
 

 

http://researchspace.auckland.ac.nz 
 

ResearchSpace@Auckland 
 

Copyright Statement 
 
The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand).  
 
This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 
 

� Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

� Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

� You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback 
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the 
digital copy of their work to be used subject to the conditions specified on 
the Library Thesis Consent Form and Deposit Licence. 
 

Note : Masters Theses  
 
The digital copy of a masters thesis is as submitted for examination and 
contains no corrections. The print copy, usually available in the University 
Library, may contain corrections made by hand, which have been 
requested by the supervisor. 
 



 

 

 
 
 
 

A Semantic Annotation Framework for 
Patient-Friendly Electronic Discharge 

Summaries 
 

 

 

 

 

 

 

Mehnaz Adnan 

 

 

 

 

 

 

 

  

A thesis submitted in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in Computer Science, The University of Auckland, 2011. 



 

ii 
 

Abstract 

Discharge Summaries are intended to include information necessary to communicate the 

post-discharge framework of care to care providers as well as patients and their families. An 

important aspect is the availability of easily understandable discharge information to 

empower patients as partners in their post-discharge care. However, these summaries are 

found to impose comprehension barriers for consumers.   

We explore semantic annotation as an approach to improve discharge summaries by 

assigning links of various semantic types to entities in the text. Our approach is grounded in 

automated text analysis and panel assessment of a corpus of 200 Electronic Discharge 

Summaries (EDSs) to identify the barriers to patient use of these summaries. These analyses 

identified the presence of advanced clinical vocabulary, abbreviations and inadequate 

patient advice as major obstacles.  

In response to the findings from corpus analyses, we implemented two components, SemLink 

and SemAssist. Both of these components use the Unified Medical Language System (UMLS) 

and the Open Access Collaboratives’ Consumer Health Vocabulary (CHV) as biomedical 

vocabularies and the General Architecture for Text Engineering (GATE) as a natural 

language processing framework. SemLink is designed to provide readability support for EDS 

text by adding hyperlinks to the most appropriate and readable consumer-based web 

resource for difficult terms and phrases. SemLink was developed iteratively and can embed 

its results in portable document format (PDF). In a preliminary automated evaluation, 

SemLink achieved 95% precision in hyperlinking topically relevant Web resources in which 

83% of hyperlinks could be restricted to resources of reading grade-level 8 or less. In the 

final evaluation by expert feedback, SemLink generated 65% topically relevant hyperlinks as 

agreed by the majority of the experts. SemAssist is designed as an interactive ontology-based 

Clinical Decision Support System to assist EDS authors in providing optimal medication 

advice for patients. The system offers a pre-formulated auto text and an alert critique about 

the inclusion of advice on side effects, required patient actions and follow-up related to post-

discharge care for a set of high risk medications. 

Together, SemLink and SemAssist illustrate the application of a semantic annotation 

framework to support consumers in getting the most from their EDSs by exploiting both 
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dynamic hyperlinking and authoring support. Our approach may have a wider range of 

applications   to support other health-related document types and clinical users.  
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Chapter 1. Introduction 

1.1. Background 

A Discharge Summary (DS) is an important tool to communicate the post-discharge 

framework of care between hospital physicians and primary care [1, 2] as well as patients and 

their families [2]. Health consumers use their DS information for later consultation and self-

care management [3]; hence the availability of easily understandable discharge information in 

these summaries is critical for successful post-discharge care. However, patients often find 

difficulty in comprehending their discharge instructions [4, 5] which causes lower 

compliance rates [6] , leading to ineffective post-discharge  care [4] and rehospitalisation [7]. 

Patient compliance is strongly correlated to the patient’s understanding of their condition, 

medications and treatment plan [8, 9]. Comprehension of clinical contents is challenging for 

people with lower reading skills [10], and DSs often contain clinical terms and abbreviations 

that are difficult to understand even for an average consumer [4], and thus confuse the 

communication between providers and patients [11] and affect patients’ comprehension [4, 

11].  

The hospital to home transition is a critical period where patients often discharge with 

problems that although improving are not yet resolved, thus leaving the patient more 

vulnerable to adverse events.  Foster et al. [12] found that within three weeks of discharge 

nearly 20% of patients experience adverse events , nearly three-quarters of which could have 

been ameliorated or prevented. The most common post-discharge complications are adverse 

drug events [13]. These adverse events can be reduced by educating patients about drug 

therapies, side effects and what to do if a specific problem develops [9, 13, 14].  Health 

literacy is the ability to obtain, interpret, and understand basic health information in order to 

make good health care decisions [15]. Patient with low health literacy are more likely to skip 

preventative measures and require hospitalization, hence worsening patient outcomes and 

driving up costs to the health-care system [16]. In contrast, a recent study [17] shows that 

improving the hospital discharge process by providing patient education and counselling 

about medications and follow-up plans resulted in reduced re-hospitalization rates.  

As a first hand information tool the DSs can provide optimal information for patients to 

manage their post-discharge care, for example the information on medication side effects and 
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follow-up plan can help in educating patients [18-21], enhancing patient compliance and 

reducing the likelihood of hospital re-admission. This creates a need for approaches to 

produce more patient-friendly DSs. In this thesis we use the term patient-friendly in a sense 

analogous to user-friendly which is defined as something “easy to learn, use, understand, or 

deal with” [22].  This thesis addresses the use of semantic annotation to improve the 

information quality of DSs and produce more readable contents for consumers through 

interactive computer-based support, for both authoring and the reading of DSs. In this thesis, 

consumer and patient are used interchangeably. 

1.2. Research Context 

Traditionally, paper DSs have been completed manually by a health professional at the 

completion of an inpatient event of care. With the advancement in technology, paper DSs 

have been moving to Electronic Discharge Summaries (EDSs) in many developed countries. 

EDS systems are found to provide more timely [23, 24] and more legible summaries [23] that 

simplify work practices [23, 25]. At present, the Waitemata District Health Board (WDHB) 

in Auckland, New Zealand, our research setting for this thesis, provides a hard copy of DSs 

to their patients at the time of discharge. However, with the widespread availability of 

internet access many jurisdictions are rolling out online services for their patients through 

Personal Health Records (PHRs). For example, in the US, Kaiser Permanente patients access 

a wide range of provider information and services online [26]. In a trial with 100 patients in 

the United Kingdom, the online accessibility of  their health records was found to be useful 

by patients [27]. Recently, the National Health IT Board of New Zealand declared the goal of 

providing a core set of personal health information electronically to consumers by 2014 [28]. 

Hence, this thesis addresses the EDS comprehension issues in the context of current DSs, 

which are at present transmitted electronically, only to providers, but with an eye to the future 

when these DSs may be viewed online by patients as well.  

1.3. Motivation 

Semantic annotation is the process of identifying and assigning predefined entities in a text 

with their machine-processable semantic metadata in the form of annotations; these 

annotations may include comments, notes, explanation or external links [29].  Semantic 

hypermedia further extends link annotations and uses concepts from ontologies and 

vocabularies to support dynamic linking to Web resources [30]. Clinical decision support, 
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which is an established component of medical technology systems [31], has been defined as 

“active knowledge systems which use two or more items of patient data to generate case-

specific advice” [32]. Active semantic documentation further extends the scope of clinical 

decision support by getting its semantic features from automatic semantic annotation to 

support automatic decision-making on the content of the document by applying contextually 

relevant rules to the components of the document. In health care this approach aims to reduce 

medical errors and improve physicians’ efficiency [33].  

Semantic annotations and hypermedia have been put forward as an enabler to link and define 

clinical data to better meet user requirements. For example, they can be used to assist health 

professionals in the process of patients’ information retrieval [34] and to support 

contextualized browsing in health portals’ Web pages [35]. In the domain of clinical decision 

support, ontologies have been used to model domain knowledge and the results of semantic 

annotations and ontology enabled rules have been used to support physicians’ workflow, for 

example, by enforcing clinical guidelines in medical practice [36, 37] and helping physicians 

in accurate completion of patient charts [33].  However, so far, most applications of semantic 

annotations have been on Web contents or to provide support for health professionals; the 

utility of semantic annotations from medical report text to aid consumers in reading and 

accessing informational resources has received little attention. This raises the question 

whether semantic annotation can be applied to enhance information quality and knowledge 

support in EDSs to improve patient compliance and safety. Therefore, this thesis is stimulated 

by the following motives: 

• Semantic annotations can also be utilized for medical reports to provide a readability 

support for consumers. In this thesis, the benefits of using ontologies and semantic 

annotations are tested in terms of providing an interpretative layer between the text 

generated by clinicians and its display to consumers in the context of EDSs.   

• Semantic hyperlinking provides the architecture of ontology-driven linking that 

allows us to use ontology concepts and vocabularies to provide browsing support for 

consumers.  Integrating semantic hyperlink in EDS text can help generate hyperlinks 

around terms and phrases in EDS documents identified by the background knowledge 

held in ontologies. The terms will then link to relevant and readable Web resources to 

provide readable knowledge support for consumers.  
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•  Semantic decision support entails modelling of domain knowledge in an ontology 

which can be used in semantic annotations to generate high-level concepts that are 

useful for decision support. The semantic decision support application in this thesis 

uses ontologies and semantic annotation to actively assist physicians in the 

completion of patient advice in EDSs with the aim of improving patient safety and 

satisfaction in medical practice, and improving patient compliance due to the 

availability of more comprehensive information. 

1.4. Research Question  

This thesis aims to investigate the general research question: 

Can the use of semantic annotations enhance information quality of clinical text for 

patients?  

We refine this research question into three specific research questions:  

1. Can the use of semantic annotations provide a consumer friendly interpretative and 

knowledge support layer for the medical vocabulary in clinical text? 

2. Can the use of semantic hyperlinks provide a way to dynamically retrieve and link a 

topic-specific and readable Web resource to a consumer?  

3. Can the ontology be used to model the domain knowledge of a clinical decision 

support system that would leverage rules and automatic semantic annotation in the 

clinical free text to improve the information quality for consumers?   

We look at these research questions in the context of EDSs as a key clinical text of relevance 

to health consumers. 

1.5. Research Contributions and Significance 

The main contribution of this work is a semantic annotation framework to produce patient 

friendly EDSs. This framework provides reading and authoring support in EDS for 

empowering patients in their post discharge care by providing comprehensive information 

and knowledge support. There are two principal axes of the research: (1) incorporating 

semantic hyperlinks for consumers; and (2) adapting a clinical decision support system in the 

form of recommendations for EDS authors.  
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1.5.1. Adding Semantic Hyperlinks for EDS Consumers 

To provide readability support for consumers, we propose a semantic annotation based 

readability support component in our framework, which we call SemLink. SemLink 

contributes to the reading support for consumers by providing an interpretative and 

knowledge support layer in the form of consumer friendly synonyms and hyperlinks for 

difficult terms and phrases in EDSs. Semantic annotations are achieved by using an ontology-

based terminology model based on Unified Medical Language System (UMLS) [38], Open 

Access Collaboratives’ Consumer Health Vocabulary (CHV) [39] and a list of locally 

approved abbreviations.  In the domain of dynamic hyperlink generation, the thesis adds a 

new terminology and readability score based algorithm to select the most appropriate and 

readable resource for the consumer.  

SemLink uses Protégé for ontology development, GATE API for generating ontology and 

natural language processing (NLP) based semantic annotations [40] and iText [41] Java 

library for embedding these annotations in a portable document format (PDF) in free text of 

EDSs. PDF documents allow us to store both a printable document and the related 

annotations as a single file which can easily be transmitted to care providers and consumers. 

The embedded link annotations are used to provide the functionality of dynamic hyperlinking 

to the most relevant and readable Web resource from trusted consumer portals. SemLink was 

implemented in iterative refinements with interim evaluations. The preliminary evaluations 

were performed by measuring the efficiency of the dynamic hyperlink generation in terms of 

precision, recall and readability scores of the hyperlinked Web pages for semantically 

annotated terms in EDSs that are likely to be difficult for consumers. The final SemLink 

system is evaluated by experts’ feedback to measure the correctness and helpfulness of the 

dynamic hyperlinking approach for lay consumers. 

1.5.2. Semantic Recommendations for EDS Authors 

To address the problem of suboptimal advice for patient in EDSs, an ontology based 

prototype semantic recommendation system – SemAssist – is designed and implemented. 

SemAssist extracts critical medication information from the text of patients’ discharge 

medications in EDSs and provides related recommendations to the EDS’s author to enrich 

patient advice with medications information. The underlying decision support knowledge of 

SemAssist is modelled in ontology for a set of evidence based high risk discharge 

medications. The ontology model comprised the medication knowledge for consumers 
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necessary for their post-discharge self care. The semantic annotations and decision support 

rule base provide patient and medication specific authoring recommendations to EDS 

authors.   

SemAssist is implemented using Protégé for ontology development, GATE API for ontology 

and NLP based semantic annotation [40] and Java (JDK1.5) for user interface development.  

SemAssist offers authoring recommendations in the form of auto text to be inserted in the 

patient advice section of EDSs as well as relevant critiques if a necessary advice is missing 

from EDS. 

1.6. Thesis Organization  

The organization of the rest of the thesis is shown in Figure 1-1. There are three parts with a 

total of eight chapters.  

  

Figure 1-1. Thesis structure 

Part 1, covering “Background and Related Work”, is presented in chapter 2. This chapter 

presents the background on semantic annotations, semantic hypermedia, readability of health 

information, clinical decision support systems and, concretely, natural language processing 

and ontology based clinical decision support systems.  It examines the existing research in 

these fields and discusses a selection of the state-of-the-art related works from the author’s 

perspective.  
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Part 2, covering “Design and Implementation”, is presented in Chapters 3 to 7. Chapter 3 on 

“EDS Corpus and Quality Issues” describes our EDS corpus and the methodology employed 

to identify the deficiencies in EDS’s information that impose comprehension barriers for 

consumers and could be addressed by using semantic annotations, hyperlinks and decision 

support. Chapter 4 describes the approaches for producing a semantic annotation and 

automatic hyperlink generation for EDSs in SemLink. SemLink adds a semantic layer to the 

free text in EDSs using semantic annotations. This chapter shows how the ontology and 

vocabulary based hyperlinks dynamically selects the most relevant and readable Web 

resource from trusted online health consumer portals. This chapter also discusses the 

iterations employed and incremental development of SemLink. A desktop evaluation is 

performed to measure the precision, recall and readability scores of hyperlinked Web pages 

using the sample EDS data collected in this research to test the adaptability and scalability of 

SemLink for consumer empowerment. Chapter 5 describes the evaluation of SemLink by 

experts’ feedback. This chapter describes the evaluation methodology, gives the results of the 

experiments and discusses the main findings of the evaluation. Chapter 6 describes our novel 

EDS authoring recommendation system SemAssist. SemAssist takes the knowledge of the 

discharge medications and knowledge about the possible medication advice into 

consideration. This chapter describes the knowledge and ontology engineering process for 

SemAssist to model high risk discharge medications. SemAssist takes a natural language 

processing and ontology based recommendation approach to recommend necessary patient 

advice for EDS author and also provides a critique if a necessary advice is missing from the 

patient advice section of EDSs. Chapter 7 describes our proposed semantic annotation 

framework to mediate between health information and consumers. This framework is the 

result of a bottom-up approach of exploring the opportunities for semantic annotation as 

shown in Chapter 4 to Chapter 6. Within this framework we designed a software architecture 

with two axes; one is the reading support and the other is the writing support to produce 

patient-friendly EDSs. The reading support is implemented by embedding SemLink 

hyperlinks in PDF format and the writing support is implemented by incorporating SemAssist 

functionalities in an interactive Clinical Decision Support System.    

Part 3, covering “Conclusion and Future Work”, is presented in chapter 8.  This chapter 

summarizes our work, highlights research contributions, presents answers to the research 

questions posed in chapter 1 and also discuss some implications of this research. In addition, 

this chapter also discuss some follow-up work and proposes directions for future work.  
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Chapter 2. Background and Related Work 

In this chapter, we present background information and related work for readers to easily 

understand the prototype systems to be presented in Chapter 4 and 5. This chapter is 

organised as follows. Section 2.1 presents the definition of semantic annotation, classification 

of ontologies, and gives an overview of the Semantic Web with a brief outline of the 

development of semantic hypermedia. We also discuss NLP for semantic annotations and 

present a review of NLP tools and clinical vocabularies commonly used in semantic 

annotation for clinical text. Section 2.2 presents an overview of readability formulas 

commonly used in health care and related work in readability support of health information. 

Section 2.3 describes clinical decisions support system (CDSS) and the use of NLP and 

semantic annotations in CDSS.  In addition, this section discusses related work in NLP to 

produce informational text for health consumers and in CDSSs to produce recommendations 

for clinicians. 

2.1. Semantic Annotation 

According to the Oxford Advanced Learners Dictionary, annotation means, “a note by way of 

explanation or comment added to a text or diagram.” The World Wide Web Consortium 

(W3C) Annotation Working Group [42] loosely defines annotation as  “any object that is 

associated with another object by some relationship”. Bechhofer et al. [29] identify three 

types of annotation:  

Textual annotation is the process of inserting notes and comments to resources. This kind of 

annotation is supported by Annotea [43], which allows richer annotation types, such as 

comments, notes, and explanations to be attached to any Web document or a selected part of 

the document.  

Link annotation extends the notion of textual annotation by allowing external data, including 

documents, images, and audios to be associated with specific locations in a document. A 

Unified Resource Locator (URL), which can be interpreted by a Web browser, can be used to 

specify the location of external data in a link annotation. An example of link annotation is the 

Distributed Link Service [44].  
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Semantic annotation is the inclusion of rich semantic information, including textual and link 

annotations, to the content based on ontologies. Kiryakov et al. [45] defines semantic 

annotation as:  

 the process of assigning to the entities in the text links to their semantic 

descriptions  

Thus, semantic annotation is a way to provide meaning to text by creating ontologies, and 

then linking information within a document to specifications contained in the ontology using 

a markup language [46]. The resulting annotations provide the link between information 

stored within a document and the ontology. Therefore the basic requirement to generate 

semantic annotations for a text is an ontology along with sets of indicators that determine 

what fragments are to be annotated in the document. 

The benefits of adding semantics to the medical text include: query processing using concept-

searching rather than keyword-searching [46]; custom Web page generation for visually-

impaired people [47]; enhancement of clinical documentation [33, 48]; improved user 

navigation and access to Web resources [49]; and adverse events identification [50]. In 

addition, semantic annotations have also been used with medical images to describe their 

semantic contents [51], transforming their unstructured knowledge to structured form [52]. 

Furthermore, the use of knowledge embodied in annotations are by no means confined to the 

medical domain but are also being investigated in domains as diverse as radio and television 

news [53], information extraction [45], employment information [54], online shopping [55], 

market monitoring [56] and the indexing and searching of cultural-heritage artefacts in 

museums [57]. 

2.1.1.  Ontology  

Ontology is the study or consideration of what kind of things exist – what entities or things 

there are in the universe [58]. In the context of Computer Science the meaning of ontology is 

somewhat changed: here it is a “shared understanding of a domain that is processable by both 

computers and human beings [59]. Gruber [60] defines an ontology as “an explicit 

specification of a conceptualization”, where a conceptualization consists of “the objects, 

concepts and other entities that are presumed to exist in some area of interest and the 

relationships that hold among them” and specification is the concrete representation of this 

conceptualisation. Uschold [61] has also given a Computer Science definition of ontology:  
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ontology may take a variety of forms, but necessarily it will include a 

vocabulary of terms, and some specification of their meaning. This 

includes definitions and an indication of how concepts are inter-related 

which collectively impose a structure on the domain and constrain the 

possible interpretations of terms. 

Hence ontologies are conceptualizations of a domain that typically are represented using 

domain vocabulary [62]. The main components of an ontology are concepts, relations, 

instances and axioms [59]. 

Concept represents a set or class of entities or things within a domain. For example ACE 

inhibitor is a concept in the domain of medications. 

Relations describe the interactions between the concepts and refer to properties 

(relationships) of the concepts. There are two main types of relations: taxonomic and 

associative. Taxonomic relations organize the concepts in a sub-super-concept hierarchical 

structure, while associative relations relate the concepts across the hierarchical tree. 

Instances refer to things represented by concepts. For example, Accupril is an instance of the 

concept ACE inhibitor. 

Axioms are used to provide constraints on classes or instances. Restrictions on properties 

(relationships) are a kind of axiom. For example, a property axiom in Web Ontology 

Language (OWL) <owl:ObjectProperty rdf:ID="hasMedication/> defines the relation 

(property) with the restriction that its value should be an instance (individual) of class 

Medication. 

Ontology Classification: Stevens et al. [59] categorize ontologies into three types. 

Generic ontologies are upper-level ontologies that capture concepts such as space, time, 

events that are generic to all domains. The aim of these top-level ontologies is to serve large 

communities of users and applications. For example GALEN [63] is an upper-level ontology 

in the field of biomedicine, which uses upper level concepts, such as, structure, substance and 

process to represent biomedical concepts such as diseases, anatomy, drugs.  

Domain-oriented ontologies define concepts and vocabularies that are specific to a particular 

domain such as anatomy, heart failure, medications [59]. A domain ontology might include 

concepts with a higher level of generality than those belonging to a generic ontology  [62]. 
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Task-oriented ontologies describe concepts and vocabulary related to generic task or activity, 

for example medication prescription. Thus, while an ontology of medications is a domain 

ontology since it will contain vocabulary related to various medications, an ontology 

specifying tasks associated with a specific procedure such medication prescription will be a 

task ontology. It may be noted that in the biomedical domain most ontologies are a mixture of 

generic, domain and task oriented ontologies [59]. 

2.1.2. The Semantic Web 

The Word Wide Web (WWW) is intended for the use of humans to publish and share data. 

However, it does not support machine processable data and automated processing. The 

Semantic Web is an extension to the WWW proposed to address the shortcomings of WWW. 

Its creator, Tim Berners-Lee [46] defines the Semantic Web as: 

… an extension of the current Web, in which information is given well-

defined meaning, better enabling computers and people to work in 

cooperation 

In the Semantic Web, the information on one hand is human readable, i.e., expressed in 

natural language, and on other hand is interpretable by computer programs, which provide 

intelligent services to their human users. To achieve this, the Semantic Web approach 

develops technology for expressing and accessing information in a machine-processable form 

which allows data to be automatically processed by software tools, interoperable across many 

applications and shared by diverse communities. In addition, the data can be used to infer 

knowledge and enhance information discovery, so that search results can be improved. Where 

the conventional Web uses markups to represent information, the Semantic Web uses 

descriptive and extensible languages. A variety of languages with varying characteristics in 

terms of expressiveness, ease of use and computational complexity can be used for encoding 

or representation of conceptual models. These include: 

• Extensible Mark-up Language (XML) 

• Resource Description Framework (RDF) 

• Web Ontology Language (OWL) 
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These formal languages are regarded as metadata, which can be used to represent data-about-

data contained in the Web and to encode the conceptual model of ontology so that humans as 

well as machines can understand it.    

Extensible Markup Language: Although eXtensible Markup Language (XML) [64] is not 

an ontology language, it is a markup language on top of which other metadata languages 

(RDF(S) and OWL) have been developed. XML was derived from SGML to facilitate the 

sharing of structured information between various applications on the Web. It is also used to 

encode documents and serialize data. In XML people can define their own tags and hierarchal 

structure, hence took its property of “extensible language”. Users can specify allowable tags 

and their attributes by XML schemas and Document Type Definition (DTD).   

An XML document consists of three parts: prolog, entity and attribute, as shown in Figure 2-

1. The first line is the prolog which appears before the root element. It contains an XML 

declaration (<?xml version=”1.0”?>)  and reference to other documents. Entities are things in 

the document (e.g. Book) and an attribute is a value inside the opening tag of an entity (e.g. 

ID). 

 

 

 

Figure 2-1. An XML document example 

Resource Description Framework: Resource Description Framework (RDF)[65] was  

developed by the W3C for the creation of metadata describing Web resources in the form of 

subject-predicate-object expressions (triples).  The subject denotes the resource; the predicate 

describes aspects of the resource or creates relationships between other resources (i.e. 

relationships to objects). The subjects and predicates are identified by unique Uniform 

Resource Identifiers (URIs). However, an object can be another resource specified by a URI 

or a literal value, which may be any other data type or a simple string. An RDF model can be 

serialized and presented in different syntax, such as RDF/XML (Figure 2-2), Notation 3 (N3) 

(Figure 2-3), or as a directed labelled graph (Figure 2-4). 

