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Abstract 

Alzheimer's disease causes cognitive decline in patients and has a devastating effect on 

them, causing an extremely negative socioeconomic impact in modern societies. Despite the 

huge amount of information available, the heterogeneity of formats and data models makes 

their integration and interpretation very difficult. Information Systems using Semantic Web 

technology allows the integration of data and knowledge spread across multiple 

heterogeneous sources and their use is substantially easier and more efficient, enhancing the 

discovery and sharing of new knowledge. 

In this work, it was implemented a information and knowledge extraction system for 

analysis and management of medical information supported by an ontology developed for this 

purpose and named Neuropsychological Test Ontology. This ontology describes concepts 

related to the application of neuropsychological tests to patients with potentially Alzheimer's 

disease and was the basis for the semantic annotation of real clinical data, originally available 

in excel files. The developed web application performs the loading of semantically annotated 

data in a triple store repository allowing its search and visualization, taking into account 

private data criteria. In addition, interacts with a data mining software through a Web Service 

that makes available a service able to predict diagnoses and prognoses in a predefined time 

interval based on classification models, and a data import service. Through the import data 

service, models can be adjusted according to new data provided by the web application, 

reflected in the behavior of these models. 

Keywords Alzheimer’s Disease, Semantic Web, Ontologies, Neuropsichological Tests, 

Clinical Data Integration 
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1. Introduction 

This work, as part of the project "NEUROCLINOMICS - Understanding 

neurodegenerative diseases through the integration of clinical and genomic data", aimed at the 

design, development and implementation of an information system and knowledge extraction 

for analysis and management of medical information, namely information relating with 

neuropsychological medical tests applied to patients, potentially with Alzheimer's disease. 

Due to complexity, heterogeneity and huge amount of data, scientists need new 

capabilities based on the modern semantic approaches. The use of Information Systems (IS) 

employing Semantic Web technology is currently one of the most promising and proposed 

solutions for data and knowledge integration, spread across multiple heterogeneous sources 

(Ruttenberg A., 2007). These approaches facilitate the modeling of scientific knowledge, the 

hypotheses checking, the development of applications that analyze heterogeneous data from 

different sources and domains, and sharing of new knowledge (Hey T., 2009). An interesting 

perspective on the handling of heterogeneous data is that making its formal definition and 

clarification of its meaning, the use of such data will be substantially easier and more 

efficient.  

Thus, is still needed the development of an information system able to acquire, organize, 

analyze, correlate, interpret, infer and integrate heterogeneous data of neurodegenerative 

diseases.  

2. Neuropsychological Tests Ontology 

The application of neuropsychological tests aim to assess the mental health of patients, 

identifying and quantifying cognitive, behavioral and functional symptoms, in order to make a 

diagnosis, evaluate and monitor the progress of Alzheimer's disease. There is a great diversity 

of available tests, some of them are being applied alone or in combination with others (battery 

of tests). One good example is the battery of Lisbon for evaluation of dementia (BLAD) 

validated for the Portuguese population. The BLAD comprises tests such as Letter 

Cancellation Task, Digit Span, Clock Draw, Interpretation of Proverbs, Raven Progressive 

Matrices, Naming Public Faces, Verbal Paired-Associate Learning, Logical Memory, Word 

Recall with Interference, Snodgrass and Vanderwart. 

In this work it was developed an ontology that provides the basis for the annotation of 

medical data concerning the neuropsychological tests. This ontology, designated by 

Neuropsychological Test Ontology (NTO), maps and described concepts related with 
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neuropsychological testing applied to patients potentially with Alzheimer's disease. This 

structure of knowledge representation formed the basis for the rest of the system development. 

Actual clinical data originally available as Excel files are semantically annotated according to 

NTO.  

2.1. Ontology development 

The concepts and their relationships taken into account for the creation of ontology are 

described below. A physician has a group of patients who are subjected periodically to a set 

of medical evaluations. Physicians and patients have a range of personal information such as, 

patient name, date of birth, gender, email, photography, education, etc. that could be available. 