<?xml version="1.0" encoding="UTF-8"?> 

<Book> 

<Authors ID="123456"> Steffen Staab </Authors> 

<title> Handbook on Ontologies </title> 

</Book> 
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<rdf:Description 

rdf:ID="http://books.com/book1"> 

<dc:title> 

Handbook on Ontologies 

</dc:title> 

</rdf:Description> 

Figure 2-2. RDF/XML serialization 

<http://books.com/book1> <dc:title> "Handbook on Ontologies" 

Figure 2-3. N3 serialization 

 

Figure 2-4. RDF as directed labelled graph 

While RDF is a general-purpose language for representing information, RDF schema (RDFS) 

is the vocabulary language for RDF [66]. The vocabulary defines RDF classes (resources), 

properties and their hierarchies (such as rdf:Class, rdf:subclassOf, rdf:Property, 

rdf:subPropertyOf, rdf:domain, rdf:range). For example, rdfs:subClassOf”  relationship is 

used to model a domain in a hierarchical fashion (Figure 2-5). However, RDFS is not capable 

of representing more complex relationships which may exist between classes. Therefore more 

expressive language such as OWL is needed. 

 

Figure 2-5. RDFS as directed labelled graph 

Web Ontology Language: Web Ontology Language (OWL) [67] is the W3C recommended 

language for the Semantic Web. OWL is built on top of RDF(S) and includes further 

constraints and relationships among resources than are specified in RDF(S). An example 

relationship ‘supervisorOf’ between resources in a particular domain is shown in Figure 2-6.  
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Figure 2-6. OWL as a directed labelled graph 

OWL has layered structure comprising three sub-languages with different levels of 

expressiveness and reasoning.  

OWL Lite supports classification hierarchies and simple constraints. Thesauri and taxonomies 

are examples of OWL Lite. 

OWL Description Logic (DL) supports all language constructs of OWL and provides 

maximum expressiveness while retaining computational completeness (all conclusions are 

guaranteed to be computable) and decidability (all computations will finish in finite time). It 

includes all OWL language constructs, but it imposes certain restrictions on using them. 

OWL Full provides maximum expressiveness and syntactic freedom of RDF with no 

computational guarantee. It includes all OWL language constructs.  

2.1.3. Hypertext, Hypermedia and Semantic Hypermedia 

In 1965, Ted Nelson [68] coined the words Hypertext and Hypermedia  with meanings as 

follows:  

Hypertext means non sequential writing – text that branches and allows 

choice to the reader, best read at an interactive screen. 

Hypermedia is used as a logical extension of the term hypertext, in which 

graphics, audio, video, plain text and hyperlinks intertwine to create a 

generally non-linear medium of information. 

In simplest terms, hypertext is non-linear text in which text documents are connected using 

links. Hypermedia extends the notion of the text in hypertext with graphics, video, audio, 

animation and other media forms. The items that are linked together are often called 

hyperlinks. As a result of hypertext, a network of interconnected nodes is created, which can 
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be navigated by following links. In 1989, Tim Berners-Lee and Robert Cailliau proposed a 

distributed hypertext system, which they called the World Wide Web (WWW) [69], 

commonly known as the Web, with the basic concept of links between resources. Typically, 

links on the Web are embedded within Web documents. Although this approach is simple, it 

has limitations, including: only a particular document format (such as HTML or PDF) 

supports the addition of links; links are static and inflexible; and ownership is required for 

creating and updating links within a document [70]. 

Open Hypermedia Systems (OHS) overcomes these limitations by considering the links in 

Web documents to be first class objects [71]. OHSs manage the links independently and can 

thus be stored, transported, shared and searched separately from Web documents. One such 

examples is the Distributed Link Service (DLS) [44]. DLS adapts an open hypermedia and 

annotation techniques to add appropriate links to the documents. This approach allows 

automatically adding links to any arbitrary document in a process transparent to the user.  

Semantic hypermedia extends the DLS with the Semantic Web by integrating ontologies and 

open hypermedia to enable documents to be linked via metadata describing their contents 

[72]. The integration of open hypermedia and ontology can be seen as one particular 

implementation of the Semantic Web which allows the use of concepts and relationships, 

modelled in ontology, in a dynamic linking process. One such example is the Conceptual 

Open Hypermedia System (COHSE) [73] which combines the DLS architecture with a 

conceptual model to provide semantic hypermedia. The COHSE augments documents with 

link annotations and use relationships in the ontology to identify link sources. This notion is 

further extended by using controlled vocabularies with ontologies to provide more useful 

dynamic linking [30] where the hyperlinks can be based on synonyms, broader, narrower or 

related terms.  

More specifically, the starting points for semantic hyperlinks are entities with semantic 

annotations which provide a semantic extension to normal hyperlinks. Such semantic links 

facilitate the connection of resources and provide knowledge transparent to the original 

content provider. Semantic hyperlinks have been used to facilitate the browsing capabilities 

of users in many domains including infectious diseases [74], online museum resources [75] 

and Wikis [76]. 
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2.1.4. Natural Language Processing for Semantic Annotation 

The main different approaches of semantic annotation are manual, semi-automatic and 

automatic annotation [77]. In manual annotation, a user annotates a document manually using 

ontologies. It is therefore a time-consuming process. This raised the question whether part of 

the annotation process could be automated. NLP is used to automatically create annotations 

based on syntactic and semantic knowledge in the underlying concepts in a textural 

document. Syntactic knowledge refers to the structure of the language, i.e. the way in which 

words can be put together to form phrases, clauses, and sentences. Semantic knowledge refers 

to the meaning of words and combinations of words in sentences [78].  In semi and fully 

automatic annotation, the text is analyzed using NLP based Information Extraction (IE) to 

find occurrences of instances and then the recognized instances are related to the 

corresponding ontological entities. The semi-automatic annotation approach still requires 

human intervention to clarify ambiguous terms, while in automated semantic annotation the 

instance data are mapped to an ontology without the intervention of humans [77].  

The two primary methods for performing IE from text documents are pattern-based methods 

and machine-learning. Pattern-based methods consist of manual rules that are typically hand-

crafted to define how entities can be found in text. The machine-learning approach uses pre-

annotated text to automatically learn the rules to identify entities in the text [77]. Machine-

learning methods often perform more efficiently than pattern-based methods, but require a 

large amount of training data in the rule learning phase. However, in most cases collecting 

enough training data is not an easy task, and it is particularly difficult in clinical domain due 

to confidentially issues. Nonetheless, a few rule-based methods [79, 80] have shown that 

dedicated grammars can also perform efficient IE from clinical data. 

One of the main categories of tools used for semantic annotations in free text is shallow NLP 

tools. These tools perform shallow analysis of text, performing functions such as tokenizing, 

part of speech (POS) tagging, sentence splitting and using regular expressions to identify 

patterns.  In the rest of this section, we provide an overview of widely used NLP tools that 

can be used to identify ontology concepts and instances in free text. These are summarised in 

Table 2-1.  

General Architecture for Text Engineering: General Architecture for Text Engineering 

(GATE) is a software framework and Integrated Development Environment (IDE) developed 
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at the University of Sheffield to facilitate the development of language processing 

applications. GATE distinguishes between three types of resources. 

Language Resources (LR) representing documents, lexicons, ontologies, corpora etc. 

Processing Resources (PR) representing components that operate on language resources such 

as taggers, parsers or tokenizers. 

Visual Resources (VR) representing GUI components to facilitate the visualization and 

editing of language and processing resources. 

In traditional IE applications, a PR is run over an original text to produce information about 

the input text in the form of a set of annotations. A GATE annotation adds a set of features 

within span tags into the source text. Example annotations include “Token” which specify the 

type of a specific token (word, number, punctuation, etc.) that is generated from the tokenizer 

and “Lookup" for the entries in the text that are matched by the gazetteer. A GATE 

application is set of PRs combined into pipelines, where each PR read the document and can 

access the GATE annotations created by previous PRs. PRs can be used individually or 

joined together or additional resources can be included in a plug-and-play manner. Various 

GATE plug-ins have been developed for IE in biomedical text, for example HITEx [81] and 

Tagger_MetaMap [82] annotate UMLS concepts in the input text. In addition, GATE has 

been used in the development of many end user applications such as information extraction, 

document generation and machine translation (see [83]) in many domains including clinical 

text [80, 81].   

GATE also includes a Java Annotation Patterns Engine (JAPE) [84], which is a rule-based 

pattern engine to process annotated text.  A JAPE grammar consists of a set of phases, each 

of which consists of a set of rules.  Each rule identifies an annotation pattern on the left hand 

side (LHS) which are manipulated on the right hand side (RHS), such as creating a new 

annotation for the recognized pattern. Figure 2-7 shows an example rule (obtained from [85]), 

which identifies a combination of patterns (number.number.number.number) to annotate IP 

addresses in the text. The first line is the rule definition, `IPAddress' in this case. Lines 2 to 8 

specify LHS of the rule which is enclosed in round braces and matches a combination of four 

patterns (number.number.number.number) by using kind of the token. Line 9 assigns a label 

‘ipAddress’ which transfers annotations from LHS to RHS. Finally, line 10 assigns a new 
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‘Address’ to the recognized pattern and feature ‘kind’ with their corresponding values to the 

annotation.  

 

 

 

 

 

Figure 2-7. Example JAPE rule 

For semantic annotations, GATE takes input text and domain ontology to output annotated 

instances of the concepts from the ontology. A JAPE grammar is used to identify a string of a 

particular concept and annotate it with the metadata for that concept. For example a JAPE 

grammar can take information from the gazetteer, map the gazetteer list to an ontology and 

annotate the string “PhD” found in the text with the following features.  

{class = Postgraduate}{ontology = http://example.com/Study} 

Unstructured Information Management Architecture: Similar to GATE, the Unstructured 

Information Management Architecture (UIMA) is an open source framework developed by 

IBM which transforms unstructured information to structured information by detecting 

entities or relations in the input content [86].  The GATE architecture is only considered with 

text analysis, whereas the UIMA framework can be used for analyzing text, audio and video 

contents. UIMA allows users to aggregate multiple analysis engines (similar to GATE PRs) 

to process input content and represent documents as text plus annotations. UIMA components 

can be written in Java and C++ by implementing interfaces provided by the framework and 

some graphical editors are also provided to allow a language engineer to assemble an NLP 

system interactively. An interoperability layer between GATE and UIMA architectures has 

been defined to include UIMA components in a GATE application and vice versa.  

Architecture and Tools for Linguistic Analysis Systems: The Architecture and Tools for 

Linguistic Analysis Systems (ATLAS) [87] facilitates the development of linguistic 

annotation applications and consists of four main components: a data model, an Application 

Programming Interface (API), the ATLAS Interchange Format, and Meta-Annotation 

1. Rule: IPAddress 

2. ({Token.kind == number} 

3. {Token.string == "."} 

4. {Token.kind == number} 

5. {Token.string == "."}  

6. {Token.kind == number} 

7. {Token.string == "."} 

8. {Token.kind == number})  

9. :ipAddress  -->  

10. :ipAddress.Address = {kind = "ipAddress"} 
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Infrastructure for ATLAS (MAIA). The data model is the core component which provides 

basic abstractions. The ATLAS API is an instantiation of a data model and provides a set of 

objects that can be used to ensemble a linguistic application. ATLAS interchange format is 

used to perform XML serialization of annotations to facilitate their exchange and reuse. 

Finally, MAIA provides an XML-based language to allow users to combine ATLAS core 

constructs and to create new annotation schema.    

SProUT: SProUT [88] is a multilingual NLP platform which provides a set of reusable 

processing components for basic text processing. These components include tokenizer, 

morphological analyzer, gazetteer and co-reference resolution. SproUT components can be 

combined into a pipeline to produce linguistically annotated structures, which can serve as an 

input for the grammar. A grammar in SProUT can be created in text or XML and consists of 

pattern-action rules specified in Typed Feature Structures (TFS). The LHS of a rule is a 

regular expression representing the recognition pattern while the RHS of a rule is the output 

structure.  SProUT also provides an IDE which can be used for inspecting the output of a 

linguistic processing application and for testing the grammars. However, SProUT cannot read 

OWL ontologies directly and requires ontologies to be translated to a TFS format required by 

the platform. 

The Natural Language Toolkit: The Natural Language Toolkit (NLTK) [89], developed at 

the University of Pennsylvania, is a suite of open source  program modules written in Python. 

NLTK provides tools for shallow natural language processing including corpus readers, 

tokenizers, stemmers, taggers, chunkers, parsers and classifiers. NLTK consists of a set of 

core modules and task modules. The core modules provide basic data types and processing 

systems that are used throughout the toolkit. For example, tokenizer is a core NLTK module 

which provides basic classes for processing tokens. The task modules are defined to perform 

specific NLP tasks. For example, POS tagger module produces part-of-speech tags for the 

text. NLTK also provides graphical tools for experimenting with NLP tasks.  

Stanford NLP Tools: The Stanford NLP Group [90] provides tools and Java libraries for 

statistical NLP which can be in incorporated into language processing applications. These 

tools include tokenizer, parts-of-speech tagger, named entities recogniser, parser, and co-

reference resolution. Stanford parser is a probabilistic natural language parser for English 

sentences. A graphical user interface is also available to visualize parse trees. A GATE 

wrapper has also been developed for Stanford parser to integrate it in a GATE application. In 
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addition, the Stanford named entity recognisers produces a parsed output with annotated 

named entities found in the text.  

Table 2-1. Natural language processing tools 

NLP 

Tool 

Available from API 

support 

Ontology 

Support 

Input Annotation 

Mechanisms 

GATE http://www.gate.ac.uk Java yes text processing 

resources, 

grammar 

UIMA http://uima.apache.org/ Java, C++  yes multimedia analysis engines 

ATLAS http://jatlas.sourceforge.net/ Java yes text, audio annotation 

ontology 

Sprout http://sprout.dfki.de/ Java no text processing 

components, 

grammar 

NLTK http://www.nltk.org/ Python no text core modules, 

grammar 

Stanford 

NLP 

http://nlp.stanford.edu/ Java no text NLP modules, 

regular 

expression 

grammar 

 

In this thesis, for NLP, we choose to use a pipelined framework because in these frameworks 

the output of one analytical module becomes the input to the next which allows mixing and 

matching of NLP pipelines and produces more robust systems. Among the Natural Language 

Processing tools, included in Table 2-1, GATE and UIMA are pipelined frameworks to 

perform any particular NLP task, while others are suites of tools. Both of these frameworks 

are widely used in research and commercial applications but we chose GATE because of it 

powerful Java Annotation Pattern Engine (JAPE) and freely available and customizable 

UMLS annotation processing module, HITEx, which allowed us to produce customized 

semantic annotations as described in Chapter 4 and Chapter 6. 
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2.1.5. Vocabulary Resources for Semantic Annotations in Clinical Text 

The process of semantic annotation uses one or more domain-specific resources to annotate 

the text with the concepts and entities in the ontology. For clinical text predefined 

vocabularies are commonly used to identify concepts within the text. This subsection 

provides an overview of the vocabulary resources commonly used for semantic annotation in 

clinical text. 

Unified Medical Language System: The United States National Library of Medicine 

(http://www.nlm.nih.gov/) provides resources for identifying concepts and their relationships 

in the biomedical domain under the framework of the Unified Medical Language System 

(UMLS) [38]. The UMLS Metathesaurus is a multi-lingual database which contains concepts 

and real-world instances of the concepts, including a concept name and its synonyms, lexical 

variants, and translations. The key idea is that a single concept may have multiple ways of 

being expressed (instances). The Metathesaurus is derived from over 100 different 

vocabulary sources including SNOMED (Systematized Nomenclature of Medicine), ICD 

(International Classification of Diseases) and MeSH (Medical Subject Headings), resulting in 

over one million biomedical concepts. Table 2-2 shows the example concept ‘Angina 

Pectoris’ taken from the Metathesaurus (July 2008 version), and displays several of the 

concept instances (i.e., synonymous words and phrases) associated with the concept.  

UMLS Semantic Network categorizes Metathesaurus concepts into categories called 

semantic types and provides relationships between these concepts in the form of semantic 

relationships. There are 135 semantic types and 54 relationships. Each concept in the 

Metathesaurus is assigned to at least one "semantic type", and certain "semantic 

relationships" may obtain between members of the various Semantic types. The major 

semantic types are organisms, anatomical structures, biologic functions, chemicals, events, 

physical objects, and concepts or ideas. For example the ‘Angina Pectoris’ is assigned to 

semantic type ‘disease or syndrome’. The different kinds of semantic relationships include an 

"is a" link, a "physically related to” link, and a “functionally related to” link.  
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Table 2-2. UMLS concept and its concept instances 

Concept 

ID 

Concept 

Name 

Concept Instances 

C0002962 angina 

pectoris 

angina Pectoris 

angina 

anginal Pain 

angor Pectoris 

stenocardia 

stenocardias 

snginal syndrome 

cardiac angina 

ischemic heart disease - angina 

ischaemic heart disease - angina 

AP - angina pectoris 

ischemic chest pain 

ischaemic chest pain 

 

Systematized Nomenclature of Medicine-Clinical Terms: The Systematized Nomenclature 

of Medicine-Clinical Terms (SNOMED CT) [91] is a comprehensive source for medical 

terms, including clinical abbreviations. The SNOMED CT has more than 311,000 (as of July 

2010) unique concepts, where each SNOMED concept is associated with a unique code, a 

unique name, a preferred term of usage, and its synonyms if there are any. The SNOMED 

concepts are organised in 19 higher-level hierarchies, with each hierarchy having a sub-

hierarchy. The higher level hierarchy includes procedure, pharmaceutical/biologic product 

and clinical finding. The relationships in SNOMED link concepts that exist within a 

hierarchy or across hierarchies. These relationships include “Is A”, "Finding Site" and 

"Associated Morphology". For example the "Is A" relationship is used to create a hierarchical 

relationship between concepts, and the "Finding Site" relationship identifies the part of the 

body affected by the specific disorder. Table 2-3 shows an example SNOMED concept 

‘Angina pectoris’ taken from SNOMED 2008 distribution, and displays its fully specified 

name and several of its English language synonyms. 
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Table 2-3. SNOMED CT concept and its concept instances 

Concept ID Concept Name Concept Instances 

367416001 angina pectoris (disorder) angina pectoris (disorder) 

angina 

angina pectoris 

Open Access Collaboratives’ Consumer Health Vocabulary: The Open Access 

Collaboratives’ Consumer Health Vocabulary [92] (CHV) provides consumer-specific 

medical terms and concepts. CHV links technical terms or jargon used by health care 

professionals e.g. ‘myocardial infarction’ with consumer health specific words and 

phrases e.g. ‘heart attack’. The CHV provides 152,779 (in May 2010 release) consumer-

specific medical terms and their matching concepts within the UMLS. Each CHV 

concept has a consumer friendly display name, also called the CHV preferred term. The 

consumer-friendly display names are selected by systematically reviewing candidates 

selected from MedlinePlus consumer queries. These consumer phrases are mapped to 

clinical concepts within the UMLS, which represents the language of clinicians [39]. 

Each term in CHV has four associated familiarity scores: a frequency-based term score 

(calculated by a Support-Vector Machine model based on term occurrence frequency in 

several health text corpora), a context-based term score (calculated based on term co-

occurrence patterns in a health-specific query log data), a context-based concept score 

(calculated on the basis of concept co-occurrences in medical literature and log data as 

well as semantic relations in medical vocabularies) and a combo-score (combination of 

frequency, context and CUI scores). The term scores reflect the string-level difficulty to 

estimate the likelihood the term will be recognized by an average consumer. The 

concept score estimates the concept-level difficulty for consumers. The scores range 

between 0 and 1, with a score of 0.8 to 1.0 representing “likely”, 0.5 to 0.8 “somewhat 

likely” and below 0.5 “not likely” for a term to be familiar to a consumer. Some CHV 

terms do not have scores assigned (indicated as a -1). A few concepts are also associated 

with explanation text if available. Table 2-4 shows the CHV entry for UMLS concept 

‘Angina Pectoris’ and its related scores and explanation.  
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Table 2-4. Example CHV record 

Concept 

ID 

UMLS 

Preferred 

Name 

CHV 

Preferre

d Name 

Explanation Term Frequency 

Score 

Context 

Score 

Concept 

Score 

Combo 

Score 

C0002962 angina 

pectoris 

angina chest pain 

caused by 

coronary 

heart disease 

angina 0.64083931 0.9 0.5236 0.688146437 

angina pain -1 -1 0.5236 0.5236 

angina pectori -1 -1 0.5236 0.5236 

angina pectories -1 -1 0.5236 0.5236 

angina pectoris 0.499218831 0.6667 0.5236 0.563172944 

anginal pain -1 -1 0.5236 0.5236 

anginal syndrome -1 -1 0.5236 0.5236 

anginas -1 -1 0.5236 0.5236 

angor pectoris -1 -1 0.5236 0.5236 

cardiac angina -1 -1 0.5236 0.5236 

ischemic chest pain -1 -1 0.5236 0.5236 

pain angina -1 -1 0.5236 0.5236 

pectoris angina -1 -1 0.5236 0.5236 

stenocardia -1 -1 0.5236 0.5236 
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WordNet: WordNet is a freely available large lexical database for English language, 

which groups similar words into sets of synonyms, or synsets, and tracks their semantic 

relationships. In WordNet, words and their relationships to each other are organized in a 

hierarchical manner similar to the taxonomies found in the natural sciences. The latest 

version of WordNet (3.0) contains over 155,000 words, which are grouped into about 

117,000 synsets categorized into hierarchies. Words which are closely related to each 

other will be found in the same branch of the hierarchy's tree. Each word belongs to a 

set of synonyms, also known as a synset. These synsets are the foundation upon which 

the WordNet database is constructed. Formally, a synset is a set of one or more 

synonymous words that may be substituted for each other in context without changing 

the overall meaning of the sentence in which they are contained [93]. Applications of 

the WordNet include information retrieval, question answering, information extraction, 

summarization and solving other language processing problems [94]. In addition, this 

resource may be used in conjunction with other concept representations like UMLS, that 

do not include all word-level synonyms and permutations in health concepts, providing 

another component to medical concept representation and retrieval. For example, chest 

is not only related to its health-related synsets but is also related to chest of drawer 

which is based on furniture rather than anatomy. Table 2-5 shows the WordNet entry for 

Angina Pectoris, and displays its synsets. 

Table 2-5. Example WordNet record 

Word Part of Speech Definition Synsets 

angina pectoris noun a heart condition marked by 

paroxysms of chest pain due to 

reduced oxygen to the heart 

angina pectoris 

angina 

2.2. Readability of Health Information 

According to McLaughlin [95] readability refers to: 

The degree to which a given class of people find certain reading matter 

compelling and comprehensible 
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Dale and Chall [96] provide a more comprehensive definition of readability as: 

The sum total (including all the interactions) of all those elements within a 

given piece of printed material that affect the success a group of readers 

have with it. The success is the extent to which they understand it, read it at 

optimal speed, and find it interesting. 

Written material is a primary means of providing information to patients and clients [97]; 

however, many people have some difficulty comprehending written health care material [98]. 

Regardless of the reading ability of the targeted group, materials written at readability levels 

of sixth to eighth grade are more effective in conveying health messages and have higher 

rates of recall [99], thus it is recommended that health education materials developed for the 

general public be readable between sixth to eighth grade levels [100]. 

As discussed above, readability is the ease with which a person can read and understand the 

written text. It can be measured by using mathematical formulas. Such readability formulas 

have been used in the health domain to assess the difficulty level of text. The next subsection 

provides an overview of readability formulas commonly employed in assessing readability of 

health-related text. 

2.2.1. Readability Formulas in Health Care 

Readability formulas are multiple regression equations which provide a quantitative estimate 

of the reading ability required to understand a given piece of text by examining factors such 

as word length, sentence length, and complexity of vocabulary [101]. The estimate is 

represented as a grade level, interpreted as a number of years of education needed to 

understand a given text.  

Ley and Florio [101] presented a review of the readability formulas frequently used in 

assessment of written health  materials and summarized in  Table 2-6. Overall, these formulas 

associate higher readability level, or higher reading ease to text having shorter words and 

shorter sentences, paired with no or few complex terms. Shorter words are considered to be 

those that contain few syllables. To compute readability scores, these formulas can be 

employed manually or automatically by using available software and online readability tools. 

For example, Microsoft Word offers readability assessment using Flesch–Kincaid Grade 

Level and Flesch Reading Ease scores. 
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Table 2-6. Readability formulas in healthcare 

Formula Name Formula 

Flesch Reading 

Ease  [102] 

Reading Ease  (RE) Scale* = 206.835- 0.846 wl- 1.015 sl 

where:  wl = number of syllables per 100 words (average word length) 

 sl= number of words per sentence (average sentence length) 
*Range from 0 (unreadable) to 100(very easy to read) 

SMOG [103] Reading Grade Level = 3 + √Iw30 

where: √Iw30 = square root of the number of words of three or more 

syllables per 30 sentences* 

*Three sets of 10 consecutive sentences (one from the beginning, one form the 

middle, and one from the end of the text)  

Fry Readability 

Graph [104] 

1. Take 3 samples of 100-word passages randomly.  

2. Divide the number of sentences by 3 

3. Divide the number of syllables by 3 

4. Use the result from step 2 and 3 to calculate readability from 

Fry Graph 

Gunning FOG 

Index [105] 

Reading Grade Level = 0.4 (sl + ppsw) 

where: sl = number of words per sentence (average sentence length) 

ppsw = percentage of words which are three or more syllables in      

length (with some exceptions) 

Flesch-Kincaid 

[106] 

Reading Grade Level = 0.39 sl + 11.8 spw - 15.59 

where: sl = number of words per sentence (average sentence length) 

  spw = number of syllables per word (average word length) 

New Dalle-Chall 

[107] 

Reading Grade Level*   = 0.1579 D + 0.496 sl+ 3.6365 

where: D = percentage of words not in Dale list of 3,000 words(i.e. 

difficult words) 

  sl =  number of words in a sentence (average sentence length) 
*A table has to be used to calculate actual grade level which represents number of 

years of education required to understand  text above the 3rd grade level 
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Although readability formulas are designed to provide an estimate of text difficulty, they 

have been criticized for relying solely on text properties such as word and sentence length 

[108]. Firstly, these formulas ignore possible factors such as reader motivation and prior 

knowledge which may influence readability and comprehension. For instance, the difficulty 

of monosyllabic clinical words (e.g. gut) may be underestimated by readability formulas. In 

addition, the name of an unknown disease in a text may impose a readability barrier 

regardless of the readability of other information in the text. Secondly, these formulas do not 

take into account the potential effects of diagrams, illustrations, or design. Text accompanied 

by tailored visuals are thought to  improve the readability of health information [100, 109]. 

Finally, the readability formulas estimate text difficulty without paying attention to 

formatting variables (e.g., layout, font, captions) that may affect readability. For example, 

black print on a white background assists readability as does larger font sizes [100]. Thus 

when assessing the readability of health information, a readability score is only a one piece of 

the puzzle; it is important to also consider the readers’ prior knowledge and the difficulty of 

the underlying clinical concept.  

2.2.2. Related Work in Readability Support for Health Information 

In this subsection, systems designed to support readability and information retrieval needs of 

health providers or consumers are reviewed. In Table 2-7, different features of these systems 

are summarized. 

Prototype Translator: Zeng-Treitler et al. [110] designed and implemented a prototype text 

translator to make clinical reports more comprehensible for consumers. The translator uses 

CHV to identify difficult terms and replace them with their synonyms and also inserts 

explanations.  The translator uses HITEx to parse EHR reports to identify UMLS concepts in 

the text. The CHV’s consumer-friendly display name for the identified UMLS concept is 

used to replace the original term and if a term or its replacement has a familiarity score 

(based on CHV scores) below a threshold, the application generates explanatory phrases. The 

explanations are generated based on the semantic relations in UMLS by searching two levels 

of hierarchical relationships for ancestors or descendents with more comprehensible names. 

The majority of translations by the prototype translator were found to be correct and helpful 

by expert review. However, user evaluation demonstrated no significant comprehension 

improvement with translated reports. 
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Defining Unfamiliar Terms: Elhadad [111] also presented a system aiming to improve lay 

readers’ comprehension of medical literature by automatically providing definitions for 

unfamiliar terms in the text. The unfamiliar terminology is predicted by measuring the term 

frequency count from the Reuters Health corpus (representing  texts that are likely to be 

understood by a lay reader), the familiarity index provided by the MRC Psycholinguistic 

Database, and by classifying all abbreviations as incomprehensible. The identified unfamiliar 

terms are linked with an appropriate medical definition from Google by counting the ratio of 

UMLS terms to retrieved definitions. The system resulted in significant improvement in the 

comprehension of clinical text for lay readers. 

Technical Article Summarizer: Elhadad et al. [112] developed the Technical Article 

Summarizer (TAS) to automatically generate tailored summaries of the relevant medical 

literature for both physicians and lay consumers by using text mining, extraction and 

generation. For physicians, TAS takes input information from a patient’s Electronic Health 

Record (EHR), the user query and a set of clinical studies to generate a summary with 

highlighted information relevant to the patient being treated. For lay users, the TAS does not 

take data from the patient record, but retrieves full text resources relevant to the user query 

from authoritative consumer Web sites. User studies of TAS demonstrated a higher level of 

satisfaction among physicians and enabled lay consumers to quickly identify related 

information.  

Pictographs: Specifically for discharge summaries, the only work we found on facilitating 

the comprehension and recall of discharge instructions is the use of pictographs within these 

instructions [109, 113]. In the initial prototype [109], a set of pictographs for major post-

discharge self care domains was developed through a participatory design process with a 

graphic designer, a nurse and consumer participants. Some excellent example of pictographs 

can be found in [113]. The evaluations of pictograph enhancement in discharge instruction 

resulted in better recall rates among consumers. A further survey found that a large number of 

consumers could recognize the meaning of pictographs developed to improve comprehension 

of discharge instructions [113]. 

Infobuttons: Infobuttons were developed to improve online access of health information 

resources by embedding context-specific links in EHR [114]. Infobuttons use context-

sensitive information and patient data extracted from EHR systems to predict the information 

needs of physicians. Infobuttons are normally placed adjacent to common clinical data 
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elements (e.g., medication orders, laboratory results) in an EHR system and use the context 

information and patient data to provide the user with a list of topics and questions about the 

data element under consideration. In addition, when the user selects one of the topics, 

Infobuttons returns a Web page with search results or a specific document. "Infobutton 

Manager" introduces the concepts of open hypermedia in Infobuttons by creating and 

introducing links in a knowledge base that is independent of the EHR system [115] . The 

knowledge base contains a set of rules to determine the set of resources and topics that might 

be relevant in a given context [114, 116]. This approach allows links to be created or 

modified transparent to the Infobutton program in EHR. Studies have demonstrated the 

effectiveness of Infobuttons in fulfilling information needs of clinicians at the point of care  

[117] and having positive effects on patient care decisions [118]. Further enhancements in 

Infobuttons are the introduction of “topic links” to provide users with topic specific links 

[119] and  the use of classification models with machine learning techniques. Topic links 

allowed users to find answers to their questions more quickly (17% less time) than 

nonspecific links [119] and machine learning techniques were found to be effective in 

producing classification models for the prediction of content topics and information resources 

for a particular Infobutton context [120].  

As discussed above, Infobuttons are more commonly used to meet physicians’ than patients’ 

information needs. However, Barto et al. developed a prototype application of Infobuttons to 

facilitate patients’ understanding of their Pap smear reports [121]. This application provides 

explanation of terms, links to findings-specific Web resources and general resources related 

to Pap smears. For this application, patient information needs were gathered by a survey and 

the list of concepts covered by the application was collected from the “Diagnosis” section of 

one thousand Pap smear reports. 

Intelligent Consumer-Centric Electronic Medical Record: Like Infobuttons, intelligent 

consumer-centric electronic medical record (iCEMR) [122] facilitates the information needs 

of consumers by recommending relevant Web pages about home medical products using  

expert system and Web search technologies in a Web-based EHR. iCEMR automatically 

extracts the preliminary set of user topics (i.e. disease, symptoms, and other medical 

conditions and healthcare needs) from the EHR and uses medical knowledge to convert the 

extracted information into a set of “search guide information” to retrieve personalized 

recommendations. The iCEMR also provides users with explanation of difficult medical 
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concepts. The iCEMR significantly improved user satisfaction by recommending home 

medical products as compared to the keyword-based search. 

Health Topic Overview: One approach to facilitate the readability and navigation of online 

health information is the organization of information in Web pages by providing a Health 

Topic Overview [123]. HTO organize and group the information in Web pages into consumer 

preferred categories in a form of a topic overview. For this purpose, HTO uses NLP 

techniques with CHV and UMLS to semantically categorize body parts, diseases and injuries, 

drugs and chemicals, and medical procedures. These categories are used to dynamically 

generate topic overviews which are displayed as hyperlinks alongside the original document. 

The HTO system has been found to identify and categorize health phrases in consumer health 

Web pages with good precision. 

Dante: Yesilada et al. [124] use semantic annotations to support visually impaired Web 

travellers. Dante annotates Web pages semi-automatically with a travel ontology, which 

models the structure and navigation of Web pages. The semantic annotations are used to 

initiate automatic fragmentation of Web pages into a number of smaller and structurally 

simpler pages. The evaluation showed that semantic annotations can be used to produce 

fragmented pages which provide better Web mobility as compared to original Web pages. 

National electronic Library of Infection: The health portal of the National electronic 

Library of Infection (NeLI) (www.neli.org.uk) is an example of using semantic annotation 

and users profiles to provide contextualized browsing for health professionals [125]. The 

NeLI ontology models the infectious disease domain for semantic annotation. RDF 

annotations are produced by using NLP in GATE to subsequently highlight the terms being 

visited in Web pages and to add dynamic links to related pages within the portal. The 

dynamic links further provide a semantic search facility to retrieve resources for broader, 

narrower and related terms based on ontological and taxonomical relationships. In addition, a 

query builder from the highlighted terms is also provided to query external resources such as 

Google and PubMed. Evaluation of the vocabulary based annotation in NeLI demonstrated 

over 96% correct annotations.   

http://www.neli.org.uk/


Chapter 2. Background and Related Work 

32 
 

Table 2-7. Readability support systems 

System Medical 

Domain 

User Health 

Data 

Output Technology 

Prototype 

Translator 

EHR consumer clinical 
reports 

translated report, 
explanations 

NLP, CHV, UMLS 

Defining 

Unfamiliar 

Terms 

clinical 

text 

consumers clinical text definitions for 
difficult terms 

linguistic 
techniques 

TAS articles, 

Web 

pages 

clinicians, 

consumers 

EHR, 

clinical 

studies 

tailored 

summaries 

text extraction, 

categorization, 

user modelling 

Pictographs discharge 

summary 

consumer discharge 

summary 

discharge 

summary with 

pictographs 

pictographs 

Infobuttons EHR data clinicians, 

patients 

EHR hyperlinks, 

explanations 

rule-base, machine 

learning, open 

hypermedia 

iCEMR home 

medical 

products 

consumers EHR, Web 

pages 

recommendations NLP, rule-base 

HTO consumer 

Web 

pages 

consumer Web page health topics NLP, UMLS, CHV 

Dante visually 

impaired  

consumer Web pages fragmented Web 

pages 

semantic 

annotation 

NeLI infectious 

diseases 

health 

profess-

sionals 

health 

portal 

contextualized 

browsing 

NLP, semantic 

annotation, 

semantic 

hypermedia 



Chapter 2. Background and Related Work 

33 
 

2.3. Clinical Decision Support Systems 

According to Turban et al. [126] decision support systems (DSS) constitute a class of 

computer-based information systems that support decision-making activities. Clinical 

decision support systems (CDSSs) are a specific subclass of DSS designed to improve 

clinical decision making. Hunt et al. [127] defined CDSS as: 

Any software designed to directly aid in clinical decision making in which 

characteristics of individual patients are matched to a computerised 

knowledge base for the purpose of generating patient-specific assessments 

or recommendations that are then presented to clinicians for 

consideration. 

Functionally speaking, CDSS compare the characteristics of a patient with a medical 

knowledge base and then software algorithms guide a practitioner by generating patient-

specific assessments or recommendations [128]. According to van Bemmel and Musen [129], 

the main reasons for using CDSS are to reduce the amount and consequences of human 

errors, to automate routine tasks, to cope with information overload and to disseminate 

clinical guidelines. The key features as identified by Kawamoto et al. [130] for a successful 

CDSS are: automatic and proactive provision of decision support as part of clinician 

workflow, provision of recommendations rather than just assessments, provision of timely 

decision support and computer based decision support. Furthermore, it has been noted that 

CDSS which generate a large number of inappropriate alerts cause “alert fatigue” and hence 

are frequently overridden by clinicians [131]. However, CDSSs generating high severity 

alerts have been observed to have higher rates of acceptance by clinicians [132]. 

CDSS applications are mainly classified as active or passive clinical decision support (CDS) 

applications. Active CDS applications leverage existing information and present patient-

specific information to the user. Passive CDS applications require input by the user to 

generate output. Musen [133] further categorizes CDSS functions in three categories: 1) tools 

for information management, 2) tools for focusing attention and 3) tools for patient specific 

recommendations. The last of these CDSS tools generate custom-tailored assessments or 

advice based on patient specific data to assist users with making decisions. These types of 

CDSS exhibit a range of capabilities from diagnosis [134], and prescription recommendations 

[135] to tailored patient advice [136].  

http://en.wikipedia.org/wiki/Information_system
http://en.wikipedia.org/wiki/Decision-making
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2.3.1. Natural Language Processing for Clinical Decision Support 

CDSS are found to be more effective when they access EHR data that can trigger reminders 

or alerts automatically as situations arise that require physician action. However, much of the 

data that could support CDS, for example discharge summaries, radiology reports and clinical 

notes, are in narrative form and therefore cannot be leveraged by CDS system without NLP.  

Functionally speaking, the NLP application which is integrated with a CDSS monitors the 

EHR for insertion of new data into specific fields and activates the basic processing pipeline 

to find the relevant concepts in the input text. The presence of relevant concepts triggers the 

decision rules of CDSS that generate recommendations for the user to consider. These 

applications could also use general purpose NLP tools, for example GATE, for basic NLP 

tasks [137].   

Both active and passive CDS systems process a variety of textual sources, such as clinical 

records, biomedical literature and Web pages. A subfield of NLP is Natural Language 

Generation (NLG) that takes structured data in a knowledge base as input and produces 

natural language text [138]. One potential use of NLG is to generate texts from the formal 

knowledge that help patients in making decisions. A number of NLG systems have been 

developed to produce informational texts for patients. In the rest of the subsection, we present 

an overview of the NLP based CDSS which aim to produce informational text for health 

consumers. Table 2-8 summarises different characteristics of these systems. 

HealthDoc: DiMarco  [136] developed a Web based authoring tool, HealthDoc, that takes 

input from patient EHR to assist clinicians in producing educational material for consumers. 

HealthDoc was primarily developed for the domain of reconstructive breast surgery to 

educate patients about illness management and general health condition. HealthDoc takes 

structured input from authors and relies on a pre-authored library of reusable text with NLG 

techniques to automatically select, assemble, and edit the context to produce a customized 

version for an individual patient.  

Patient Information Language Localization System: Similar to HealthDoc, Patient 

Information Language Localization System (PILLS) is also designed as an authoring tool to 

generate patient information leaflets in multiple languages for pharmaceutical products. 

PILLS use NLG techniques with a document model and ontology. The domain knowledge in 

PILLS has been imported from the UMLS and stored in a knowledge base. PILLS allows 

authors to write a document by selecting the appropriate concepts from the knowledge base. 
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The selected concepts are linked to their linguistic representation to automatically generate 

the text in a wysiwym (You See Is What You Meant editing) editor. However, PILLS 

generates information text from product data rather than EHR. 

Optimization of Drug Prescription using Advanced Informatics: De Carolis et al. [139] 

demonstrated the generation of personalized leaflets about drugs to accompany prescriptions 

in project Optimization of Drug Prescription using Advanced Informatics(OPADE). OPADE 

uses text planning techniques with a drugs knowledge-base to generate personalized and 

prescription-specific leaflets. Information needs in OPADE were collected by user surveys 

and interviews with health professionals to find topics patients might prefer. 

Grampian Asthma Study of Integrated Care: Osman et al. [140] used NLG to generate 

tailored booklets for asthma patients in Grampian Asthma Study of Integrated Care 

(GRASSIC). The text generation in GRASSIC is achieved by using mail-merge techniques 

with smoking information taken from patients’ health records. The system was evaluated in a 

large randomized clinical trial with 801 adult asthma patients by comparing outcomes over 

12 months between patients receiving enhanced education via generated booklets and patients 

receiving conventional oral education. The results showed that the group who received the 

personalised booklets had 54% fewer hospital admissions than the patient receiving 

conventional oral education.  

Smoking Termination with cOmputerised Personalisation: Similar to GRASSIC, Reiter 

et al. [141] adopted the text generation in the Smoking Termination with cOmputerised 

Personalisation (STOP) system to help people stop smoking. STOP uses NLG, document 

planning techniques and patient schemas to produce tailored smoking cessation letters for 

consumers. STOP takes basic patient information, such as age and sex, from the patient’s 

medical record, and information about health and smoking habits from a questionnaire. The 

effectiveness of STOP letters was measured in a randomized controlled trial which showed 

the STOP letters to be no more effective than control material. 

Migraine: Buchanan et al. [142, 143] used text planning and user modelling techniques to 

generate tailored information sheets to provide migraine patients with information about their 

disease, possible therapies, and medications. However, rather than using patient’s record for 

personalisation, an initial short computer interview was completed by patients and 

information about diagnoses and therapy entered by a health professional. The system 

contains a knowledge base of possible questions to which decision rules are applied to 
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structure tailored information for patients.  Migraine has been tried out on a small number of 

patients, and the patients' perceptions evaluated by a questionnaire; the patients find the 

system useful and informative.  

Personalized Intelligent Generator of Little Explanatory Text: Rather than generating 

plain text, Binsted et al. [144] developed Personalized Intelligent Generator of Little 

Explanatory Text (PIGLET), to generate tailored explanatory hypertexts for patient 

education. PIGLET generates hypertext explanations for the medical terms in a patient’s 

EHR to facilitate the patient’s comprehension. Hypertext is automatically generated using a 

knowledge base containing basic factual information about diseases and treatments. The 

initial prototype of PIGLET was tested with seven diabetes professionals who gave positive 

responses about PIGLETs’ interface, content, personalization and general usefulness [144]. 

PIGLET has also been evaluated in a controlled trial with 525 cancer patients, where patients 

found the system helpful and showed a significant preference for such personalized 

information [145]. 

Medical HouseCall: Medical HouseCall is an attempt to facilitate the understanding of 

health issues and patient participation in solving medical problems [134]. It retrieves user 

symptoms and medical history from an on-line diagnostic interview and the patient’s medical 

record and uses a knowledge base to generate a differential diagnosis for patients. In addition, 

Medical HouseCall provides alerts for potentially harmful drug interactions, allows recording 

of personal medical history, and offers easy-to-read information about a variety of medical 

topics.   
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Table 2-8. Patient friendly documentation systems 

System Medical 

Domain 

User Health Data Used Method of Capture Output Technology 

HealthDoc reconstructive 
breast surgery 

clinicians patient profile EHR authoring tool to generate 
personalized information 

NLG 

PILLS pharmaceutical 
products 

technical 
authors 

product data patient information 
leaflets 

text editor ontology, knowledge 
base, XML 

OPADE drug 
prescription 

patients treatment, patient 
model 

EHR drug information leaflets knowledge base, text 
planning 

GRASSIC asthma patients smoking status EHR tailored booklets mail-merge 

STOP smoking patients age, sex, smoking 
status 

questionnaire, medical 
record 

tailored smoking cessation 
leaflets 

document planning, 
patient schemas 

Migraine migraine patients symptoms, problems 
and treatments. 

on-line questionnaire, 
structured input 

adapted hypertext 
information 

text planning, 
hypertext 

PIGLET diabetes,  
cancer 

patients problems, treatments, 
measurements, 
personal data 

EHR hypertext information,  
personal reminders 

text plans, hypertext, 
knowledge base 

Medical 
HouseCall 

general 
healthcare 

patients current diagnosis, EHR on-line diagnostic 
interview, EHR 

diagnostic advice, hyperlinks 
to encyclopaedia. 

knowledge base 
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2.3.2. Ontology and Semantic Annotation Based Clinical Decision Support Systems 

In the context of clinical decision support systems, ontologies have provided a strong cutting-

edge baseline for knowledge-oriented recommendation systems. Such systems use ontologies 

to model health domain concepts, such as diseases, symptoms and drugs, in a conceptual 

model where inference and relationships can be incorporated. This subsection presents the 

recent work which leverages an ontology model with or without semantic annotations for 

clinical decision support specifically for patient specific recommendations and clinical 

authoring support. Different features of these systems are summarised in Table 2-9. 

Baby Care Link: Goldberg et al. [146]  developed an ontology based application, Baby Care 

Link,  to improve the prescription of educational resources to patients. The ontology contains 

a set of terminological axioms describing prototypical premature infants, common presenting 

problems, and usual therapies. Baby Care Link adopts a knowledge centric approach with 

description logic in a Web-based editing workbench which uses patient instances to identify 

and recommend educational resources to parents. The editor interface uses concepts from 

ontology to create a set of templates for clinicians. Clinicians further use these templates to 

create a description of a baby to be used in a search query which returns instances containing 

URIs of educational resources that match specified criteria. In initial testing domain experts 

found Baby Care Link plug-in a useful tool.  

Active Semantic Electronic Medical Record: Sheth et al. [33] incorporated automatic 

semantic annotations in Active Semantic Electronic Medical Record (ASEMR) to assist 

clinicians in accurate completion of patients’ documents. ASEMR takes input from EHR and 

uses NLP and OWL ontologies (covering practice, drugs, diagnoses and procedure concepts) 

to produce semantic annotations. These annotations are leveraged by a CDSS which uses 

RDF data query language to offer suggestions if a rule in broken. ASEMR allows the user to 

document patient encounters and in return provides the best possible ICD-9 code for the 

treatment type and preferred drug based on drug and patient insurance information. ASEMR 

has been deployed and in daily use for managing all patients records at the Athens Heart 

Center since December 2005 and has resulted in expediting the patient documentation 

process and improving the correctness of medical coding.  

Structured Document Template: Like ASEMR, Kashyap et al. [48] proposed a semantic 

annotation based approach to assist physicians in creating diabetes-specific structured 
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documentations. Semantic annotations are used to annotate the ontology concepts in a 

reference ontology using NLP. The reference ontology is based on various sections in a 

SOAP (subjective, objective, assessment and plan) note and also includes generic categories 

such as Past Medical History, Medications, Physical Exam, Test Results, Assessment and 

Plan. 

Health-e-Child: Semantic annotations are also introduced in the Health-e-Child project [34, 

147] to map patient data onto relevant fragments of ontologies to facilitate grouping, 

clustering and visualization of similar patients. Patient information (for example gender, 

location and family history) is annotated using UMLS as the primary source of semantic data. 

The annotated information is transformed into OWL DL representation. The annotations are 

further used for structuring and classifying the patient records using the OWL DL description 

language and class-based reasoning. Clinicians found semantic visualization of similar 

patients to be very helpful in finding context relevant medical decisions and experiences 

[147].  

Information Extraction from Clinical Data: Similar to the Health-e-Child project, 

Mykowiecka et al. [79] presented a system to transform Polish clinical text into structural 

templates for mammography reports and hospital records of diabetic patients. The auto-filled 

templates are further inserted into a relational database to facilitate searching. A domain 

ontology is defined to specify the information that should be extracted from the clinical text. 

In addition, IE grammars are used to process documents and fill in templates provided by the 

ontology based models. On evaluation the templates achieved a good precision and recall.   

Hospital Care Watch: Payne et al. [148] designed an ontology based prototype medical 

intelligent assistant, Hospital Care Watch (HCW), to reduce medical errors in the hospital 

setting. The ontology includes concepts of hospital care including hospital activities, 

procedures, policies, and insurance policies. HCW uses a rule base to generate alerts when a 

potential problem is detected.  