The medical evaluations, performed on a specific date, corresponding to the execution of a set 

of neuropsychological tests. At the time of the medical evaluation, the patient has a relevant 

set of data, such as the duration of Alzheimer's disease, the BLAD group where they fit and 

their age. At the end of this evaluation, the patient will have a diagnosis relating to 

Alzheimer's disease, specifying the disease phase. Each neuropsychological test, may has a 

normalized result or not, a duration and a version. Tests may also contain various components, 

i.e. different parts of test, each with its duration and its own result, which may be normalized. 

The tests and their components may be associated with certain characteristics such as the 

similarity, the use of vocabulary, drawing objects, etc.. There are some more complex 

neuropsychological tests, called battery of tests, which group a several tests. The BLAD was 

the main battery of tests used in the actual data available, complemented by other tests such as 

the Trail Making Test, Toulouse-Pierón Test or Californian Verbal Learning Test. 

The NTO is composed by classes (representing general domain concepts such as Patient 

ID, medical evaluation, etc..), Subclasses (correspond to specializations of the superclass such 

as Patient, Physician), instances (which represent specific data such as the phases of the 

Alzheimer disease, "Mild Cognitive Decline," "Moderate Cognitive Decline", etc..), 

properties (representing the binary relations between concepts and instances such as the 

property "has Medical Test" that relates Evaluation with Medical Test) and restrictions 

(limiting the relationships, such as, the Toulouse-Pieron test that has at maximum one test 

component related to dispersion index). 

The class Score was created to allow the representation of data complex structure that can 

simultaneously have multiple dimensions such as a quantitative value, a qualitative value, a 

measurement unit. Thus, it is possible to represent the duration of the disease when medical 
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evaluation as hasValue = 2 and hasUnit = "years", or representing one of the diagnostic 

evaluation as hasValue = 1.0 and hasQuality = "MCI" (one of the stages of Alzheimer's 

disease). There are still some tests producing relevant results, not only for the value obtained 

in its execution, but also the time of execution. It is possible to represent these results with 

two instances of classes Score, the first with hasValue = 19.4, hasUnit = "in 20" and 

hasQuality = "Excelent" and the second with hasValue = 56 and hasUnit = "seconds".  

The following figure represents the NTO conceptual model, where it can be observed the 

entities, their properties and the most relevant relations.  

 

Fig. 1 – Conceptual scheme of entities and relationships of Neuropsychological Test Ontology (NTO) 
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3. Global vision of System 

The developed prototype for the implementation of the information system and knowledge 

extraction, includes a Web application and a Web Service allowing users and computer 

systems to interact with medical data annotated according to the NTO. The system 

implements the Client-Server architecture with N-Tier Software  Architecture, which includes 

5 layers: source data layer; extract data layer; semantic data layer; semantic services layer and 

presentation layer. The figure below depicts the architecture.   

The Web application was developed on the ZK Framework, a open source tool that 

allows the development of client-server applications with Ajax technology in the Java 

programming language. The system contains a repository of data in form of triple store 

implemented by Virtuoso server and an application server Apache Tomcat which hosted the 

developed Web application. The data produced by the neuropsychological tests were provided 

in Excel format files by physicians of the Molecular Medicine Institute (IMM). These data are 

then semantically annotated according to NTO and loaded into the repository. The Virtuoso 

server has a SPARQL engine and an integration module with the Jena API. 

Also, a Web Service was built based on SOAP and Java EE technologies, which provides 

a service that relies on a data mining software, including a decision support system, based on 

a developed WEKA model, able to predict diagnoses and prognoses in a predefined time 

interval. The Web application consumes this Web Service by choosing one of the available 

operations. Each diagnosis and prognosis operation at 2, 3 and 4 years receives as parameters, 

the classifier to be used and a set of data from medical evaluation, and returns a confidence 

interval.  