Breast Cancer Follow-up Decision Support System: Abidi [36] designed and implemented 

Breast Cancer Follow-up Decision Support System (BCF-DSS) to support family physicians 

in providing follow up treatment  according to clinical practice guidelines and in providing 

customized educational information for patients. BCF-DSS uses clinical practice guideline 

knowledge and patient information modeled in ontologies and a rule base to provide patient 

specific recommendations to the user. Decision rules are executed using a logic-based 
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inference engine by taking patient properties (for example age, gender, medical history) from 

ontology as input. These rules are used to produce a set of recommendations. A justification 

trace is also produces to explain the reasons for the proposed recommendations. 

SemMed: Similar to BCF-DSS, SemMed [135] is designed as an ontology based CDSS to 

assist healthcare professionals in medications prescription. The ontology model consists of 

concepts related to medication prescription, for example diseases, medications and allergies. 

SemMed takes structured input of a patient’s disease, drugs taken and allergies, and returns 

all the possible drugs to prescribe, according to the criteria as specified in the ontology and 

rule base. The possible drugs are retrieved by obtaining all the drugs used to treat the specific 

sickness, and which do not interact with each other, as well as considering medicines already 

being taken and allergies of the patient. 

SemPath: Alexandrou et al. [149] designed – SemPath – for automation of a personalized 

clinical pathway for each patient at the time of consultation. SemPath uses clinical pathway 

ontology and patient states with the underlying knowledge base to create a semantic rule 

base. During the execution time, SemPath applies the rules using the information collected to 

provide decisions and recommendations for the next steps of the treatment.  
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Table 2-9. Clinical recommendation systems  

System Medical Domain User Health Data Used Method of 
Capture 

Output Technology 

Baby Care 
Link 

neonatology clinician baby description structured 
input 

authoring 
recommendations 

OWL, knowledge base, 
description logic 

ASEMR cardiology physicians EMR NLP authoring 
recommendations 

ontology, semantic annotation, 
rule-base 

Document 
Template 

diabetes physicians EMR NLP documentation templates ontology, semantic annotation, 
NLP 

Health-
eChild 

tests, procedures, 
brain tumour 

clinicians patient properties NLP visualization of similar 
patients 

OWL, description logic 

IE in clinical 
data 

mammography, 
diabetes 

clinicians   NLP auto-filled templates IE grammars, OWL 

Hospital 
Care Watch 

hospital care health 
professional 

 hospital concepts  not 
specified 

alerts rule base 

BCF-DSS breast cancer clinicians patient properties structured 
input 

follow-up 
recommendations 

OWL, knowledge base, rule 
base, JENA 

SemMed drug prescription physicians disease, drugs, 
allergies 

structured 
Input 

drug recommendations OWL, rule-base 

SemPath clinical pathways clinicians patient states structured 
input 

personalized clinical 
pathways 

OWL, SWRL, rule-base, 
knowledge base 
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Chapter 3. EDS Corpus and Quality Issues 

This chapter presents the results of a two phase analysis of a corpus of EDSs performed to 

identify the problems that impose readability and comprehension barriers for consumers. 

Section 3.1 provides an overview of the electronic discharge (E-discharge) system in New 

Zealand and the corpus of EDSs used in the analysis. Section 3.2 presents the results of the 

first phase, which is a text analysis performed in an automated fashion by measuring the 

syntactic and semantic features of EDSs text. Section 3.3 presents the results of the second 

phase, which is a panel assessment to investigate whether the information in EDSs is of 

optimal quality for successful post-discharge care. Based on the results, section 3.4 discusses 

the implications for the use of computer based support to intervene on readability issues of 

EDSs to overcome patient comprehension deficits.  

3.1. EDS Corpus Overview 

3.1.1. Context 

New Zealand is recognized to be at the forefront in using information to support cost 

effective health service, and is also among the leading developed countries in its use of health 

information technology [28, 150]. Examples include: a National Health Index (NHI) to 

identify patients, a national cancer register, electronic referral systems between primary and 

secondary care, almost 100% usage of computer systems by General Practitioners (GPs), a 

set of integrated clinical pathways, and regional results repositories [28].  

Recently, New Zealand’s National Health IT Board published a plan to grow these solutions 

into an effective nationwide information and technology environment [28]. The plan 

recognizes the importance of the engagement of consumers to improve health care quality 

and to solve related problems through the use of information solutions. For this purpose the 

plan mandates that:  

To achieve high quality health care and improve patient safety, by 2014 

New Zealanders will have a core set of personal health information 

available electronically to them and their treatment providers regardless of 

the setting as they access health services.  
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This goal is envisioned as a “shared care record” that includes a summary of personal health 

records made up of core health information such as patient demographics, current diagnosis 

and problem list, current medications, alerts and allergies, with an access to previous results, 

visits and referrals. The information in the shared care record will be tailored to the needs of 

patients and their health practitioners [28].   

The New Zealand National Health IT board also acknowledges the importance of the 

communication that occurs at the time of discharge. Frequently this communication is via 

EDSs and this is  being acknowledged as the potential starting point for the development of a 

shared care record [151].  

E-Discharge in New Zealand: About half of the hospitals in New Zealand have 

implemented some form of EDS systems. At the completion of a course of in-hospital 

treatment or care, the treating physician or institution summarizes the salient events in an 

EDS. The EDSs are then distributed to health practitioners via HL7 message, or via fax, 

depending on the choice made by the practitioner. Patients are generally given a paper copy 

of the EDS to take with them. To optimize this communication, the National Information 

Clinical Leadership Group, New Zealand, has published high-level requirements for the 

transfer of care from secondary to primary health practitioners and for the provision of 

leadership input to the National Health IT Plan. These requirements focus on clinical 

processes and content and include a  EDS plan with five standards to ensure efficient and safe 

transfer-of-care [151]. One of these standards is:  

The patient/family/caregiver must have informed knowledge of the 

transfer-of-care plan. 

To achieve this standard the patient, family or caregiver should receives a copy of the EDS 

and demonstrate informed knowledge of the transfer-of-care plan [151].  

E-Discharge in Waitemata District Health Board: The Waitemata District Health Board 

(WDHB) is the largest DHB in New Zealand, serving more than 525,000 people. WDHB 

provides health services to the residents of North Shore City, Waitakere City and the Rodney 

districts near Auckland in the North Island of New Zealand and operates North Shore and 

Waitakere Hospitals [152].   

Currently, WDHB is using Orion’s Concerto Medical Applications Portal, which is an 

umbrella technology that creates an integrated hospital information system to provide a 
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secure view of patient data across multiple clinical applications. EDS system in Concerto 

portal allows clinical staff to create an EDS with automatically pre-populated patient’s data 

related to their hospital encounter. The pre-populated data, for example demographics, GP 

details, medications, encounter history and upcoming appointments, is gathered from 

underlying clinical information systems. The system also allows configuring the content and 

layout of the EDS to support the workflow requirements of the organization.  

With the use of EDS system, WDHB’s hospital information system is now routinely sending 

the discharge information electronically to GPs’ patient management systems via HL7 

message and the patients are given a hard copy of EDS at the time of discharge. From 2007, 

WDHB has been involved in a EDS enhancement project to improve transfer of care 

information from hospital to general practice [153]. The proposed improvements for EDS 

include pre-population of EDS data, provision of links from free text in EDS to standard 

terminologies, removal of unused EDS information, and transmission of EDS in PDF format 

to GP’s patient management systems.  

3.1.2. The Data Set 

In the research for this thesis, we have collaborated with WDHB in their ongoing efforts to 

improve the quality of EDSs. We adopted grounded theory methodology [154] to explore the 

possibilities of using information technology to improve the quality of EDSs. In the first step, 

a corpus of two hundred de-identified, randomly selected hard copies of EDSs was collected 

from the clinical data repository of WDHB. This data is used for the analysis of text 

characteristics as well as information quality presented in this chapter and for the design and 

evaluation of the prototypes presented in chapters 4 and 6.  

We retrieved 50 EDSs each from Emergency, Medicine, Surgery and Assessment, Treatment 

& Rehabilitation (AT&R) Services. This sample was collected from a total of 62,674 EDS 

generated in North Shore Hospital and Waitakere Hospital during the period of June 2007 to 

July 2008. The EDSs contains sections such as diagnoses, admission reason, clinical 

management, discharge medications, follow up, procedures, and relevant laboratory results. 

All sections have a combination of complete sentences and bulleted text except for diagnoses 

and discharge medications, which have bulleted text only. The sample data was then 

transformed to electronic format for analysis. For this purpose we scanned the EDSs using 

OCR (optical character recognition) software included in a Hewlett-Packard Scan Jet 2200c 
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scanner. The scanned EDSs were also checked manually by the author for any errors in the 

scanned output.   

3.2. Phase I – Assessing Text Characteristics of EDS  

Phase I of the study analysed the text characteristics of EDSs that impose readability and 

comprehension barrier for consumers with respect to content and readability of its sections in 

terms of text length, grade level complexity, use of abbreviations and noun phrase complexity 

based on the CHV [39].   

3.2.1. Methods 

Study Sample and Design: The readability analysis was performed for the combined text of 

six key sections in EDS documents, which represent the most important information that the 

consumers might be expected to understand. The key sections are diagnoses, clinical 

management, medications, follow-up, advice to patient, and allergies and adverse reactions. 

Three measures were used to assess the text difficulty of EDS content: readability scores, 

abbreviations and familiarity scores. The named entities extraction techniques in NLP were 

adapted for automatically measuring the text characteristics of EDSs contents using GATE 

[40]. In the rest of this subsection we present our strategy of measuring readability scores, 

extracting abbreviations from text and identifying difficult words or phrases in the text.  

Readability Score: The readability score for the all the key sections in EDS corpus was 

measured with the use of the Flesch–Kincaid readability scale [106] using Microsoft Word 

version 2007. Table 3-1 shows examples of Flesch Kincaid readability output for two 

sentences of the NeHTA sample EDS [190]. The total number of characters, words and 

sentences along with the average word length (i.e. number of characters per word) and the 

average sentence length (i.e., number of words per sentence) were also calculated to measure 

the syntactic features of the text. To estimate the amount of written information provided to 

patients about in-hospital and post-discharge care, distribution of word count of advice to 

patient and clinical management section were also calculated. All bulleted texts are 

considered to be a sentence.  
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Table 3-1. Example Discharge Summary Text and Flesch Kincaid readability output 

Example Text Flesch Kincaid 

readability level 

Bronchoscopy performed on 23/03 reviewed haemorrhagic growth 

about 1.5 cm in diameter at right bronchus 2.5 cm distal to the 

tracheal bifurcation.  

 

Confusion resulted in a fall and laceration to right forearm. 

 17.4 

 

 

 

9.5 

 

Abbreviations: Two methods were used to extract abbreviations from EDS text. Firstly, the 

abbreviations defined in SNOMED CT 2008 version for which the abbreviations were 

extracted from the source vocabulary to build an Abbreviation Lexicon by the method 

reported by Liu et al. [155]. This method uses space-delimited hyphens in terms as a marker 

of an abbreviation and its expansion. For example, the abbreviation “DM” is extracted from 

the SNOMED CT as term DM - Diabetes mellitus. Secondly, a list of locally approved 

abbreviations, supplied by the WDHB, was also integrated into the Abbreviation Lexicon.   

The key sections, as described above, in each document in the corpus were processed by 

GATE [40] to calculate the number of abbreviations. Figure 3-1 illustrates the complete 

named entities extraction process in EDS text. The GATE operational model of abbreviation 

recognition is shown in Figure 3-1(a). The text was split into words by the GATE Tokenizer. 

A token is considered to be any word that does not contain punctuation symbols. The 

abbreviation analysis was performed by implementing a custom GATE Gazetteer of the 

Abbreviation Lexicon, which consist of SNOMED CT and WDHB approved abbreviations as 

described above. A JAPE grammar [84] was also written which used output of Tokenizer and 

Gazetteer to extract all ‘unknown abbreviations’ in the text. The definition of ‘unknown 

abbreviation’ is an all-capital-letters word having length of one to seven characters and not 

falling into either of SNOMED CT or approved abbreviations. 

For analyzing abbreviations in clinical management and advice to patient sections, a JAPE 

grammar was written to extract all components of noun phrase that recognized as 

abbreviations. These sections provide information about in-hospital and post-discharge care 

to the patient in free text form. Our hypothesis is that noun phrases comprise the most 
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meaningful content in such text and have a higher percentage of abbreviations and difficult 

words, as compared to other parts of speech, making the entire content difficult to assimilate. 

Figure 3-1(b) shows the GATE operational model of recognizing abbreviations in noun 

phrases. The text was grouped into words by the noun phrase chunker in GATE [156] and the 

JAPE grammar took the output from tokenizer, abbreviation gazetteer and noun phrase 

chunker to identify abbreviations in noun phrases. 

Term Familiarity: The term familiarity analysis was performed by extracting CHV terms 

used in the noun phrases of the clinical management and advice to patient sections. The 

GATE operational model of CHV term recognition is illustrated in Figure 3-1(c), where a 

custom written JAPE grammar extracts all components of noun phrase that mapped to terms 

defined in the CHV. The CHV term and concept familiarity scores were calculated to gauge 

the semantic complexity of the contents. When analyzing scores of CHV terms in noun 

phrases, terms having missing scores (indicated as a -1) terms were excluded. 

 

Figure 3-1. GATE named entities extraction process
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3.2.2. Results 

Readability Scores: The text characteristics of the EDS sections are reported in Table 3-1. 

At the level of text unit length, the total word count differed enormously; the clinical 

management section had a word count 8 times higher than the advice to patients section. The 

advice to patient section used longer sentences as compared to other sections. The shorter 

sentence length of the diagnosis, allergies and adverse reactions text are largely due to 

incomplete sentence and use of abbreviations. On the readability grade level, we found that 

Flesch-Kincaid Grade Level scores vary in different sections. The advice to patient section 

required a grade level of above 6th grade while the diagnoses and follow up sections required 

a grade level above 12th grade.  

Table 3-2. Readability statistics of the EDS corpus 

EDS Section Total Words Words per 
Sentence 

Characters per 
Word 

Flesch-
Kincaid 
Grade Level 

Diagnoses 4079 4.3 5.9 12.3 

Clinical Management 40090 8.9 4.9 8.9 

Medications 9953 10.0 4.8 9.5 

Follow Up 2148 10.4 6.4 12.3 

Advice to Patient 4719 12.3 4.4 6.5 

Allergies and Adverse 

Reactions 

345 1.7 5.7 7.8 

The word count of the advice to patient section is compared to the word counts of the clinical 

management section and of the whole EDS, respectively, as shown in scatter plots (Figures 3-

2 and 3-3). Linear regression was used to model the length of the advice to patient section as 

a function of clinical management and total EDS length. Although somewhat influenced by 

outlier data, the regression, with an R-square (i.e., the square of the correlation coefficient) 

values of 0.0084 in Figure 3-2 and 0.034 in Figure 3-3 give a clear indication of only very 

weak associations. 
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Figure 3-2. Scatter plot of word count of advice to patient and clinical management 

 

 

Figure 3-3. Scatter plot of word count of advice to patient and total word count 

Abbreviations: The percentage of abbreviations used in EDS sections are reported in Figure 

3-4. The bar-graph shows that allergies and adverse reactions have the highest percentage of 

abbreviations followed by medications and diagnoses sections. In the clinical management 

section almost 8% of words were abbreviations. In the advice to patient section almost 4% of 

words were abbreviations (almost 50% lower).  
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Figure 3-4. Abbreviations in EDS sections 

The distribution of number of abbreviations in noun phrases of the advice to patient section 

and clinical management section is shown as scatter plots in Figures 3-5 and 3-6 respectively. 

The R2 for abbreviation count in the clinical management section (Figure 3-5) has a value of 

0.6681, which shows strong association between the variables. By comparison the R2 value of 

0.3607 in Figure 3-6 indicates a weak association of abbreviations count in noun phrases of 

the advice to patient section. 

 

Figure 3-5. Number of abbreviations in noun phrases of clinical management section
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Figure 3-6. Number of abbreviations in noun phrases of advice to patient section 

Familiarity Scores: Three CHV scores in noun phrases of clinical management and advice 

to patient sections are reported in Figure 3-7 and 3-8 respectively. On all three CHV 

measures the scores of noun phrases are lower in clinical management sections than in advice 

to patient sections. The percentages of CHV terms in clinical management sections with  

frequency-based, context-based and concept-based terms scores < 0.5 are 27%, 10%, and 

27% respectively. By contrast, the percentages of CHV terms in advice to patient sections 

with frequency-based, context-based and concept-based terms scores < 0.5 are 10%, 4%, and 

18% respectively. 

 

Figure 3-7. CHV scores in clinical management
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Figure 3-8. CHV scores in advice to patient 

3.3. Phase II – Panel Assessment of EDS  

The panel assessment in this phase assesses the quality of information in EDSs, with respect 

to adequacy and specificity for optimal post-discharge care of patient. The analyses were 

performed to measure the quality and relevancy of written information in the key sections of 

EDSs which are important for continuing management of the patient. 

3.3.1. Methods 

Study Sample and Design: In this study, we included 40 randomly identified EDSs from our 

sample EDS corpus. Random assignment was achieved by manually mixing hard copies of 

EDSs and then selecting the first ten from each specialty.   

A panel was convened consisting of two senior hospital specialists, one each from of 

Emergency and AT&R Services, and an experienced specialist clinical coder from the 

Medical Records department (hereafter Specialist 1, Specialist 2 and Clinical Coder 

respectively), all working with WDHB. The panel gave input on needs assessment and helped 

to create a questionnaire (Appendix A) to be administered to all 40 selected EDSs. The 

questionnaire was designed to measure the quality and relevancy of written information in the 

items identified by previous studies to be important for continuing management of the patient 

[1, 2, 157]. Each panel member examined the printed copies of EDSs individually. Before 

this study began, a pilot on one EDS was carried out where the expert panel examined, 

discussed and tested the evaluation protocol thoroughly in a meeting.  
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Assessment of Quality: All summaries were evaluated for the quality of information using 

yes/no options in the questions for the following key items: diagnosis, relevant medical 

problems, follow-up, advice to GP, relevant results, major interventions, discharge 

destination, referral to other services and advice to the patient. The questions asked the 

specialists whether the information contained in the fields was optimal to support ongoing 

management of the patient in primary care. Concerning the advice to the patient, the 

specialists were asked whether the written information was adequate for patients to manage 

their post discharge self-care. ‘Yes’ was marked for satisfactory and ‘No’ for unsatisfactory 

written information in the respective sections. Not applicable (NA) was entered during the 

data analysis process when the specialist wrote ‘n/a’ or the section was not present in the 

EDS. Generally ‘n/a’ would be written when the section was not present; we have not 

verified whether the specialists entered ‘n/a’ for non-blank sections. These questions were 

also provided with a space for free text comments to be used if a panel member found the 

information quality to be sub-optimal. The aim was to identify the origin of and reason for 

the possible deficiencies in EDSs.  

Assessment of Relevancy: To assess the relevancy of the EDS text, the panel members were 

asked to code the reports using orange, blue and green highlighters. Orange was used to code 

for ‘most important’ content which should be available as a first level of information, green 

for ‘important’ content which should be accessible as a second level of information and blue 

for ‘least important’ content which would be better excluded from the EDS report (and thus 

could be described as ‘irrelevant’). The aim of this colour coding was to perceive the  relative 

importance of the contents in each EDS section for the purpose of ongoing patient 

management in general practice and to provide insight for future EDS enhancements such as 

online hypertext. 

Statistical Analysis: Data were stored and analysed using Microsoft Excel version 2007. 

Forced choice questions and word counts of coloured coding were analysed via descriptive 

statistical analyses. We investigated agreement among the medical specialists for the forced 

choice questions by calculating the total perfect agreement and partial agreement. Differences 

between colour codings were tested for significance using the chi square test. Open ended 

comments about issues of quality of information in significant deficient sections were 

combined to create one note per question and analysed using data driven thematic content 

coding [158]. The free text comments were segmented into sentences or clauses, with each 

segment representing one idea to assign each comment with a descriptive label. Whenever 
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possible, the label was selected from those already existing; otherwise, a new label was 

created.  Then labels were arranged into a two level hierarchal scheme with four branches;  

1. Information quality 

2. Information missing 

3. Ease of access 

4. Language 

The following is an example from information quality hierarchy. 

1. Information quality  

1.1  Incorrect information  

1.2  Insufficient information  

1.3   Irrelevant information  

1.4   No useful information  

1.5   Incomplete information  

3.3.2. Results 

Assessment of Quality: The agreement between medical specialists and clinical coder 

response for the forced choice yes/no questions are shown in Table 3-2. The table shows that 

the medical specialists are in agreement on finding 45% of relevant results, 42% of advice to 

patient, 30% of advice to GP and 20% of follow-up sections to be deficient in quality. The 

clinical coder found that the majority of the advice to patient, advice to GP and follow-up 

sections are not applicable for coding purposes.  
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Table 3-3. Assessment of quality by EDS sections 

EDS Section Medical Specialists Clinical Coder 
 Yes No NA No/Yes  No/ NA Yes/ NA  Yes No NA 

Diagnoses 23 3 0 14 0 0 31 8 1 

Relevant Medical 

Problems 

18 5 2 6 3 6 28 2 10 

Follow up 8 8 3 12 5 4 0 0 40 

Advice to GP 6 12 1 15 4 2 0 1 39 

Relevant Results 4 18 0 11 1 6 24 3 13 

Major Interventions 3 1 15 4 4 13 19 1 20 

Discharge Destination 30 1 0 7 1 1 9 1 30 

Referral to Other 

Services 

8 1 7 3 8 13 0 0 40 

Advice to Patient 6 17 1 14 1 1 3 0 37 

The results of thematic coding focusing on the quality issues of the four sections with the 

most deficiencies, as agreed by both Specialists, are shown in Table 3-3. N is the total 

number of codes assigned for every segment of the comment (see section 3.3.1). Forty-nine 

comments were made about quality issues for the information written in relevant results 

sections. Among 43 codes in information quality category, the most frequent issue was 

irrelevant information e.g. “redundant details”. In missing information category, 3 were 

“missing interpretation” and 3 noted that important results are missing. In ease of access 

category, 7 comments noted that the information is hard to access and 6 noted that the 

information is written in other section, while, one comment was “poor formatting”.   

Sixty-one comments noted information quality issues in advice to patient sections. Among 21 

comments in the information quality category, 10 pointed out that no useful information or 

synopsis was given, 10 noted that advice as incomplete and one noted that advice to patient 

was very brief. Eleven comments pointed out that information was missing (8 times the 

comment was “missing advice” and 3 times the comment was “no advice”). Of the 8 codes in 

language category, 4 pointed to the use of abbreviations, 3 to medical jargon and 1 to a 

spelling mistake.   

Of the 25 labels in the information quality category on GP advice sections, 10 pointed to 

insufficient information, 10 to not useful information (e.g. “no useful information/synopsis”), 
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3 to unclear goals, 1 incorrect information and 1 to incomplete advice. Among 7 labels in the 

missing information category, 5 noted that management advice was missing and 2 noted that 

the field was not present in the EDS. In the ease of access category, both of the comments 

noted that information was written in the clinical management section.   

For the information quality category in the follow up section, 8 times it was noted that follow 

up advice was incomplete, while, 2 comments noted that no useful information was written in 

this section. In the missing information category, 4 comments noted that important 

information was missing (e.g. “clinic not described”). However, in the information access 

category, all 11 comments noted that follow up information was written in the clinical 

management section.   

Table 3-4. Comments regarding deficiencies by category per section 

Themes Relevant Results 
(N=49) 

Advice to 
Patient 
(N=61) 

Advice to GP 
(N=38) 

Follow Up 
(N=32) 

Information Quality 43 21 25 10 

Information Missing 6 11 7 4 

Ease of Access 14 0 2 11 

Assessment of Relevancy: The proportion of the level of importance in EDS documents 

perceived by each panel member is shown in Figure 3-9. The figure shows that there was 

little consensus between the specialists on the relevancy level of the overall EDSs content. 

One clinical specialist marked 69% of the content to be very relevant while other found only 

25% of the information to be very relevant. However, the clinical coder marked only 24% of 

the information to be very relevant for the coding purpose. The percentage of content found 

by the specialists and clinical coder to be excluded from EDS were 9%, 34% and 63% 

respectively. The relevant results contributes to the major portion of irrelevant data and there 

is a statistically significant difference (P<0.01) in the proportion of the relevant contents in 

overall EDSs and laboratory results sections. 
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Figure 3-9. Proportion of importance per EDS section 
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3.4. Quality Issues in EDS 

These studies analysed EDSs with respect to their text characteristics and information quality 

that impose barriers for optimal post-discharge care by GPs and consumers. The results point 

to four key issues impacting on the use and performance of EDSs with respect to post-

discharge care: 

• Inadequate advice to patient: The results of text analyses indicate that the advice to 

patient section of the EDS, while written at an approachable grade level and low 

abbreviation density, is a very brief component and largely uncorrelated to the length of 

the clinical management section or the total length of the EDS. This result is 

complemented by the panel assessment, where medical specialist found 42% of advice to 

patient sections to be deficient in quality, with main reasons being missing and 

incomplete advice and lack of useful information or synopsis given in these sections. 

These results suggest that the advice to patient section does not provide complete 

information about the condition, treatment plan and medication side effects to patients 

but, rather, it is confined to readable ‘stock phrases.’ For example in 31 EDSs the only 

advice for the patient was to “see GP” for any medical concern. Therefore, for optimal 

post-discharge care, patients will in fact have to look outside of the advice to patient 

section in the present EDS documents to find all the information they might need. Lack of 

comprehensive advice and incomplete follow-up information for patients is of great 

importance because patients often discharge with problems that, while improving, are not 

yet resolved and therefore are more vulnerable to adverse events during the hospital-to-

home transition [12]. Our findings agree with other studies on finding missing and 

suboptimal information for patient and families [20, 159]. Suboptimal information has 

been shown to lead to patients’ dissatisfaction with discharge instructions and 

noncompliance [4, 160]. 

• Use of difficult vocabulary: The text analyses indicates that the clinical management 

section, which provides a summary of diagnosis and treatment plan, unsurprisingly, 

exhibits characteristics making its content difficult to understand by a lay person. This 

section, while acceptable by traditional readability measures such as Flesch-Kincaid 

Grade Level, has a higher density of abbreviations than in the advice to patient section 

and a considerable density of noun phrases that are unlikely to be understood by 

consumers based on CHV [39]. These results are in agreement with panel assessment 
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where use of abbreviations and clinical terminology were found in discharge instructions. 

Furthermore, these results also align with similar findings based on characteristics of 

EHR reports [161] use of medical terminologies [4] and abbreviations [11] in clinical text 

that have been found to impose comprehension barriers in other studies [3, 160, 162].  

• Incomplete advice to GP: The panel assessment found that 30% of EDSs provided 

incomplete or incomprehensible management advice to GPs with the main issues being 

missing management advice, lack of useful synopsis, unclear goals and information 

written in an inappropriate section. Allied to patient advice is the need for GP tasks to be 

clear and focus on the follow-up goals of patients. It is a well recognized problem that 

DSs are often found to be inadequate in communicating valuable patient management 

information [18, 163-165] to general practice. Since the discharge summary is the 

primary tool for transferring information, incomplete and inadequate information for 

primary care physicians in these summaries may negatively affect continuity of care and 

contribute to adverse events.   

• Irrelevant information: The panel assessment found that written information in EDSs was 

of inappropriate quality in all fields assessed, with laboratory results as the leading one. 

The most dominant reason for these deficiencies was the inclusion of large amounts of 

irrelevant information in the laboratory results, which comprised 44% of the overall data 

These findings are comparable with those in a recent New Zealand study, where GPs 

considered the laboratory results sections in EDSs to be a ‘data dumping ground’ [18].    

• Incomplete Follow up Advice: The panel assessment further found that 20% of follow up 

sections in EDSs were deficient in quality, with the main reasons being incomplete follow 

up advice, lack of useful information, missing information (e.g. clinic not described) and 

information written in an inappropriate section. These findings agree with other studies 

[18-20] raising concerns about inaccurate and suboptimal follow up information in EDSs. 

A key limitation of the text analysis is that it is purely a computational one utilizing statistical 

and automated term matching characteristics of the data. However, its findings are 

complemented by those of the panel assessments giving the professional judgment of 

physicians and medical records staff on the suitability and completeness of the EDS sections.  

The panel assessment has several limitations of its own. The most significant is its small scale 

in terms of number of patients and doctors. Although the EDS data was limited, the 

agreement level in patient ongoing management sections (patient advice, GP advice and 

follow up) are sufficient to support conclusions on the sub-optimal information quality in 
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these sections. In addition, the panel was made up of professionals with different 

backgrounds, each having different subjective needs. Accordingly, the two specialists 

exhibited substantial individual differences in assessment of EDS content relevancy which 

may be influenced by their individual perspective and values. Furthermore, the panel 

assessment reflects the perceptions of hospital physicians and a clinical coder rather than the 

GPs and patients who are the primary audience of EDSs. This complements a recent study 

[18] with the primary care physicians in WDHB which has shown GPs’ views on EDSs.  

These studies, along with other similar studies [18, 19, 21, 163] demonstrate the importance 

of improving the quality of EDSs to better serve their purpose of supporting a seamless 

transition at the primary-to-secondary care interface and indicate a need to improve the 

written information while focussing on the needs of patients and primary care physicians. 

With respect to consumers, the results exposed two main issues that have the largest impact 

on the quality of the EDS information that impose readability and comprehension barriers for 

consumers:  

1. EDSs contain clinical vocabulary and abbreviations that are unlikely to be understood 

by consumers. 

2. Advice to patient is a brief component of the total document and does not provide 

comprehensive information to patients for managing their post-discharge self-care. 

Since health consumers access EDS contents for self-care, these issues indicate a need to 

improve the readability and information quality of EDS documents for ordinary health 

consumers for optimal post-discharge self care. In the first instance, there should be improved 

emphasis and training of hospital staff with respect to the importance of addressing the 

consumer audience in the EDS. However, we also see an opportunity for computer-based 

support to play an important role in improving readability for the health consumer. We live in 

an increasingly electronic consumer environment where many health consumers access a 

wide range of provider information and services online [26]. If the EDS is presented online, 

then there is potential to provide a degree of support for less readable terms through 

hypertext, both with links to consumer health resources and through the ability to direct a 

question to the primary care physician, the EDS author or another source of support. To 

provide optimal information to patients, electronic decision support has the potential to play a 

role in improving the quality of the advice to patient section. The decision support at the time 

of EDS authoring could assist EDS’s authors to include comprehensive advice to the patient 
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in lay language covering aspects of the treatment plan and self-management (e.g., potential 

medication side effects). The decision support could also provide EDS writers with 

interactive feedback based on the medical concepts in diagnoses, clinical management and/or 

medications to provide specific instructions for self care and follow-up management.  
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Chapter 4. SemLink – Adding Semantic Hyperlinks for EDS 

Consumers 

To alleviate the comprehension problem of EDS text discussed in the previous chapter, a 

prototype system, SemLink, has been developed. SemLink utilizes semantic annotations to 

provide synonyms and automatically generate hyperlinks to the most relevant Web resources 

for the difficult terms in EDS text in order to empower consumers’ health knowledge and 

improve their self-care.   

This chapter is organized as follows. Section 4.1 discusses the motivation and model of 

semantic annotations to provide readability support in EDS text. Section 4.2 describes the 

initial design and simulation algorithm of SemLink. Section 4.3 presents results of 

quantitative analyses of the initial design of the SemLink system. Section 4.4 describes the 

enhanced semantic annotation and hyperlinking design for a revised system. Section 4.5 

describes a desktop evaluation of the revised SemLink system and analyzes how the 

automatic hyperlinking improves the browsing capabilities of consumers for finding related 

health information. Section 4.6 discusses the iterative enhancement protocol and its 

application to the implementation of the final SemLink prototype system. The final prototype 

SemLink system is also described in detail, including the semantic annotation mechanism and 

link generation algorithm.  

4.1. Motivation and Model of Semantic Annotations of EDS Text 

For clinical text such as EDSs, where authors and consumers do not share the same 

vocabulary, the consumers become burdened with the additional task of deciphering the 

terminology. To solve the vocabulary discrepancy between consumers and clinicians, Soergel 

et al. [166] recommended the use of an ‘intermediate layer’ between the two vocabularies. 

Keselman et al. [167] argued that readability for medical text can be achieved by using 

consumer health vocabularies and by facilitating ‘precise information retrieval’ using 

domain-specific search engines with optimal results presentation. 

The SemLink system developed here acts just as an intermediate layer between EDS text and 

the consumer by employing two strategies to mitigate the vocabulary difficulty of free text in 

EDSs: 1) synonym provision and 2) search and retrieval of Web resources. 
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Synonym Provision: Medical concepts often have alternate names (synonyms), one of which 

may be easier for the consumer to understand than others. Linking a term with synonyms and, 

more specifically, providing its more comprehensible synonym may improve comprehension. 

For example, “haemoptysis” is easier to understand if “coughing up blood” is also provided 

in parallel. Similarly the medical abbreviation “OD” in medication intake contexts, is easier 

to understand if “once daily” is also provided. Therefore, one of the strategies to mitigate the 

vocabulary difficult in EDSs is to incorporate semantic annotation to provide consumer-

friendly synonyms for the difficult terms in EDS text.   

Search and Retrieval of Web Resources: Nowadays the Internet is widely used among 

consumers to look for health information [168, 169], and online information has been found 

to affect patient decisions about treatments [170]. However, consumers often experience 

difficulty in finding specific health information online [171, 172] and studies suggest that 

online information is often hard to read for an average consumer [172, 173]. Therefore, 

dynamic hyperlinking to relevant and readable Web content can be used as a knowledge aid 

for consumers about the terminologies used in their EDSs.    

The model of semantic annotations used to employ the above strategies in SemLink is shown 

in Figure 4-1. Two levels of annotations are provided; synonyms and hyperlinks. Synonyms 

incorporate a simple text annotations strategy, while hyperlinks are provided as link 

annotations. The link annotations further utilize semantic hypermedia, which uses the 

taxonomy structure of clinical vocabularies and the knowledge embodied in semantic 

annotations to enhance dynamic hyperlinking. Dynamic hyperlinking can enrich the health 

consumer’s browsing of related online information by providing precise information retrieval 

from trusted Web resources. Thus in SemLink our main design goal is to enrich EDS text 

with semantic information (synonyms and links) and also to manipulate hyperlinks based on 

the information needs of the consumer.  
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Figure 4-1. Semantic annotation model of SemLink 

4.2. Initial System Design 

4.2.1. Resources Used 

The initial SemLink design used CHV as a vocabulary resource, Knowledge and Information 

Management Platform (KIM) [45] as a semantic annotation test bed and MedlinePlus as a 

consumer health portal (see Table 4-1 for an overview) to provide readability and knowledge 

support in EDS text for health consumers. A subset of CHV was created consisting of CHV 

terms with CHV scores less than 0.5, and semantic annotation was performed for this CHV 

subset using KIM. KIM uses GATE [40] for information extraction and performs semantic 

annotation for the extracted named entities in text documents with reference to an ontology 

and knowledge base. This feature of KIM allowed us to identify and annotate CHV terms in 

EDS’s text. The KIM semantic annotations also feature a hyperlink to external Web 

resources, which can be used to provide dynamically selected Web content and thus 

customize online knowledge to better meet user requirements. This feature was used to 

provide automatic linking to related resources on MedlinePlus, a free online consumer health 

portal produced and maintained by the US National Library of Medicine, the National 

Institute of Health, other US government agencies and health related organizations [174, 

175].  In addition, the KIM platform provides a Web user interface (KIM Web UI) to view 

annotated text and its corresponding annotations.  
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Table 4-1. Resources used in initial system design  

Type Resource(s) Name Available Online From 

Clinical Vocabulary Open-Access Collaborative 

Consumer Health Vocabulary 

http://consumerhealthvocab.org 

 

Semantic Annotation 

Platform 

Knowledge and Information 

Management Platform 

http://ontotext.com/kim/index.html 

Consumer Health 

Search Engine 

MedlinePlus  http://medlineplus.gov/ 

4.2.2. Semantic Annotation Architecture 

Semantic annotations in EDS text were performed using default annotation functionalities 

provided by KIM. The KIM platform [22] takes EDS input file in text or HTML format and  

generates the semantic annotations for each target CHV term using its default PROTON 

[176] ontology and a customized KIM knowledge base which we call KIM CHV knowledge 

base. The KIM knowledge base is an RDF repository, which keeps the semantic description 

of entities in the form of instances, relations and attributes. The PROTON ontology was 

extended to include a class “CHV_Preferred_Term” to represent a class for CHV difficult 

terms in the KIM CHV knowledge base. For each target CHV term in our CHV subset, we 

extracted its synonym and CHV preferred term. All CHV preferred terms in our CHV subset 

were included as instances of the class “CHV_Preferred_Term” in the KIM knowledge base 

and all CHV target terms to be extracted and annotated in EDS text were included as aliases 

of a particular instance of a CHV preferred term. In addition a relation was also included in 

the KIM CHV knowledge base to hyperlink each CHV preferred term to MedlinePlus. This 

custom built knowledge base enables us to annotate CHV terms with their preferred display 

names, their synonyms and a hyperlink to the MedlinePlus query interface. An example 

snippet of KIM CHV knowledge base in N3 format [177] for the preferred term ‘coughing up 

blood’ is shown in Figure 4-2. In this example, the named entity recognition process in KIM 

identifies “haemoptysis” as an instance of “coughing up blood” to generate metadata for the 

identified term. The metadata in the knowledge base consist of the CHV preferred term, 

synonyms included as relation “hasAlias”, and hyperlink as a relation “page.” 
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Figure 4-2. KIM knowledge base snippet for the CHV preferred term “coughing up blood” 

4.2.3. Simulation  

The KIM Web interface allows user to view annotated EDS text and their associated 

annotations. Figure 4-4 shows an example of an EDS with its clinical management section 

annotated1 in the KIM Web UI. The annotated CHV terms in the text are highlighted (Figure 

4-3 A). The highlighted terms and phrases were found by the KIM information extraction 

process because they met the inclusion criteria of CHV difficult terms and were present in the 

KIM CHV knowledge base. Clicking on one of the highlighted terms will bring up the full 

metadata of the corresponding annotations in the KIM Explorer as shown in Figure 4-3 B. 

This includes synonyms for the annotated term, with the title of “Synonym”. The phrase 

preceding “CHV Preferred Term” shows the consumer-friendly synonym of the annotated 

term. The last entry, with the title of “Search MedlinePlus”, provides a hyperlink to 

MedlinePlus search results for the annotated term. Clicking on the hyperlink link will open a 

new browser window (Figure 4-4) containing the MedlinePlus search results for the 

corresponding CHV preferred term. We use the query interface of MedlinePlus to provide 

automatic linking to related online resources. For each CHV term, its corresponding CHV 

preferred term was used in the search query to retrieve relevant Web pages. The reason for 

using the CHV preferred term in the search query was that MedlinePlus has a built-in 

thesaurus which automatically adds other synonyms to the search procedure. 

                                                           
1 To preserve confidentiality of patient data, this illustrative Clinical Management section is taken from National Discharge 
Summary: Data Content Specifications published by the National E-Health Transition Authority, Australia.  

<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protont# CHV_Preferred_Term > . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://www.w3.org/2000/01/rdf-schema#label> "coughing up blood" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> <http://www.w3.org/2000/01/rdf-schema#label> "hemoptyses" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> <http://www.w3.org/2000/01/rdf-schema#label> "hemoptysis" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> <http://www.w3.org/2000/01/rdf-schema#label> "blood cough" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> <http://www.w3.org/2000/01/rdf-schema#label> "cough blood" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> <http://www.w3.org/2000/01/rdf-schema#label> "haemoptysis" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> 
<http://www.ontotext.com/kim/2006/05/wkb# coughing up blood> <http://xmlns.com/foaf/0.1/page> <http://localhost/websearch/MedlinePlus.php?id=coughing up blood> . 
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Figure 4-3. Screen shot of an annotated clinical management section in the KIM Web user interface 

 

 

Figure 4-4. MedlinePlus search results for the annotated term “haemoptysis” 



Chapter 4. SemLink – Adding Semantic Hyperlinks for EDS Consumers 

68 
 

4.3. First Simulation Evaluation of SemLink Algorithm 

4.3.1. Methods 

The first simulation evaluation of SemLink was conducted by annotating eight clinical 

management sections from our EDS data (choosing two of median length for each speciality). 

We wanted to measure the utility of the automatic hyperlinking system for assisting 

consumers in retrieving related online resources. For this purpose, the top five MedlinePlus 

search results were indexed for each unique annotated term appearing in any of the eight 

clinical management sections. Then precision, a metric which reflects the share of relevant 

documents in the search results, was calculated for each of the five search results using the 

equation shown below. 

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑖𝑡𝑒𝑚𝑠 

𝑎𝑙𝑙 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑖𝑡𝑒𝑚
 

4.3.2.  Results 

The system identified 117 CHV terms, out of which 112 are unique. For the purpose of 

measuring the relevance of retrieved Web pages, non health specific terms (such as “history, 

unremarkable”) were not considered as MedlinePlus does not provide search results for these 

‘daily-usage’ terms. This resulted in an analysis of search results conducted for 73 annotated 

terms. For each indexed Web page, it was determined whether the searched term or its CHV 

preferred term was present in the page’s title or in the content. Our hypothesis is that if a term 

is in the page title then the retrieved page will provide “more specific information” about the 

searched term. On the other hand, if the term is in page content, than the Web page is likely 

to provide “some information” about the searched term.   

Table 4-2 shows the cumulative average precision after each of top five retrieved Web pages 

(k) under two conditions. Under the first condition, strict, a Web page was only considered 

correct if the term was in the title of the Web page, but under the second, lenient, it was 

considered correct if the Web page contained the term in its content. The results of the 

evaluation show that the system achieved very high average precision (99%) in retrieving 

Web pages under the lenient condition. Although the performance is decreased by 29-40% 

under the strict condition, we see that 70% of the time the first link from MedlinePlus 

provided strict relevance. In addition, we calculate that 79% of search results returned at least 

one strictly relevant Web page among the first five MedlinePlus results.  
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Table 4-2. Cumulative average precision of 73 search results after k Web pages retrieved 

Number of Web Pages Retrieved (k) Strict Lenient 

1 0.70 0.99 

2 0.66 0.99 

3 0.64 0.99 

4 0.62 0.99 

5 0.59 0.99 

4.3.3. Discussion 

The initial design of SemLink aimed to explore semantic annotation in EDS text by providing 

synonyms and automated hyperlinks to relevant MedlinePlus resources from EDS text as a 

knowledge aid for difficult vocabulary in EDSs. In the preliminary evaluation, 99% of Web 

pages suggested for hyperlinking had the targeted term in their body, hence providing some 

related information to the consumer, and 70% of the time the first link from MedlinePlus 

provided strict relevance. In addition, 79% of search results provided at least one strictly 

relevant Web page among the top 5 links. However, judged by the strict criterion that a term 

must appear in the title of the linked page, there is some potential to improve from the current 

mean of 59% precision.  

The first simulation evaluation suggests that semantic annotation augmented with customized 

links to relevant online knowledge sources can aid consumer comprehension of EDS text. 

While such an automated hyperlink capability has the potential to improve consumer 

readability, we also recognize the importance of eliminating redundant results and providing 

more related Web resource to the consumer. We also found that for frequently used 

abbreviations in clinical text, for example ‘IV’ in Figure 4-3, such a readability support is 

needed. The results in this stage are encouraging, but indicate the need for refinement and 

further evaluation, so we decided to extend our methods to incorporate commonly used 

abbreviations in the information extraction process and to automatically select the most 

relevant links from among a set of search results retrieved by one or more health portals. 
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4.4. Revised SemLink Algorithm 

4.4.1. Resources Used 

The revised system utilized the CHV subset created in the initial design, and a list of locally 

approved abbreviations provided by WDHB as lexical resources to produce semantic 

annotations in KIM. The dynamic hyperlinking was extended to use five further consumer 

health search engines as well as MedlinePlus – WebMD, Healthline, Patient UK, Medsafe 

and Yahoo! Health - (see Table 4-2 for an overview). The selected consumer search engines, 

collectively, represent a cross-section of health sources and share a similar focus of 

distributing trusted consumer health information. The suitability of MedlinePlus as an online 

consumer health resource has been discussed in section 4.2.1. WebMD is the leading health 

portal which indexes information regarding health and health care, including a symptom 

checklist, pharmacy information and blogs of physicians with specific topics [178]. 

Healthline is also a leading health information website developed in conjunction with 

physicians and maintained by a team of medical informatics specialists to provide free health 

care information and advice to consumers [174]. Patient UK is designed to provide health 

information to non-medical people, maintained by two general practitioners responsible for 

the patient information leaflet service in the United Kingdom [179]. Medsafe is maintained 

by the New Zealand Medicines and Medical Devices Safety Authority, which is responsible 

for regulating therapeutic products in New Zealand.  The Medsafe website also provides a 

search engine for consumers to find information specifically about therapeutic products 

prescribed in New Zealand [180]. Yahoo! Health is a health-specific search engine which 

provides searchable references containing health information  [174]. 

Table 4-3. Consumer health search engines used in revised system 

 Consumer Health Search Engine Name Available Online From 

MedlinePlus http://medlineplus.gov/ 

 WebMD http://www.webmd.com/ 

 Healthline http://www.healthline.com/ 

 Patient UK http://www.patient.co.uk/ 

 Medsafe http://www.medsafe.govt.nz/Consumers 

 Yahoo!  Health http://health.yahoo.com/ 
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4.4.2. Semantic Annotation Architecture 

The KIM platform takes EDS text as input and generates semantic annotation for each target 

CHV term and abbreviation based on PROTON ontology and KIM CHV knowledge base. In 

the revised system, the PROTON [176] ontology was further extended to include a class 

“Medical_Abbreviation”. The KIM CHV knowledge base was extended to include all the 

long forms of WDHB abbreviations as instances of the class “Medical_Abbreviation”, and all 

the target abbreviations to be extracted and annotated in EDS text as aliases of a particular 

instance of the class Medical_Abbreviation. A snippet of revised KIM knowledge base 

showing abbreviation ‘IV’ and its metadata is shown in Figure 4-5. For creating semantic 

annotations for CHV difficult terms any part of speech is considered, while for abbreviations 

semantic annotations are created in nouns only. For this purpose a JAPE grammar was 

written to create annotations for the class “Medical_Abbreviation” in nouns only. This is 

included in Appendix C. 

<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protont# CHV_Preferred_Term > . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://www.w3.org/2000/01/rdf-schema#label> "coughing up blood" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> <http://www.w3.org/2000/01/rdf-schema#label> "hemoptyses" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13201> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> <http://www.w3.org/2000/01/rdf-schema#label> "hemoptysis" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.13202> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> <http://www.w3.org/2000/01/rdf-schema#label> "blood cough" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15171> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> <http://www.w3.org/2000/01/rdf-schema#label> "cough blood" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.15522> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> <http://www.w3.org/2000/01/rdf-schema#label> "haemoptysis" . 
<http://www.ontotext.com/kim/2006/05/wkb#coughing up blood> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#coughing up blood.16125> . 
<http://www.ontotext.com/kim/2006/05/wkb# coughing up blood> <http://xmlns.com/foaf/0.1/page> <http://localhost/websearch/searchPortals.php?id=coughing up blood> . 
<http://www.ontotext.com/kim/2006/05/wkb#Intravenous> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protont#Medical_Abbreviation> . 
<http://www.ontotext.com/kim/2006/05/wkb#Intravenous> <http://proton.semanticweb.org/2006/05/protons#generatedBy> <http://www.ontotext.com/kim/2006/05/wkb#Gazetteer> .  
<http://www.ontotext.com/kim/2006/05/wkb#Intravenous> <http://www.w3.org/2000/01/rdf-schema#label> "Intravenous" . 

<http://www.ontotext.com/kim/2006/05/wkb#Intravenous.415> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://proton.semanticweb.org/2006/05/protons#Alias> . 

<http://www.ontotext.com/kim/2006/05/wkb#Intravenous.415> <http://www.w3.org/2000/01/rdf-schema#label> "IV " . 

<http://www.ontotext.com/kim/2006/05/wkb#Intravenous> <http://proton.semanticweb.org/2006/05/protons#hasAlias> <http://www.ontotext.com/kim/2006/05/wkb#Intravenous.415> . 

<http://www.ontotext.com/kim/2006/05/wkb#Intravenous > <http://xmlns.com/foaf/0.1/page> <http://localhost/websearch/searchPortals.php?id= Intravenous> . 

Figure 4-5. KIM knowledge base snippet for the CHV difficult term “haemoptysis” and abbreviation 
“IV”. 