  

Fig. 2 –N-Tier Software  Architecture and Infrastructure applicational, adapted from Kammergruber.  
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4. System implementation 

4.1. Access control 

The application uses the OpenID protocol to allow authentication of non anonymous users 

and Role Based Access Control that permits the application customization by the 

administrator in order to adapt to the needs of different user groups. In this access model, the 

users identified by their email, may associate to five distinct groups of users, also called for 

access profiles or roles: Application administrator, Physician, Secretary, KDBIO and 

Anonymous. Each of these roles has an associated set of permissions (read, insert, update and 

remove) on services provided by the application. Thus, for example, is possible to specify that 

only users with the Physician role can insert and remove medical records, but users with 

Secretary role are only allowed to update the records. The navigation options in the 

application, through the general menu and menu-specific, are also supported as services, 

allowing a personalized navigation according to their roles. Permissions are loaded into the 

RDF graph and stored in memory in a persistent object, which allow the rapid manipulation. 

4.2. Data Annotation 

This function allows the semantically annotation of data produced in neuropsychological 

tests, performed in patients in a particular medical evaluation, and put them in an RDF graph 

in Virtuoso system, named by DATA_GRAPH. Clinical data provided by the IMM physicians, 

partners in the Neuroclinomics project, are related to a set of medical evaluations conducted 

since 1989 to patients with potentially Alzheimer's disease. These patients underwent BLAD 

and a set of other individual neuropsychological tests such as Toulouse-Pieron, Trail Making 

Test, Stroop Test, Wechsler Adult Intelligence Scale and California Verbal Learning Test. 

After the evaluation step, the patients were diagnosed by the physician as “normal” or 

belonging to one of phases of the disease. Data provided by the IMM team in Excel files have 

a similar scheme to the figure below.  

 

Fig. 3 – Excel file with medical data 
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To allow flexibility to the system, allowing the exchange of columns, changing column 

names, and the addition of more columns to accommodate new tests, it was created a 

configuration mapping ontology file, designated by OntologyMap.xls. This file allows 

semantic annotations in each column according to the ontology NTO.  

 

Fig. 4 –Configuration OntologyMap.xls file 

4.3. Patient management  

This function allows the management of general information concerning patients. In this 

screen, data such as name, date of birth, photograph, nickname, title, email and phone can be 

inserted or updated in the system. Patients are also associated with their physician. 

The confidentiality of personal data and medical tests associated with real patients is a 

subject of great criticism. This problem was solved by performing a separation in terms of 

graphs between personal data and data from medical tests. From one side, the medical tests 

data are stored in the graph DATA_GRAPH and correlated with a number that belongs to a 

patient ID. Using this graph, it is impossible to identify the real patient. From the other side, 

the personal data of patients are kept in the graph FOAF_GRAPH and will not be accessed 

through SPARQL console. This graph also contains the patient ID, enabling the association 

between these data and the data from graph DATA_GRAPH. 

 

Fig.  5 – Separation between clinical data and personal data graphs in Virtuoso 
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4.4. Data Visualization 

The function allows the visualization of the recorded data from medical tests. The user 

can choose a set of filters as the patient ID, exact date of the medical evaluation, medical 

testing, patient gender, etc. This feature, when performed by a user with physician profile 

allows to view patients information such as patient ID and his name. Thus, the physician can 

select the patient whose data want to view, avoiding the problem of confidentiality of the data 

in relation to their own patients.  

4.5. Diagnosis and Prognosis 

This function allows the interaction of this application with decision support system for 

able of predicting diagnosis and prognosis in a predefined time interval. The Mild Cognitive 

Impairment (MCI) is considered an early stage of Alzheimer's disease. Patients diagnosed 

with MCI has an increased likelihood of progression to the later stages of the disease. The 

support system for the decision is a data mining software, based on a developed model 

WEKA, which processes a wide range of real data concerning the neuropsychological tests of 

patients already diagnosed with MCI or AD, applying them classification models created by 

techniques of data mining. The import of new data provided by the web application through 

Web Service allows these models to be rearranged changing their behavior.  