4.4.3. Simulation 

The revised simulation was performed in KIM to dynamically annotate difficult terms in EDS 

text as identified by the CHV and a list of locally approved abbreviations. The KIM platform 

generates synonyms and provides the consumer-preferred term as specified by CHV or the 

abbreviation’s long form. It also provides a hyperlink to the most relevant Web resource 

selected from one of the MedlinePlus, WebMD, Healthline, Patient UK, Medsafe and Yahoo! 
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Health indexed resources. Figure 4-6 shows a clinical management section annotated by the 

revised SemLink design. For example in this text, “haemoptysis” and “IV” are found by the 

KIM information extraction process because “haemoptysis” meets the inclusion criteria of a 

CHV difficult term and “IV” is a WDHB abbreviation present in the KIM CHV knowledge 

base. The term “tachypnoea” does not meet the inclusion criteria and therefore is not 

recognized by the KIM information extraction process. For both annotated terms, KIM uses 

the knowledge base snippet as shown in N3 format [177] in Figure  4-5 to link the terms with 

their associated metadata, shown in Figure 4-6 A for “haemoptysis” and in figure 4-6 B for 

“IV”. The popup window includes synonyms for the annotated term with the title of 

“Synonym”, a consumer-friendly name for the annotated term with the title of “Preferred 

Term” and a hyperlink to a selected Web resource with the title of “Search Health Portals”. 

Clicking on the hyperlink will open a new browser window (Figure 4-7) displaying the most 

specific Web resource for the corresponding annotated term. The next subsection discusses 

the algorithm for selecting the most topically relevant page from the indexed search results.  

 

Figure 4-6. Screen shot of an annotated clinical management section in revised system 

 



Chapter 4. SemLink – Adding Semantic Hyperlinks for EDS Consumers 

73 
 

 

Figure 4-7. Selected indexed page hyperlinked for the example annotated term “haemoptysis” 

4.4.4. Algorithm for Creating Hyperlinks  

Our hyperlink selection approach leverages the search engine facilities of six health search 

engines; MedlinePlus, WebMD, Healthline, Yahoo! Health, Patient UK and Medsafe, as 

listed in Table 4-3. As well as the evidence of providing trusted information to consumers, 

each of these Web sites was chosen because of its search interface facility that could be used 

to programmatically select relevant Web resource from indexed resources. The search engine 

interfaces take one or more terms as input and return a list of search results. The search 

results consist of links to related Web pages. We use the consumer-friendly names of the 

annotated terms and their synonyms as the keys for search in the included search engines. All 

the synonyms are combined with the “OR” operator as we want any of the synonyms to 

appear in the results. Our hyperlink generation algorithm, shown in Figure 4-8, helps to 

filter potentially long lists of search results provided by the selected search engines listed in 

Table 4-3, by offering an efficient search and result set filtering mechanism.  
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A PHP script was written to implement this algorithm. Initially the synonyms are retrieved 

from database for the ‘Preferred Term” or “Medical Abbreviation”. Then the search is 

executed for all of the synonyms combined with the ‘OR’ operator. For instance for the term 

‘haemoptysis’, the search is first executed for “coughing up blood OR bloody sputum OR 

haemoptysis OR hemoptysis” by first using the query interface provided by MedlinePlus. 

This returns the first result page with URLs and snippets of text where a keyword match is 

found to the retrieve title specific page. If no title specific page is found then the algorithm 

iterates through the other search engines in the order as listed in Table 4-3. Relevant Web 

pages are selected by using term frequency (TF) [181] as the metric to gauge the relevance of 

Web pages returned by the search engine. The term frequency is a normalization of term 

counts in a given string to prevent a bias towards longer strings. The formula for calculating 

term frequency is: 

𝑇𝐹𝑖 ,𝑗 =
𝑁𝑖 ,𝑗

∑ 𝑁𝑘,𝑗𝑘
 

Where Ni,j is the number of occurrences of the considered term (Ti) or its synonyms in page 

title Pj, and the denominator is the sum of number of occurrences of all terms in page title Pj. 

To calculate the term or synonym frequency we use the synonyms previously extracted for 

input in the search engine query interface.  The title-matching component extracts the titles of 

pages and finds which is most relevant by computing the term frequency of each page. If any 

pages having title term frequency greater than zero are found, the algorithm extracts the URL 

of the page having the highest term frequency and associates it with the annotated term. 

Therefore in the cases where the title-matching component does not return a MedlinePlus 

indexed URL then the same procedure iterates for WebMD, Healthline, Patient UK, Medsafe 

and finally for Yahoo! Health.  

For our example query “coughing up blood OR bloody sputum OR haemoptysis OR 

hemoptysis” the MedlinePlus query interface returns the search results as shown in Figure 4-

9.  For this result the title-matching component finds the first result with a title of “Coughing 

up blood” to be most relevant, and hence associates it with the annotated term “haemoptysis” 

as a hyperlink in our semantic annotation for the health consumer, as shown in Figure 4-7. 
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Figure 4-8. Flowchart of the hyperlink generation algorithm for second simulation evaluation 
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Figure 4-9. MedlinePlus search result screen for the query “Coughing up blood OR bloody sputum OR 
Haemoptysis OR Hemoptysis’  

4.5. Second Simulation Evaluation of SemLink Algorithm 

4.5.1. Methods 

The second simulation evaluation of SemLink was conducted first by running the KIM 

annotation process, and noting the annotations that occurred in our EDS corpus. The EDS 

section used in the evaluation was clinical management, which is the largest free text section 

in EDS. We also measured the density of annotation of CHV terms and abbreviations. More 

specifically, we wanted to measure the efficacy of our dynamic hyperlinking for leading 

consumers to the most relevant online resources. For this purpose, we extracted all annotated 

terms and ran our hyperlinking algorithm (as per Figure 4-8) on them to store and index each 

annotated term along with its selected hyperlinked URL.  
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To measure the performance of our dynamic hyperlinking algorithm we calculated precision 

as the proportion of correct documents in all retrieved documents. We also programmatically 

calculated the SMOG [103] Index of indexed Web pages by using an open source PHP script 

‘PHP Text Statistics’ [182]. This script measures the readability of a Web site content using 

common readability formulas including ‘SMOG Index’. The SMOG index is chosen because 

it has been extensively used to analyze health-oriented literature [103, 183]. It has also been 

recommended that health literature should ideally be written at a SMOG score of 5 or less to 

be understandable by most consumers [184]. For this evaluation, hyperlinked pages were 

distributed into six score categories of 5, 8, 10, 12, 16 and 20 based on their SMOG index, so 

that all pages having a SMOG index less than or equal to 5 were counted in the readability 

category of score 5 and so on. A score of 5 corresponds to a schooling level of completion of 

primary school. The scores of 8 and 10 correspond to the schooling level of secondary and 

junior high school respectively. Completed high school is needed for reading material with a 

score of 12, and tertiary education is required for a score of 16 and above.  

Our protocol was to generate hyperlinks using the algorithm in Figure 4-8 for all difficult 

terms of the 200 clinical management sections and calculate the performance of each 

automatically generated hyperlink as above. In the next subsection, we report the 

performance outcomes and provide analysis of errors.  

4.5.2. Results 

Semantic Annotation Statistics: The statistics of semantic annotations produced by KIM in 

the evaluation corpus is shown in Table 4-4. The total number of words in all the clinical 

management sections of 200 EDSs was 40090. The result shows that KIM identified and 

annotated 6003 CHV difficult terms and abbreviations of which 1504 were unique. The total 

numbers of words in the annotated phrases was 6481. A mean of 30 terms or phrases were 

assigned with semantic description in each clinical management section. 

Table 4-4.  Semantic annotation statistics 

Total Words in Clinical Management 40090 

Total Terms/Phrases Mapped 6003 

Total Words Mapped 6481 

Unique Phrases Mapped 1504 
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Hyperlink Generation Test Metric: To evaluate our hyperlink generation algorithm all 

6003 CHV difficult phrases were considered. The performance of the dynamic hyperlink 

generation in terms of precision is shown in Table 4-5. The results show that our automatic 

hyperlink algorithm achieved a precision of 95% in automatically selecting and linking title-

specific URLs for all the annotated terms in Clinical Management sections.  

The system generated a title-specific hyperlink for a total of 5718 terms. This left a set of 285 

annotated terms for which none of the source search engines could return any title-specific 

page. The most frequently occurring of these terms are listed in Table 4-6. 

Table 4-5.  Results of the hyperlinks evaluation on 6003 annotations 

Hyper-linked  Not Hyper-linked Precision (%) 

5718 285 95.28 

 

Table 4-6. Terms for which no title-specific hyperlink found (cases with frequency>=3) 

Preferred Term Frequency 

Count 

Preferred Term Frequency 

Count 

afebrile 61 beta human chorionic gonadotropin 4 

no abnormality detected 49 neck of femur 4 

stat 12 acute infarct 3 

gtn 9 deformed 3 

three times daily 8 exercise induced 3 

carers 6 free fluid 3 

expiratory wheeze 5 stool-feces 3 

meningismus 5 stretches 3 

left heart failure  4 umbilicus 3 

Analysis of these unlike terms reveals a range of root causes. The most frequently occurring 

terms, ‘afebrile’ and ‘no abnormality detected” indicates the negating prefix as an issue 

(‘afebrile” maps to ‘febrile” in most of the search engines). Uses of abbreviations in preferred 

terms, for example ‘gtn’ is also a source of non-hyperlinked terms.  Phrases with qualifiers 

like ‘left heart failure’ and ‘neck of femur’ are also sources of failure. 

Readability Analyses: The result of readability analysis of the linked page contents is shown 

in Figure 4-10. The average grade reading level of hyperlinked Web pages as calculated by 
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the SMOG index was 7.9. This is nearly three grade levels higher than the recommended five 

grade five reading level. Only 5.4% of  Web pages were written at the recommended five 

grade five level or below; 63.28% of pages have scored at grade eight level eight or below 

and 87.93 have grade ten level 10 or below. These results can be expressed conversely, also 

demonstrate that nearly 94% of the linked pages were written above the grade five level five, 

and out of which 36% Web pages were written above the eighth grade level.   

 

Figure 4-10. SMOG index of hyperlinked Web pages 

Figure 4-10 also reveals that 31.86% of Web pages had a SMOG index between 8 and 12. 

This suggested that the algorithm could be refined to select more readable Web pages within 

indexed resources by allowing a tradeoff between SMOG index and title term frequency.  

Thus, we refined our algorithm to first select the title-specific Web pages having SMOG 

score less than or equal to 5 followed by SMOG scores less than or equal to 8, 12, and 20 

respectively. This can be expressed by the query below:  

Select page having (max(TFi) AND SMOG<=S) 

Where S = [164 20] 

To test our hypothesis, we selected every tenth term from a frequency-sorted list of unique 

preferred terms where at least one instance of a difficult-for-consumers synonym was found 

in our EDS corpus. This resulted in a total of 137 preferred terms. The results of this testing is 

shown in Figure 4-11. 
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The results show that out of 137 preferred terms our algorithm provided a hyperlinked Web 

page for 122 of them, hence achieving an overall precision of 89%. No page has a readability 

score of 5 or less, but 82.6% of the selected pages had a SMOG index of 8 or less with mean 

term frequency of 0.335. The remaining 17.4% of the selected pages had a SMOG index 

higher than eight, out of which just one page had a SMOG index greater than 12. A closer 

analysis of the pages’ SMOG score and their origin in this smaller sample reveals that 

MedlinePlus provided most of the Web pages with readability score less than 8 (with 45 

pages)  followed by WebMD (with 12 pages). 

 

Figure 4-11. SMOG index and mean term frequency of hyperlinked Web pages 

4.5.3. Discussion 

We have refined the SemLink algorithm to augment CHV terms and locally approved 

abbreviations in EDS text with synonyms and hyperlinks to selected Web resources in order 

to provide a readability aid for consumers. The density of difficult terms identified and 

mapped, with an average of 30 such terms in each clinical management section, supports the 

position that there is a substantial amount of difficult vocabulary present in the text for which 

such a readability aid could be advantageous. 

The results also indicate that 95% of hyperlinked pages had the target term or a synonym in 

their page title.  Overall, this indicates that our approach is successful in providing consumer-

oriented material to support the readability of EDSs.  However, 5% of the difficult terms 

produced no title-specific page – with a chief cause being negation in the search term. The 

other sources of the performance gap are diverse (e.g. use of abbreviations and phrases in the 
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search terms) but broadly can be related to the fact that we are expecting a consumer resource 

portal to perform ‘dictionary’ functions outside of its original intended use. When pages are 

selected based only on title term frequencies, 5.4% of pages have the recommended 

readability level of 5 or less and 12% of pages have readability scores of 12 or higher (i.e. 

requiring a level of education between high school graduation and university degree) 

We refined the algorithm to limit hyperlinks to resources meeting specific readability 

thresholds. Analysis of the performance of our refined algorithm on a sample of 137 distinct 

preferred terms across our frequency distribution from the EDS corpus showed that it 

achieved a precision of 89%, which is 6% less than our full-corpus evaluation. This indicates 

that the linked resources cover the more common difficult terms in the EDSs better than 

uncommon terms. As it happened, the overall title term-frequency based relevance score of 

the retrieved resources improves slightly when restricting readability measure (SMOG index) 

from 12 to 8 (with mean TF of .315 and .335 for maximum grade level 12 and 8 

respectively). 

The overall performance demonstrates that dynamic hyperlinking provides a promising 

alternative method to support consumer readability of complex clinical documents as 

compared to the de facto approach of leaving the consumers to check difficult terms 

themselves and carry out manual searches.  

Although the relevance of hyperlinks based on CHV terms and abbreviations is high, our 

revised system, and its evaluation, have a number of limitations. One limitation is that we use 

CHV terms and their associated scores to identify difficult terms. CHV is still growing and is 

not as complete as UMLS or SNOMED (consider “tachypnoea” in Figures 4-6, which clearly 

warrants a supporting link). Moreover, the origin of CHV difficulty scores is statistical in 

nature and thus inherently will create false-positives, as well as false-negatives (consider 

‘forearm’ in Figures 4-6 as a candidate false-positive). For abbreviations, we used only a set 

of locally approved abbreviations to provide long forms and hyperlinks. A more 

comprehensive clinical vocabulary like UMLS would cover clinical terms more broadly.  

Another limitation of our present system relates to the completeness of our search in the 

consumer information resources. Although we are using six resources in our hyperlinking 

algorithm, we search just the first page returned by each, and we search each resource 

sequentially, not going on to other resources once we find a satisfactory Web page. We 

selected this strategy due to the significant time required to retrieve the search pages of each 
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resource and then to retrieve each of the Web pages that those search pages indicate. Using a 

search API like Google to search within a broader range of portals with a caching strategy 

would allow better performance, and possibly more comprehensive searching, for a service 

providing hyperlinking to a large EDS repository. 

Finally, the evaluation has inherent limitations. Rather than creating a gold standard, we have 

analyzed the hyperlinked retrieved Web pages in a computational way by matching terms or 

synonyms in the Web page’s title, accepting a match as success.  This is augmented with our 

readability analyses for which we used a third-party script to measure the readability of the 

linked resources. Although the majority of the pages are retrieved from MedlinePlus and it 

may be reasonable to accept that a MedlinePlus page is readable by a wide range of 

consumers, the existence of the term in the title of the document by no means guarantees that 

a given consumer will in fact find that the content enhances their ability to understand the 

term as used in the context of their specific EDS.  

The revised SemLink algorithm dynamically provides hyperlinks to relevant online 

informational sources from EDS text with good performance in terms of precision. While 

such automatic semantic annotation capability has the potential to improve consumer 

readability, we recognize the need to use a more comprehensive set of clinical vocabulary 

like UMLS as well as CHV and abbreviations to identify difficult terms in EDSs. Moreover, 

a more comprehensive approach to searching for relevant and readable Web pages would 

enhance the utility of the systems. For example, at present the algorithm simply starts from 

MedlinePlus search results, extracts the URL of the relevant page and in case of success, 

associates it with the annotated term. It only iterates through other search engines if a failure 

in finding a relevant page occurs. Merging the search results from all the available search 

interfaces in a further enhancement of SemLink may improve system performance.   

4.6. Iterative Refinement Protocol 

For software development in the face of unpredictable or rapidly changing requirements, the 

literature suggests the use of iterative development as the process model, since it enables fast 

reaction to changes [185]. The iteration involves redoing and implementation of a task in a 

working model and analyzing these models by user feedback and the program analysis 

facilities available [186]. For health software these models can facilitate the communication 

between software developers, health consumers and clinical users [187]. Health software 



Chapter 4. SemLink – Adding Semantic Hyperlinks for EDS Consumers 

83 
 

development literature also contains some reports of using iterative and incremental 

development in software for consumer support (e.g. [188] and[189]).  

In view of the complex nature of clinical text and the limitations found in the initial designs 

of SemLink, we adopted an ‘iterative refinement approach’ for the final SemLink system. We 

performed eight iterations; two on clinical management sections provided by the National E-

Health Transition Authority Australia (NEHTA) [190] and six on clinical management 

sections selected form our sample data. For this purpose, we first set aside the EDSs intended 

to use in the expert feedback evaluation (Chapter 5) and randomly chose six EDSs from the 

rest of the sample for analysis in iterative refinement protocol. Two people, one is highly 

experienced in health informatics and one having a health informatics and clinical 

background analysed the annotated clinical management sections and provided their 

feedback. The analysis performed at the end of each iterative step was basically centered on 

analyzing the annotations and the hyperlinks provided by SemLink. In the following 

subsection we report key findings of our iterative refinement protocol.    

4.6.1. Key Findings 

Table 4-7 shows the specialty, number of words, and annotation statistics of each clinical 

management section used in the iterative refinement protocol.  The total number of words in 

these sections was 1434 in which 214 annotations and hyperlinks were analyzed for their 

quality in terms of correctness and topic relevancy. 

Table 4-7. Annotation statistics of clinical management sections used in iterative refinement  

Number of 

Iteration 

Clinical Management No of Words No of annotated 

concepts 

1 NEHTA 128 25 

2 NEHTA 128 20 

3 Medicine 183 25 

4 AT&R 404 61 

5 Surgery 148 20 

6 Medicine 178 28 

7 Emergency 117 16 

8 Medicine 148 19 
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The following paragraphs provide short descriptions of the key findings during the iterative 

refinement of SemLink.  

Title Term Frequency: During the first iteration, we compared the Web pages having term 

frequency scores of 0.5 and greater than 0.5 and found that when term frequency  was greater 

than 0.5 than any one of the synonyms and the Web page title almost always matched, and 

when it was 0.5 or less they almost always did not match. When a score of 0.5 was obtained 

this was usually because part, but not all, of the title matched the synonym(s), or else the Web 

page described a related medical concept, but could not actually be said to be describing the 

same concept as the annotated segment under consideration in EDS text. For example, for the 

term ‘leukemia’ MedlinePlus contains two Web pages; one with a tile ‘leukemia’ with term 

frequency 1, and the other with the title ‘childhood leukemia’ with term frequency 0.5. 

Therefore it is observed that where the page has term frequency more than 0.5, in this case 

1,it  describes more specifically the annotated term under consideration.  

Dictionary Interfaces: During the second iteration, we found that many CHV difficult terms 

were not provided with a hyperlink. We therefore decided to expand our list of search portals 

to include dictionary interfaces so as to provide definitions only for those terms for which no 

title-specific page could be selected from any of the other portals used. Portals are meant to 

facilitate understanding and provide definitions for the meaning of the annotated concept. We 

first included the MedlinePlus dictionary interface, but on inspection we found that 

MedlinePlus definitions often contain difficult terms. This is because the MedlinePlus 

dictionary interface serves up the content hosted by the Merriam-Webster medical dictionary. 

We therefore decided to first choose Yahoo kids dictionary and if no definition was found in 

Yahoo kids dictionary than the hyperlink selection procedure would fall to MedlinePlus 

dictionary interface. After incorporating Yahoo kids and MedlinePlus dictionary interfaces, 

we still found many difficult concepts which are known to UMLS but were not provided with 

a hyperlink, for example tracheal wall, emphysematous change, inferior lead, chest clear and 

normal femoral pulse. For these terms we decided to use WordNet to provide the definitions.   

UMLS Mapping: In the first and second iterations we found using CHV alone that adjacent 

phrases whose combination represents a single concept are annotated separately. This is 

because CHV does not include all the concepts included in UMLS. The phrase ‘tracheal 

bifurcation’ was the most interesting phrase in this regard in which ‘tracheal’ and 

‘bifurcation’ are annotated separately by CHV with preferred names ‘windpipe’ and 
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‘bifurcation’ respectively. However, we feel that this phrase should be annotated as a single 

concept because ‘tracheal bifurcation’ represents a single UMLS concept with preferred 

name ‘bifurcation of trachea’ but not included in CHV difficult terms. Therefore we decided 

to first use UMLS for concept mapping in EDS text and to concentrate only for those 

concepts having CHV difficult term or abbreviation encapsulated in the mapped UMLS 

concept. The mapped UMLS concept is used to identify synonyms for the annotated term or 

phrase based on the concept it represents. 

Non-Difficult Terms: During the second iteration, 'GP' is found to map to yahoo kids 

dictionary, however we feel that GP is not a difficult abbreviation in the New Zealand context 

as everyone is supposed to enroll with a General Practitioner for their day-to-day 

consultation. Similarly the term ‘bridge’ in the phrase ‘bridge of nose’ is annotated as 

difficult, but we feel that it is not difficult and can have different meanings in different 

contexts. To filter annotations for non-difficult terms, we started to build a list of stop words. 

This stop word list (see Appendix C) include the stop words commonly used in the 

information retrieval and the words in our corpus which we feel are commonly used by a 

native English speaker; hence no readability support is needed for these terms.  

Expansion of WDHB Abbreviations: We came across acronyms which are commonly used 

in our corpus but not included in the abbreviation list provided by WDHB. As a result these 

acronyms are mapped to incorrect long forms as identified by UMLS. For example, in the 

second iteration, we came across an instance of ‘ACH’ which is commonly used in our EDS 

corpus for ‘Auckland City Hospital’, however the UMLS mapping matched ACH with the 

preferred term ‘acetylcholintesteratne’. Similarly, in the third iteration, NAD was mapped to 

‘nicotinamide adenine dinucleotide’ but in our corpus NAD is commonly used for ‘No 

abnormality detected’. In addition, we also found incorrect mapping of two letter acronyms 

by UMLS. For example, Cr is identified by UMLS as chromium but in the EDS context it 

should be mapped to ‘creatinine’. Similarly, RV mapped to ‘residual volume’ but should be 

‘right ventricular’. To address this issue, we collected those abbreviations and acronyms in 

our EDS corpus which are commonly used in WDHB communication and not present in the 

provided abbreviation list. We extended the WDHB abbreviation list with the collected 

abbreviations and their long forms. To avoid wrong mapping of acronyms, we collected all 

the two letter acronyms present in our EDS corpus and selected those acronyms which are 

used twenty or more times in the corpus. These acronyms and their common long forms are 

also included in the abbreviation list used for annotation purposes. All other acronyms having 
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frequency less than twenty in EDS corpus were included in the stop word list described 

above.  

Inclusion of UMLS Semantic Types: In the fourth iteration, we noticed many terms which 

are difficult but not annotated, for example tachypnoea, beclazone and peritonism. The most 

interesting is beclazone which is a common drug used in New Zealand to prevent asthma but 

not identified as difficult by CHV. Therefore in this iteration we decided to use UMLS 

semantic network and include the UMLS semantic type pharmacologic substance and disease 

and symptoms in annotations. In the next iteration we further found difficult concepts, for 

example ‘T waves’, which is difficult for a lay person but was not provided with any 

annotation. After this iteration we decided to extend our included semantic types and identify 

relevant semantic types that represent categories of information of interest to consumers. To 

select relevant semantic types we reviewed the related literature that reports recurring 

patterns in the phrases used by consumers when searching health topics. Zeng et al. [191] 

collected queries to the ‘Find-A-Doctor’ websites of the Brigham and Women’s Hospital in 

Boston and found the most popular semantic types are Disease or Syndrome, Health Care 

Activity, Biomedical Occupation or Discipline, Body Part, Organ or Organ Component, and 

Finding.  Similarly, McCray et al. [192] collected 91, 944 user queries from the NLM home 

page and found the most common semantic types to be Diseases and Pathologic Processes, 

Chemicals and Drugs, Procedures, and Anatomy. Tse and Soergel [193] reported that the 

most common search phrases provided by consumers are related to disorders, procedures, 

chemicals and drugs, and concepts and ideas. Using these findings, and the findings from our 

iterative refinement, we selected certain semantic types to be included for readability support 

in SemLink. These are shown in Table 4-8.  

Table 4-8. Semantic types used in SemLink 

Semantic types in SemLink 

Acquired abnormality Pathologic function 

Anatomical abnormality Sign or symptom 

Cell or molecular dysfunction Body part, organ, or organ component 

Congenital abnormality Antibiotic 

Disease or syndrome Pharmacologic substance 

Finding 
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Exclusion of UMLS Semantic Types: We found that several semantic types are unsuitable 

for providing readability support for consumers. For example, patchy which is identified as 

difficult by CHV is a ‘qualitative concept’ in UMLS. This term is hyperlinked to a definition 

page of ‘baldness or patchy’ in Medterms. We decided to omit from SemLink annotations 

certain semantic types under the hierarchy of ‘idea or concept’ representing ‘abstract 

concepts’ due to their lack of health relevancy, ambiguity and inaccuracy for consumer health 

information. These omitted semantic types are qualifier values, contextual qualifier, 

qualitative concept and temporal concept.   

URL Filter Component: We found certain URLs which met our term frequency criteria of 

greater than 0.5, but their page content did not provide much information for consumers. For 

example, in the fourth iteration the terms ‘sprivia’ and ‘servent’ are hyperlinked to Web 

pages in Patient UK which contains links rather than information about these terms. To 

address this issue, we introduced a URL filtering component to filter those Wes pages which 

are found to provide suboptimal information for patients e.g. links to another pages in 

iterative refinement.  

In summary, based on the iterative refinement process, the principal changes are as follows:  

1. Term frequency threshold changed from TF >= 0.5 to TF > 0.5 

2. Inclusion of UMLS semantic types 

3. Modified acronyms list 

4. Inclusion of Stop Words 

5. Added online resources (5 more portals and 3 definition resources) 

6. Upgraded CHV from 2007 version to 2010 CHV 

These findings were incorporated during incremental development of SemLink. In the next 

subsection, we discuss the final design of the SemLink semantic annotation mechanism for 

difficult concepts in EDSs and the hyperlinking approach adopted for annotated concepts.  

4.6.2. Final Strategy for Semantic Annotations in SemLink 

SemLink Ontology: The Terminology ontology in SemLink models the difficult vocabulary 

for which reading support is needed for consumers in EDS. This ontology models the 
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vocabulary sources in SemLink for which semantic annotation is provided. Three sets of 

vocabulary sources, CHV; UMLS and Abbreviations, are used to cover a range of medical 

concepts which may impose comprehension barrier for lay consumers. The ontology model is 

shown in Figure 4-12.  

 

Figure 4-12. Terminology ontology in SemLink 

Three main classes, CHV_Difficult_Term, UMLS_Concept and Abbreviation are created to 

model CHV difficult terms, difficult UMLS concepts and WDHB Abbreviations, 

respectively. The ontology relation hasCHVDifficultTerm identifies UMLS concepts 

encapsulating one or more instances of class CHV_Difficult_Term in it. Similarly, the relation 

hasAbbreviation represents those UMLS concepts which contain locally approved 

abbreviations. These relations are used in such a way that a UMLS concept is considered 

difficult if it contains any instance of CHV difficult terms or abbreviation in it.  

Semantic Annotations in SemLink: The final SemLink annotation system uses GATE as 

NLP resource to produce semantic annotations in EDS text and three sets of clinical 

vocabularies, CHV, UMLS and WDHB abbreviations, each tailored to meet the specific 

needs of this system, allowing the system to benefit from expert linguistics and medical 

informatics knowledge.  
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A fresh subset of CHV was created from CHV 2010 version, by extracting the terms and 

phrases having any one of the three associated CHV scores between 0 and 0.5. These terms 

and phrases were included in GATE CHV gazetteer to identify these terms as instances of 

class CHV_Diffcult_Term in the Terminology ontology of SemLink. The previously built 

abbreviation lexicon (see section 4.4) was also included in an ‘Abbreviation’ gazetteer to 

identify locally approved abbreviations as instances of class ‘Abbreviation’ in SemLink 

ontology.   

The GATE pipeline used to produce semantic annotations in EDS text with respect to 

Terminology ontology is shown in Figure 4-13. First, we use HITEx [81] UMLS concept 

finder processing resource (PR) to annotate UMLS concepts in EDS text. Then, the text is 

split into words and sentences by the GATE Tokenizer and Sentence Splitter respectively. 

GATE Part of Speech (POS) Tagger is used to produce a part-of-speech tag as an annotation 

on each word. As discussed before, two gazetteers were developed by using CHV difficult 

terms and Abbreviations as vocabulary sources. Each token is checked against these 

gazetteers and, if a corresponding entry is found, it is associated with an annotation of type 

‘Lookup’ and an annotation feature of ‘majorType’.  

 

Figure 4-13. Semantic annotation pipeline in GATE 

A set of JAPE grammars was written to produce semantic annotations over the EDS content. 

This component takes Terminology ontology as input and operates on the annotations 

generated by earlier phases of the annotation pipeline i.e. HITEx UMLS concept finder, 

Tokenizer, Sentence Splitter, Gazetteer and Part of Speech Tagger, and combines them into 
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chunk annotations corresponding to classes in Terminology ontology. We define eight 

grammar rules to annotate text chunks with respect to classes in Terminology ontology.  

Figure 4-14 shows an example rule for recognizing CHV terms encapsulated in UMLS 

concept strings to annotate the instance of class ‘CHV_Difficult_Term’.  

Rule: chvAnnotation 

Priority:30 

({UMLS_Concept contains CHVTerm}):chv 

:chv.edsAnnotation = {CUI=:chv.UMLS_Concept.CUI, 

Semantic_Types=:chv.UMLS_Concept.Semantic_Types, 

UMLS_Name=:chv.UMLS_Concept.UMLS_Name, 

class="CHVDifficultTerm",category=:chv.CHVTerm.category, rule=chvTerm} 

Figure 4-14. An example JAPE rule used to recognize instances of class ‘CHVDifficultTerm’  

The above rule specifies that if a UMLS concept string (identified by HITEx UMLS concept 

finder) contains a CHV difficult term, as identified by CHV gazetteer, then it will be 

annotated as class CHV_Difficult_Term with features UMLS_CUI, Semantic_Types and 

UMLS_Name. The resultant GATE annotation is shown in Figure 4-15 generated for the term 

‘haemoptysis’ in EDS text. Figure 4-16 shows the annotated clinical management section in 

GATE GUI. The reader is also referred to Appendix B for the complete set of JAPE rules to 

annotate the class instances of Terminology ontology in EDS text. 

Haemoptysis  {UMLS_CUI=C0019079, Semantic_Types=[T184::Sign or 

Symptom], UMLS_Name=Hemoptysis, class=CHVDifficultTerm, rule=chvTerm} 

Figure 4-15. An example GATE annotation added to the text 
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Figure 4-16. Annotated clinical management section in GATE GUI 

Embedding Annotations in EDS Text: In final development of the user interface we 

decided to use Adobe’s Portable Document Format (PDF) as a basis of embedding semantic 

annotations in EDS documents. The reason behind using PDF is that it stores both a printable 

document and the related annotations as a single file and can be easily transmitted to care 

providers and consumers. The semantic annotation engine annotates free text clinical 

management sections in EDSs with preferred names and hyperlinks, while, the PDF creation 

engine generates EDS documents with embedded annotations in PDF format. For 

abbreviations the preferred name is the long form. If the annotated term is a CHV difficult 

term than the preferred name is the CHV preferred name, otherwise the preferred name is the 

UMLS preferred name. The implementation details of embedding semantic annotations in 

EDS text will be discussed in Chapter 7. Figure 4-17 shows an example phrase “Three days 

of progressive tachypnoea and haemoptysis with HIV positive” with annotated phrases 

underlined in PDF document. For example, when the user clicks on the underlined term 

‘haemoptysis’, the interface shows its preferred name in tooltip and opens the related 
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hyperlink in a new browser window. The next subsection discusses the final algorithm for 

selecting the related hyperlinks for annotated terms in EDSs.  

 

Figure 4-17. Semantic annotations embedded in PDF format 

4.6.3. Final Hyperlinking Algorithm in SemLink  

In addition to the vocabulary sources described in the previous section, the SemLink dynamic 

hyperlinking approach is leveraging the search engines facilities of 11 search engines and 

three online dictionaries as listed in Table 4-8 and Table 4-9 respectively. The added search 

engines in the final list share a similar focus of distributing trusted consumer health 

information. Beside the evidence of providing trusted information to consumers, each website 

and dictionary interface was chosen because of its search interface facility that could be 

programmatically used to select relevant Web resource from indexed resources.    

Table 4-9. Consumer health search engines used in SemLink 

Search Engine Name Available from 

 MedlinePlus http://medlineplus.gov/ 

 Healthline http://www.healthline.com/ 

 WebMD http://www.webmd.com/ 

Mayo Clinic mayoclinic.com/health/ 

 Patient UK http://www.patient.co.uk/ 

Medsafe http://www.medsafe.govt.nz/Consumers 

Family Doctor http://www.familydoctor.co.nz/ 

Yahoo!  Health http://www.health.yahoo.net/ 

 Health.com http://www.health.com/ 

MedTerms http://www.medterms.com/ 

HealthEngine http://www.healthengine.com.au/ 
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Table 4-10. Online dictionary interfaces used in SemLink 

Dictionary Name Available from 

Yahoo! Kids http://kids.yahoo.com/reference/dictionary/english/ 

MedlinePlus http://www.merriam-webster.com/medlineplus/ 

 WordNet http://jws-champo.ac-toulouse.fr:8080/wordnet-xml/servlet 

The final hyperlink generation algorithm as shown in Figure 4-18 is composed of two main 

components; a portal page retrieval component and a definition retrieval component. The 

portal page retrieval component helps in selecting a topically relevant and readable Web 

resource provided by the search engines listed in Table 4-8 by offering an efficient search and 

result set filtering mechanism. The definition retrieval module provides a definition of the 

annotated term or phrase in cases where no title-specific resource is found by the portal page 

retrieval module.  

A PHP script was written to implement this algorithm. Initially the algorithm takes GATE 

annotations for the annotated term or phrase to be hyperlinked as input. These include 

preferred term, ontology class, UMLS Name, and CUI. Synonyms were extracted for each 

annotated concept using its CUI from UMLS and CHV databases.  

The portal page retrieval component first executes the search for the preferred term in 

MedlinePlus. For example, for the annotated term ‘haemoptysis’ the search is first executed 

for its preferred term ‘coughing up blood’ by first using the query interface provided by 

MedlinePlus. The title matching module loads the search results found by MedlinePlus and 

extracts the tile of pages to calculate Term Frequency (TF) [181] for each page title. The TF 

is used as a metric to gauge which Web pages are topically relevant to the annotated term or 

its synonyms, in terms of matching words. Stop words are removed from both the Web page 

title and synonyms using the stop word list available from [194], and both are stemmed using 

Porter stemming algorithm [195]. For each synonym, the frequency for each stemmed word 

in the page title was found, and if the title length is greater than or equal to the synonym 

length, its TF score was calculated using the term frequency equation below.  

𝑇𝐹𝑚= �
Fk
N

𝑁

𝑘=1
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In this equation, TFm is the term frequency of the mth synonym, Fk is the frequency of the kth 

stemmed word of mth synonym in the page title and N is equal to the total number of stemmed 

words in the page title. All the URLs with TF score greater than 0.5 are indexed as high term 

frequency results and are taken to be closely related URLs for the annotated term. From this 

we can see that the title matcher module increases the precision of the hyperlinked pages, by 

preventing unrelated Web pages from being associated with the annotated segment in the 

text. 

The results of readability evaluation of selected pages in section 4.5.2 showed that the 

dynamic hyperlinking algorithm could be refined to select more readable Web pages. In the 

cases where multiple URLs are returned with TF greater than 0.5, then possibly one of the 

URL would have better readability index. For such cases, a procedure was still needed to 

determine which of the URLs had the better readability index. This was achieved by the 

addition of a readability optimization module. This module loads the pages having TF greater 

than 0.5 and computes the SMOG score of each Web page using a PHP script [182]. This 

script computes the readability index in the content text of the Web page, excluding all 

HTML markups and links. Finally, the page having TF greater than 0.5 and minimum SMOG 

score is selected and its URL is associated with the annotated term. If such a page is found 

from MedlinePlus returned resources then no more search engines would be considered for 

that annotated term.  

In cases where the title matching module does not return a MedlinePlus index URL then the 

same procedure iterates through the rest of the health portals listed in Table 4-8. For these 

portals the searches were conducted using Google, which was accessed using Google Web 

search API. Search was restricted to the listed portal, by adding the site: ‘domain_name’ to 

retrieve search results. Preferred terms and annotated term are also added to the queries, 

enclosed in quotation marks, so that Google would search for the whole and not just as its 

component. An example of a complete search query (q) that was passed to Google for the 

annotated term ‘haemoptysis’ and preferred term ‘coughing up blood’ in WebMD is shown 

below. 

q => “$chvPref." or ".$term."+”site:www.webmd.com/" 

Searches were performed for each of the included portal sites. For each search the first four 

URLs returned by the Google was retrieved. However, there might be less than 44 URLs (for 

11 portals) returned in total, because sometimes Google would return fewer than four results 
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for a search. These URLs are then passed to the title matching and readability optimization 

modules to select the title specific Web resource in the same fashion as performed for 

MedlinePlus retrieved URLs.  

The definition retrieval component takes control if the title matching component cannot 

retrieve a title-specific Web resource. This component uses the dictionary interfaces in the 

same order as listed in Table 4-8. First the definition retrieval component uses the preferred 

term to retrieve the definition of the preferred term of the annotated term as found via the 

Yahoo! Kids dictionary query interface; then it searches in the MedlinePlus dictionary 

interface. In cases where no definition can found in the Yahoo! Kids or MedlinePlus 

dictionaries, a WordNet definition for the preferred term of the annotated term is retrieved. If 

the preferred term is composed of a single word then its definition as found in the WordNet 

database is shown; otherwise the definition of each of the words in the preferred term is 

retrieved and the list of definitions shown in a Web page. If no definition is found, then the 

Web page shows a message that no appropriate resource is found. 
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Figure 4-18. Flowchart of the final hyperlink generation algorithm 
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Chapter 5. SemLink Evaluation by Expert Feedback 

The proposed system to support readability of EDSs, SemLink, was evaluated by expert 

feedback. In this chapter, we discuss the evaluation that was undertaken. This chapter is 

organized as follows. Section 5.1 describes the methods (evaluation design and analysis 

criteria). Section 5.2 presents the results of analyses of hyperlinked Web pages for their 

correctness and helpfulness for lay consumers. Section 5.3 discusses the main findings of the 

evaluation.  

5.1. Methods 

5.1.1. Study Sample and Design 

We selected eight EDSs from our sample EDS corpus, two from each of the four specialties. 

The two summaries in each specialty were selected by calculating the mean and standard 

deviation of the length of the clinical management sections in each specialty and then 

selecting one EDS having a clinical management section with length of one standard 

deviation above the mean and one with length one standard deviation below the mean. The 

EDS section used in this evaluation is clinical management, the largest free text section in our 

EDS corpus, which was found to contain most of the difficult vocabulary (see Chapter 3, 

section 3.2.2). The clinical management sections from selected EDSs were transformed to 

PDF documents using the final SemLink prototype system described in Chapter 4. These 

documents show underlining on the terms and phrases for which readability support is 

provided, which is given in the form of hyperlinks. 

A panel was convened that consisted of three medically-trained experts working with the 

National Institute of Health Innovation, University of Auckland. One expert is working as a 

General Practitioner and also has a health informatics research track record (hereafter Expert 

1); the other two experts have health informatics research track records but are not currently 

practicing medicine (hereafter Expert 2 and Expert 3). To evaluate both the extent to which 

hyperlinks improved comprehensibility of difficult terms for lay consumers and the extent to 

which our strategy was successful in providing useful information for managing their post-

discharge self care, we gave each expert the printout of all eight selected clinical management 

sections in PDF format having underlined text and their corresponding hyperlinks as selected 

by the final SemLink hyperlinking algorithm (as per Figure 4-18). For each document and for 
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each unique word or phrase hyperlinked in that document, the experts were asked to review 

the hyperlinked Web page and fill out an electronic questionnaire (see Figure 5-1). The 

experts were instructed that:  

• In Q1, a Web page is “is topically relevant” if its page title was concerned with the 

hyperlinked term or phrase, or any of its synonyms, with respect to the meaning of 

that term or phrase as it is used in the Clinical Management section in which it 

appears. 

• In Q2, the Web page “will support the patient in understanding the meaning of the 

term”, if its content was likely to assist the patient in understanding the meaning of 

the term to which it is linked.  

• In Q3, the Web page “will be helpful to the patient in managing their ongoing care”, if 

its content is helpful to the patient in understanding the implications of the Clinical 

Management section to empower them in managing their post-discharge self-care.  

The questions 1 to 3 were forced choice questions (having no default value and could be left 

blank) with answers on a five point scale; strongly agree, agree, neutral, disagree and strongly 

disagree. For Q2 and Q3, the experts were asked to respond in the context of someone typical 

of patients for whom that specific clinical management text applied, or with respect to a 

relevant caregiver or family member if the patient appeared to be someone whose age and/or 

disability made it likely that they would not be taking the lead in their own care (e.g. child or 

very frail elderly). Q4 was a free-text question for the expert to report any comment on the 

Web page. The aim was to identify the origin and reasons for any possible deficiencies in 

hyperlinked Web pages. With their Information Technology experience and clinical training, 

these experts were asked to judge the output in terms what they would feel comfortable to 

offer to a patient having that particular clinical management detail for the annotated term. 

Thus they were well qualified to judge the three measures in the questionnaire both in terms 

of the quality of the source and its appropriateness to the case at hand. The formatted 

questionnaire used in this study and the directions given to experts to fill out the 

questionnaire are included in Appendix B. 
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Questions Concept 

Q1. The page content is topically relevant.  

Q2. The information in the Web page will support the patient in 

understanding the meaning of the term.  

Q3. The information in the Web page will be helpful to the 

patient in managing their ongoing care after discharge. 

Q4. Please provide any comments or specific recommendations 

you have regarding the content of this Web page. 

 Topical relevancy 

Definition Provision 

 

Quality information 

Figure 5-1. Questionnaire and related concepts given to the expert for each hyperlinked page

To facilitate the experts in their assessments, we designed a Microsoft Excel 2007 workbook 

with separate sheet for each clinical management section. From the expert feedback, we 

wanted to measure the efficacy of our dynamic hyperlinking for leading consumers to the 

most relevant online resource. For this purpose, we ran the hyperlinking algorithm in 

SemLink on all the annotations in each clinical management section. These hyperlinks were 

stored and indexed by annotated term in their respective sheet in the Excel workbook. We 

selected only the unique terms within a clinical management section, as SemLink would 

produce the same hyperlink for duplicated annotated terms. The hyperlink format in Excel 

allowed the experts to simply click on the hyperlinked term to select it. This task simulates 

what a consumer would typically do when presented with their SemLink generated EDS 

online: look for the underlined term and click on it to automatically find related online 

information. A Visual Basic for Applications (VBA) script was written to automatically open 

the hyperlink in an Internet Explorer Web browser and for appropriate placement of windows 

on the screen. As such the script is designed to display the questionnaire and the hyperlinked 

Web page on the screen to save the experts from spending too much time navigating among 

different windows. At the beginning of the study, the experts were shown a demo of the 

interface, and were given instructions on the hyperlink selection task for the same annotated 

term as the one used in this study. A screen shot of the interface and the user instructions are 

included in Appendix B.  
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5.1.2. Analysis 

The expert panellist responses for forced choice questions and word counts of clinical 

management sections and annotations were analysed using descriptive statistical analyses. 

Inter-rater reliability was calculated as the Intraclass Correlation Coefficient (ICC) [196] 

using a 2-way mixed-effects model for single measures to measure the degree of absolute 

agreement among ratings. This test is well suited to our problem, as it allows us to measure 

the overall agreements between two or more raters on the same set of subjects [196]. 

Computations of reliability were conducted using MedCalc statistical software [197]; all 

other analyses were performed using Microsoft Excel version 2007.  

To analyse the sources of success and errors, we normalized the ratings and assigned a score 

of ‘1’ for the ratings ‘strongly agree’ and ‘agree’,  a score of 0.3 for ‘neutral’ and a score of 

‘0’ for ‘disagree’ and ‘strongly disagree’. During analysis we found that Expert 3 was more 

critical as compared to the other two experts. Therefore, to find the strengths and weaknesses 

of the hyperlinking algorithm, we also investigated the agreement among all three raters and 

the agreement between Expert 1 and Expert 2 for forced choice questions using normalized 

scores as discussed above. The scoring scheme and its interpretation are shown in Table 5-1. 

Table 5-1. Interpretation of scoring scheme used in analyses 

Score  Interpretation 
3  Three experts agreed  

2 Two experts (generally Expert 1 and Expert 2) agree  

1.6 One agree and two neutral 

1.3 One of the experts agree and one neutral 

1 One of the experts agree and other disagree 

0.9 Three experts neutral 

0.6 Two experts neutral 

0.3 One neutral and one disagree 

0 All experts disagreed 

Open ended comments regarding the information contained in hyperlinked pages were 

combined to create one note and analysed using data driven thematic content coding [158]. 

The free text comment was segmented into sentences or clauses, with each segment 

representing one idea to assign each comment with a descriptive label or theme. Whenever 
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possible, the theme was selected from those already existing; otherwise, a new theme was 

created. These themes were arranged into a two level hierarchal scheme with four branches; 

Information quality, Annotation quality, Ease of access and Language. The hierarchical 

scheme of thematic coding is shown in Table 5-2.  

Table 5-2. Hierarchical scheme for thematic coding 

Themes Sub-themes 
Information quality Improper description 

Needs clinical context 

Not specific 

Too much information 

Little information 

Incorrect information 

Inappropriate definition 

Patient profile 

Local protocol 

Annotation quality Improper preferred term 

Improper synonym 

Ease of access Video 

Difficult presentation 

Adverts 

Contains links 

Language Difficult terms in definition 

Difficult terms in Web page 

Consumers are known to utilize popular Web search engines such as Google and Yahoo! 

more frequently to access online medical information [198] and most people only look at the 

first page of results [199]. Google is now one of the most popular search engines and is found 

to be the most commonly used by consumers to access available online information [200] and 

by doctors to access some academic sites [201]. Because of this dominance we chose to 

compare the Google search engine to SemLink’s dynamic hyperlinking capability based on a 

simple keyword based search provided by Google. We searched for the annotated term and 

phrases in our evaluation corpus, limiting our search to the first hit using ‘I am feeling lucky’ 

option from www.google.com. A frequency distribution of the sources of retrieved results 
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was calculated to investigate the tendency of Google search in retrieving consumer-specific 

Web resources. 

5.2. Results 

5.2.1. Annotation Statistics 

The statistics of semantic annotations produced by SemLink in the evaluation corpus are 

shown in Table 5-3. In this table, CM1 is the shorter and CM2 the longer EDS section from 

each speciality. The total number of words in all eight clinical management sections was 682. 

The result show that SemLink identified and annotated 182 difficult phrases and 

abbreviations, with an average of 22 difficult concepts in each clinical management section 

being assigned with semantic descriptions (synonyms and hyperlinks) by SemLink. Some of 

the annotated terms or phrases were repeated in a clinical management section; therefore we 

considered only the unique annotations in each clinical management section for expert 

evaluation. This resulted in 158 annotation and clinical management section pairs each with 

their hyperlink to be evaluated by the experts.  