For a particular medical evaluation, the system allows to assign automatically the patient's 

diagnosis regarding the phase of Alzheimer's disease. In cases where the patient is still in the 

stage of Mild Cognitive Impairment (MCI) is even possible to make a prognosis at 2, 3 and 4 

years of disease progression in patients. This feature needs to consume a Web Service that 

provides diagnostic and prognostic operations. Each of these operations takes as parameters 

the classifier to be used and a set of data produced in a clinical evaluation. The available 

classifiers are Neural Networks (NN), Naive Bayes (NB), K-Nearest Neighbor (KNN), 

Support Vector Machines (SVM) Kernel Polynomial (Poly), SVM Gaussian Radial Basis 

Function (RBF) and Decision Tree J48. 

Each operation of the Web Service returns a confidence interval between 0 and 1. For the 

diagnosis, the model returns 0 means the patient has 0% of probability of being in the phase 

MCI, and if the first return means that the patient has a 100% of probability of being in this 

phase. In prognosis at 2, 3 or 4 years, if the model return 1 means that the patient has 100% of 

probability to not progress in the disease while 0 means it has 0% probability of not 

progressing in disease, this is, it will evolve in the disease.  



9 

 

Fig. 6 –Prognostic function 

4.6. Browsing in Ontology 

This functionality allows browsing through Neuropsychological Test Ontology displaying 

its hierarchy of classes, instances, properties, annotations and data types.  

4.7. Sparql queries 

The user can query the graph DATA_GRAPH that resides on the server Virtuoso. This 

graph contains the NTO ontology and RDF data from the annotated medical tests. The user 

has an useful and flexible tool, that it can interact with the semantic data and obtain the 

desired responses.  

4.8. Neuropsychological tests 

This feature allows an intuitive view of psychological tests on existing ontology NTO, its 

hierarchy and features such as purpose, description, comments, recommended age of patients, 

and the test duration. It is still possible to observe a pdf file with the chosen test description. 
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5. Conclusions 

In this work it was implemented a prototype of an information system and knowledge 

extraction for analysis and management of medical information. The Neuropsychological Test 

Ontology was developed allowing the description and relation of concepts on application of 

neuropsychological tests to patients with potentially Alzheimer's disease. This structure of 

knowledge representation was the basis for the semantic annotation of real data, originally 

available as Excel files provided by IMM medical team. 

The web application contains a set of features available including, the introduction of new 

patients and physicians in the system; loading new data into the annotated triple store 

repository; viewing information regarding medical evaluations; querying data through a 

SPARQL interface, interaction with a Web service that allows to assign automatically the 

diagnostic to the patients and make predictions about the evolution of Alzheimer's disease. 

The import of data provided by the web application through the Web Service allows 

adjustment of the models created by techniques of data mining. 

 

5.1. Contributions and future work 

The created ontology represents the effort to formulate a rigorous and comprehensive 

conceptual scheme within the area of medical neuropsychological tests knowledge. When 

there is an agreement in respect of semantic concepts and their relations, is possible to share 

data and knowledge in a coherent and consistent across various applications of this domain. 

Thus, it is open the way to annotate the data from neuropsychological tests performed by 

patients around the world, using a simple and user-friendly system, allowing that other 

physicians and researchers can easily search and extract new knowledge related with 

neuropsychological tests. 

As future work, propose the inclusion of clinical data from external sources (BrainNet, 

ADNI and dbSNP) in the repository. These data should be semantically annotated according 

to the NTO in order to make available a set of integrated data, allowing their extraction and 

sharing of new knowledge. Furthermore, the ontology developed was mainly focused on 

neuropsychological tests performed in patients with potentially Alzheimer's disease. The 

extent of this ontology to other neurodegenerative diseases such as the case of Amyotrophic 

Lateral Sclerosis disease will be very useful and could be done in the future.  
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