Table 5-3. Text characteristics of clinical management sections used in SemLink evaluation 

Speciality(mean, standard 

deviation of clinical 

management) 

Word length 

(CM1, CM2) 

Number of 

annotated 

words/phrases 

(CM1, CM2) 

Number of 

unique 

annotations 

(CM1, CM2) 

Surgery (117.36, 88.5) 12, 193 4,  22 4, 22 

Emergency (100.66, 51.2) 45, 155 8,  23 6, 21 

Medicine (136.96, 79.8) 57,220 4,37 4,36 

Adult Services (359.7, 184.3) 143,491 16,68 16,49 

5.2.2. Quantitative Analysis 

The ICC for topical relevancy (Q1), definition provision (Q2) and information provision (Q3) 

for the set of hyperlinked pages between three experts is shown in Table 5-4. The highest 

ICC, 0.6145 (95% CI 0.4258 to 0.7386) was observed for Q1, the topical relevancy of Web 

pages, and indicates a good inter-rater reliability for the topical relevancy of hyperlinked Web 

pages. However, the ICC for Q2 and Q3 were relatively low: 0.54 (95% CI 0.4229 to 0.6416) 
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for definition provision and 0.5448 (95% CI - 0.4566 to 0.6278) for the optimal information 

in Web pages.  

Table 5-4. Intraclass correlation coefficient for expert evaluators 

Question ICC (95% confidence interval) 

Q1 0.6145 (0.4258 to 0.7386) 

Q2 0.5410 (0.4229 to 0.6416) 

Q3 0.5448 (0.4566 to 0.6278) 

 
The scale distribution for the question regarding the topical relevancy of hyperlinked page is 

shown in Figure 5-2. The experts had a positive reaction to the topical relevancy of 

hyperlinked pages. The figure shows a strong consensus between the expert 1 and expert 2 

for topical relevancy of the overall hyperlinked pages. Expert 1 found 121 Web pages to be 

topically relevant with the annotated term or its synonyms and expert 2 found 116 Web pages 

to be topically relevant. Similarly, expert 1 found 30 pages and expert 2 found 33 pages to be 

topically irrelevant with the annotated term. However, expert 1 and expert 2 gave neutral 

opinions for 16 and 9 pages respectively. We can also see that expert 3 was more critical and 

marked less than half of the Web pages to be topically relevant with the annotated term under 

consideration. This expert also found 58 pages not to be topically relevant with the annotated 

concept and gave a neutral opinion for 13 pages.  

 

Figure 5-2. Scale Distribution for ‘topical relevancy’ of hyperlinked pages 
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Figure 5-3 shows the distribution of expert’s ratings for question 2. Overall, the experts found 

the dynamic hyperlinking helpful in facilitating the consumer in finding meaning of the 

annotated term in the hyperlinked Web page. The three experts found that 108, 98 and 69 

pages respectively had information to provide meaning of the term, and gave a neutral 

opinion for 14, 18 and 29 pages respectively for their efficacy in providing meaning of the 

term. However, for this question the experts found 33, 47 and 66 pages respectively to be 

deficient in facilitating consumer in finding meaning of the term. 

 

Figure 5-3. Scale distribution for ‘definition provision’ of hyperlinked pages 

The distribution of experts’ ratings for question 3 is shown in Figure 5-4. The efficacy of 

dynamic hyperlinking in providing information necessary to manage post-discharge care was 

relatively low as compared to definition provision. Expert 1 found positively on 59 pages and 

negatively on 42 pages; expert 2 found positively on 77 pages and negatively on 56, and 

expert 3 found positively on 63 pages and negatively on 62 pages on whether they facilitated 

consumers in providing optimal information for their self-care. The three experts gave neutral 

opinions for 56, 25 and 33 pages respectively. 
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Figure 5-4. Scale distribution for quality information in hyperlinked pages 

The agreements between experts for the three forced choice questions based on normalized 

ratings are shown in Table 5-5. The table shows a strong consensus between the experts 

across all three questions on the pages they rated negatively. The three experts found 15% of 

Web pages to be not topically relevant, 16.4% of Web pages to not facilitate meaning of the 

term and 18.3% of Web pages to be deficient in quality in assisting post-discharge care. The 

majority (65.8%) of the Web pages were deemed topically relevant, 54.5 % were deemed 

helpful in facilitating meaning of the hyperlinked term, and 28.5% were deemed helpful in 

providing optimal information for managing their post-discharge care as agreed by Expert1 

and Expert 2. 

Table 5-5. Agreement of experts 

Question Agree Disagree Neutral 

3 Raters 
(Score 3) 

2 Raters 
(Score 2) 

3 Raters 
(Score 0) 

2 Raters 
(Score 0) 

3 Raters 
(Score 0.9) 

2 Raters 
(Score 0.6) 

Q1 82 104 24 24 0 3 

Q2 58 86 26 26 1 4 

Q3 33 45 29 30 5 17 

The mean hyperlink scores within specialties are shown in Table 5-6. The hyperlinked 

content for EDSs, written in the Emergency and AT&R departments, show a good 

performance in terms of topical relevancy and definition provision in hyperlinked Web pages. 

However, the decreased performance in all three questions for the content written in 
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Medicine and Surgery departments shows that the information contained difficult words and 

phrases for which the selected portals did not contain topic-specific hyperlinks; hence it was 

hard for algorithm to provide dynamic linking for such cases.   

Table 5-6.  Mean hyperlink scores within specialities 

Speciality Q1 Q2 Q3 

AT&R 2.31 2.06 1.68 

Emergency 2.35 2.16 1.90 

Medicine 1.85 1.78 1.33 

Surgery 1.46 1.16 0.75 

The mean and standard deviation of the scores of hyperlinked pages with respect to their 

sources is shown in Table 5-7. Here we can see that MedlinePlus indexed resources provide 

the largest number of the annotations, with among the best scores for topical relevancy, 

definition, provision and ongoing health care information. Other sources which have good 

topical relevancy for hyperlinked pages (score > 2) are Mayoclinic, Healthline, WebMD, 

MedTerms, Family Doctor, Patient UK, Health Engine. Among these sources, the Health 

Engine gives a perfect score for all three questions, but is only hyperlinked in two cases. This 

result also reveals that the non-medical definition sources, WordNet and Yahoo! Kids 

dictionary, are the major sources of lower scores for all three questions. On the other hand, 

MedTerms is also a definition-only resource but provides good relevancy for Q1 and Q2. 
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Table 5-7. Source portals and hyperlink scores  

Source Number 

of Pages 

Mean 

(Q1) 

Std dev 

(Q1) 

Mean 

(Q2) 

Std dev 

(Q2) 

Mean 

(Q3) 

Std dev 

(Q3) 

MedlinePlus 48 2.54 0.9 2.42 0.83 2.00 0.92 

WordNet 22 0.54 0.8 0.54 0.78 0.22 0.34 

Yahoo! Kids 18 1.54 1.3 1.07 1.07 0.60 0.79 

Mayo Clinic 15 2.13 1 2.01 0.99 1.82 0.87 

Healthline 15 2.34 0.8 1.95 0.94 1.52 0.84 

WebMD 12 2.24 0.78 2.01 1.13 1.84 1.22 

Medterms 8 2.79 0.4 2.66 0.65 1.63 0.78 

Family Doctor 6 2.50 1.2 2.15 1.11 2.15 1.10 

Health.com 4 1.90 1.1 1.65 1.11 0.68 0.28 

Patient UK 4 3.00 0 3.00 0 2.83 0.35 

Health Engine 2 3.00 0.00 3.00 0.00 3.00 0 

Yahoo Health 2 2.00 1.4 1.30 1.41 1.30 1.41 

Table 5-8 shows the mean and standard deviation of the scores of hyperlinked pages with 

respect to their UMLS semantic types. The most hyperlinked entities are Pharmacologic 

substance, Finding, Sign or Symptoms, Disease or Syndrome, Body Part, Organ, or Organ 

Component, Diagnostic Procedure and Therapeutic or Preventive Procedure. Among these 

the highest hyperlink scores for all three questions are found for the term and phrases which 

are Diagnostic procedures. The major semantic type, Pharmacologic Substance, shows 

particularly good performance in dynamic hyperlinking (scores of 2.65, 2.29 and 2.15 for the 

three questions). The largest sources of low scores are the semantic types Findings and Body 

Part, and Organ or Organ Component.  
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Table 5-8. Semantic types and hyperlink scores of annotations 

Source Semantic 

Type 

Number 

of Web 

Pages 

Mean 

(Q1) 

Std. dev. 

(Q1) 

Mean 

(Q2) 

Std. dev. 

(Q2) 

Mean 

(Q3) 

Std. dev. 

(Q3) 

Pharmacologic 

Substance 

30 2.65 0.88 2.29 0.94 2.15 0.98 

Finding 24 1.43 1.33 1.23 1.26 1.06 1.14 

Sign or Symptom 24 2.48 0.99 2.30 0.94 1.84 0.86 

Disease or Syndrome 19 2.15 1.18 2.08 1.24 1.92 1.16 

Body Part, Organ, or 

Organ Component 

16 1.43 1.09 1.26 0.83 0.64 0.65 

Diagnostic Procedure 7 2.90 0.26 2.80 0.53 2.26 0.64 

Therapeutic or 

Preventive Procedure 

5 2.26 1.18 2.06 1.23 1.64 1.08 

Biologically Active 

Substance 

4 1.58 0.51 1.50 0.58 0.80 0.44 

Body Location or 

Region 

4 1.40 1.48 1.05 1.08 0.45 0.52 

Laboratory Procedure 4 2.40 0.80 1.98 1.22 1.83 1.39 

Pathologic Function 4 2.00 1.41 1.83 1.29 1.23 1.37 

Spatial Concept 4 2.58 0.51 2.58 0.51 1.18 0.51 

Organism 3 0.73 0.51 0.63 0.65 0.20 0.17 

Body Substance 2 1.15 1.63 0.65 0.92 0.30 0.42 

Medical Device 2 1.15 1.63 1.00 1.41 0.15 0.21 

Anatomical 

Abnormality 

1 0.00 0.00 0.00 0.00 0.00 0.00 

Biomedical Occupation 

or Discipline 

1 2.00 0.00 1.30 0.00 1.30 0.00 

Functional Concept 1 3.00 0.00 3.00 0.00 2.00 0.00 

Intellectual Product 1 3.00 0.00 3.00 0.00 1.60 0.00 

Organism Attribute 1 0.00 0.00 0.00 0.00 0.00 0.00 

Organism Function 1 2.00 0.00 2.00 0.00 0.30 0.00 
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The source annotations and corresponding hyperlinks for the cases that had the best 

assessment – where all experts gave a positive rating (score of 3) for Q3 – are shown in Table 

5-9. All of the hyperlinks were retrieved from portal resources except for ‘stroke’ and 

‘afebrile’ for which hyperlinks were retrieved from definition-only resources. The major 

portal resource which provided good topical relevancy and quality information was 

MedlinePlus. The semantic types of these annotations vary and among these the major 

semantic types were Pharmacologic Substance, Disease or Syndrome and Sign or Symptom. 

The source annotations and corresponding hyperlinks for all negatively rated cases (score 0) 

in all three questions are shown in Table 5-10. Analysis of the errors reveals a range of root 

causes. The dominant cause ‘WordNet definition in pieces’ is the separate WordNet 

definitions were provided for the terms within a compound phrase. However, WordNet was 

found to be effective in cases of hyperlinks for single terms. For example, the WordNet 

definition provided for ‘sternomastoid’ has hyperlink scores of 2.3, 2.3 and 1.3 for the three 

questions. The second major cause of decreased performance is indirection in the form of 

links in Yahoo! Kids dictionary which usually gives entries with a different part of speech 

from the searched term; for example, for the search term ‘crackles’, the resulting Web pages 

provide links to two dictionary entries ‘crackle (verb)’ and ‘crackling (noun)’. Another cause 

is the selection of pages having term frequency less than one; for example, for the term ‘bone 

lesion’, the algorithm chose a page having title ‘bone lesion biopsy’ which has a term 

frequency of 0.66. Finally, in the case of ‘tonsils’ the stemming algorithm used in SemLink 

introduced an error by stemming the annotated term ‘tonsils’ and the page title ‘tonsillitis’ to 

the same root stem ‘tonsil’. 

Table 5-9. Sources having score 3 in Q3 

Source Annotation Hyperlink Semantic Type 

CXR http://www.nhlbi.nih.gov/health/dci/Diseases/cxra
y/cxray_whatis.html 

Diagnostic Procedure 

paracetamol http://www.nlm.nih.gov/medlineplus/druginfo/me
ds/a681004.html 

Pharmacologic Substance 

felodipine http://www.nlm.nih.gov/medlineplus/druginfo/me
ds/a692016.html 

Pharmacologic Substance 

senna 2 http://www.nlm.nih.gov/medlineplus/druginfo/nat
ural/652.html 

Plant 

bone tenderness http://www.nlm.nih.gov/medlineplus/ency/article/
003180.htm 

Sign or Symptom 

IDC http://www.nlm.nih.gov/medlineplus/ency/patient Disease or Syndrome 
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Source Annotation Hyperlink Semantic Type 

instructions/000140.htm 

fever http://www.nlm.nih.gov/medlineplus/fever.html Sign or Symptom 

folic acid http://www.nlm.nih.gov/medlineplus/folicacid.ht
ml 

Pharmacologic Substance 

heart failure http://www.nlm.nih.gov/medlineplus/heartfailure.
html 

Disease or Syndrome 

high BP http://www.nlm.nih.gov/medlineplus/highbloodpr
essure.html 

Sign or Symptom 

analgesics http://www.nlm.nih.gov/medlineplus/painrelievers
.html 

Pharmacologic Substance 

rash http://www.nlm.nih.gov/medlineplus/rashes.html Pathologic Function 

cardiomegaly http://www.mayoclinic.com/health/enlarged-
heart/DS01129/METHOD=print 

Finding 

dehydration http://www.mayoclinic.com/print/dehydration/DS
00561/DSECTION=all&METHOD=print 

Disease or Syndrome 

fecal incontinence http://digestive.niddk.nih.gov/ddiseases/pubs/feca
lincontinence/index.htm 

Disease or Syndrome 

urinary retention http://kidney.niddk.nih.gov/Kudiseases/pubs/Urin
aryRetention/ 

Finding 

ORIF http://orthopedics.about.com/cs/brokenbones/g/o
rif.htm 

Therapeutic or Preventive 
Procedure 

MSU http://www.patient.co.uk/health/Midstream-
Specimen-of-Urine-(MSU).htm 

Disease or Syndrome 

flucloxacillin http://www.patient.co.uk/medicine/Flucloxacillin.h
tm 

Pharmacologic Substance 

brufen http://www.racgp.org.au/cmi/abcbrufn.pdf Pharmacologic Substance 

losec http://www.familydoctor.co.nz/index.asp?U=condi
tions&A=10104 

Pharmacologic Substance 

voltaren http://www.webmd.com/drugs/drug-54-
Voltaren+Oral.aspx?drugid=54&drugname=Voltare
n+Oral 

Pharmacologic Substance 

augmentin http://www.webmd.com/drugs/mono-5240-
AMOXICILLIN%2FCLAVULANIC+ACID+875+MG%2F1
25+MG+-
+ORAL.aspx?drugid=4333&drugname=Augmentin+
Oral 

Pharmacologic Substance 

INR http://healthengine.com.au/info/INR_Test Laboratory Procedure 

stroke http://www.medterms.com/script/main/art.asp?ar
ticlekey=2676 

Disease or Syndrome 

afebrile http://kids.yahoo.com/reference/dictionary/englis
h/search?query=afebrile 

Finding 
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Table 5-10. Disagreed hyperlinks (Q1, Q2, Q3) 

Source Annotation  Hyperlink Reason 

adnexal tenderness WordNet\adnexal_tenderness.htm WordNet definition in pieces 

cervical excitation  WordNet \cervical_excitation.htm WordNet definition in pieces 

chest clear WordNet \chest_clear.htm WordNet definition in pieces 

costophrenic angles WordNet \costophrenic_angles.htm WordNet definition in pieces 

fluid overloaded  WordNet \fluid_overloaded.htm WordNet definition in pieces 

palpable masses  WordNet \mass_palpable.htm WordNet definition in pieces 

resistant to penicillin  WordNet \resistant_pencillin.html WordNet definition in pieces 

right oblique fissure WordNet \right_oblique_fissure.htm WordNet definition in pieces 

tender right iliac fossa  WordNet \tender_right_iliac_fossa.htm WordNet definition in pieces 

adnexal_masses WordNet \adnexal_mass.html WordNet definition in pieces 

haemodynamically 
stable 

WordNet \haemodynamically_stable.html WordNet definition in pieces 

crackles http://kids.yahoo.com/reference/dictionary/englis
h/search?query=crackles 

indirection 

effusions http://kids.yahoo.com/reference/dictionary/englis
h/search?query=effusion 

non medical context 

Etoh http://kids.yahoo.com/reference/dictionary/englis
h/search?query=ethanol 

indirection 

grommets http://kids.yahoo.com/reference/dictionary/englis
h/search?query=grommets 

non medical context 

hilum http://kids.yahoo.com/reference/dictionary/englis
h/search?query=hilum 

wrong context 

incontinence http://kids.yahoo.com/reference/dictionary/englis
h/search?query=incontinence 

indirection 

arthritis http://www.familydoctor.co.nz/index.asp?U=condit
ions&C=761 

indirection 

bone lesion http://www.nlm.nih.gov/medlineplus/ency/article/
003923.htm 

TF<1 

lamisil http://www.webmd.com/drugs/drug-12422-
Lamisil+Oral.aspx?drugid=12422&drugname=Lamisi
l+Oral 

TF<1 

tonsils http://www.mayoclinic.com/health/tonsillitis/DS00
273/DSECTION=complications 

stemming error 

lung lesion http://www.webmd.com/video/fetal-lung-lesions indirection 

Table 5-11 shows annotations and corresponding hyperlinks for all cases having cumulative 

scores of <  2 and > 0 by expert 1 and expert 2.  The main cause in these cases is a term 

frequency less than 1 in the hyperlinked pages. Second is the hyperlink to a preferred term or 

http://kids.yahoo.com/reference/dictionary/english/search?query=crackles
http://kids.yahoo.com/reference/dictionary/english/search?query=crackles
http://kids.yahoo.com/reference/dictionary/english/search?query=ethanol
http://kids.yahoo.com/reference/dictionary/english/search?query=ethanol
http://kids.yahoo.com/reference/dictionary/english/search?query=grommets
http://kids.yahoo.com/reference/dictionary/english/search?query=grommets
http://www.familydoctor.co.nz/index.asp?U=conditions&C=761
http://www.familydoctor.co.nz/index.asp?U=conditions&C=761
http://www.webmd.com/drugs/drug-12422-Lamisil+Oral.aspx?drugid=12422&drugname=Lamisil+Oral
http://www.webmd.com/drugs/drug-12422-Lamisil+Oral.aspx?drugid=12422&drugname=Lamisil+Oral
http://www.webmd.com/drugs/drug-12422-Lamisil+Oral.aspx?drugid=12422&drugname=Lamisil+Oral
http://www.mayoclinic.com/health/tonsillitis/DS00273/DSECTION=complications
http://www.mayoclinic.com/health/tonsillitis/DS00273/DSECTION=complications
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synonym rather than the annotated term itself. For example, the acronym NAD provides a 

page with a title of its long form; No abnormality detected. In case of ‘meningism’ and 

‘mastoids’, the stemming technique introduced an error and hyperlinked to Web pages having 

title ‘meningitis’ and ‘mastoiditis’ respectively.  

Table 5-11. Resource not topically relevant (agreed by two experts) 

Annotation Hyperlink Score Reason 

simple cyst http://kidney.niddk.nih.gov/kudiseases/pubs/cysts/ 1.30 TF<1 

purulent 
discharge 

http://www.medterms.com/script/main/art.asp?artic
lekey=21858 

1.30 TF<1 

microscopy http://kids.yahoo.com/reference/dictionary/english/s
earch?query=microscopy 

1.30 indirection 

bleeding_PV http://www.healthline.com/adamcontent/vaginal-
bleeding-between-periods 

1.30 TF<1 

methotrexate http://www.healthline.com/ahfscontent/methotrexa
te 

1.30 TF<1 

peritonism http://www.mayoclinic.com/health/peritonitis/DS00
990/METHOD=print 

1.30 wrong synonym 

enterococcus http://kids.yahoo.com/reference/dictionary/english/s
earch?query=enterococcus 

1.30 not identified 

mass in the 
ovaries 

http://wdxcyber.com/ncanc08.htm 1.30 TF<1 

ears some 
blood 

http://www.nlm.nih.gov/medlineplus/ency/article/00
3042.htm 

1.30 TF<1 

potassium http://www.nlm.nih.gov/medlineplus/druginfo/meds
/a601099.html 

1.30  wrong context 

mobilising http://kids.yahoo.com/reference/dictionary/english/s
earch?query=Mobilizing 

1.30 not identified 

orthopaedic http://www.healthline.com/galecontent/orthopedic-
surgery 

1.00 TF<1 

meningism http://www.healthline.com/adamcontent/meningitis 1.00 stemming error 

GCS http://www.mayoclinic.com/print/gonorrhea/DS0018
0/DSECTION=all&METHOD=print 

1.00 wrong synonym 

mastoids http://www.nlm.nih.gov/medlineplus/ency/article/00
1034.htm 

1.00 stemming error 

NAD NAD.html 1.00 map to long form  

mane WordNet\mane.htm 1.00 map to long form 

pubic http://www.merriam-
webster.com/medlineplus/pubic%20bone 

1.00 indirection 

clots http://health.yahoo.net/galecontent/coagulation-
disorders/8 

1.00 map to synonym 

http://kidney.niddk.nih.gov/kudiseases/pubs/cysts/
http://www.medterms.com/script/main/art.asp?articlekey=21858
http://www.medterms.com/script/main/art.asp?articlekey=21858
http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy
http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy
http://www.healthline.com/adamcontent/vaginal-bleeding-between-periods
http://www.healthline.com/adamcontent/vaginal-bleeding-between-periods
http://www.healthline.com/ahfscontent/methotrexate
http://www.healthline.com/ahfscontent/methotrexate
http://www.mayoclinic.com/health/peritonitis/DS00990/METHOD=print
http://www.mayoclinic.com/health/peritonitis/DS00990/METHOD=print
http://kids.yahoo.com/reference/dictionary/english/search?query=enterococcus
http://kids.yahoo.com/reference/dictionary/english/search?query=enterococcus
http://wdxcyber.com/ncanc08.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003042.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003042.htm
http://www.nlm.nih.gov/medlineplus/druginfo/meds/a601099.html
http://www.nlm.nih.gov/medlineplus/druginfo/meds/a601099.html
http://kids.yahoo.com/reference/dictionary/english/search?query=Mobilizing
http://kids.yahoo.com/reference/dictionary/english/search?query=Mobilizing
http://www.healthline.com/galecontent/orthopedic-surgery
http://www.healthline.com/galecontent/orthopedic-surgery
http://www.healthline.com/adamcontent/meningitis
http://www.mayoclinic.com/print/gonorrhea/DS00180/DSECTION=all&METHOD=print
http://www.mayoclinic.com/print/gonorrhea/DS00180/DSECTION=all&METHOD=print
http://www.nlm.nih.gov/medlineplus/ency/article/001034.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001034.htm
http://www.merriam-webster.com/medlineplus/pubic%20bone
http://www.merriam-webster.com/medlineplus/pubic%20bone
http://health.yahoo.net/galecontent/coagulation-disorders/8
http://health.yahoo.net/galecontent/coagulation-disorders/8
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Annotation Hyperlink Score Reason 

normal gait WordNet \normal_gait.htm 0.60 WordNet definition  

feacelis http://www.healthline.com/galecontent/stool-o-p-
test 

0.60 TF<1 

warfarin http://www.mayoclinic.com/print/warfarin/HQ01614
/METHOD=print 

0.60 TF<1 

LFT's http://www.nlm.nih.gov/medlineplus/ency/imagepag
es/9533.htm 

0.30 map to long form 

thoracic spine http://www.nlm.nih.gov/medlineplus/ency/article/00
3806.htm 

0.30 TF<1 

blood in the 
vagina 

 WordNet \blood_in_vagina.htm 0.30 WorldNet definition in 
pieces 

lower abdomen  WordNet \lower_abdomen.htm 0.30 WorldNet definition in 
pieces 

no headache http://www.health.com/health/condition-
article/0,,20327073,00.html 

0.30 TF<1 

perfused http://kids.yahoo.com/reference/dictionary/english/s
earch?query=Perfusion 

0.30 non medical context 

staph aurues http://www.niaid.nih.gov/topics/antimicrobialresista
nce/examples/mrsa/pages/default.aspx 

0.30 wrong concept 

Table 5-12 provides the cases for which rater 1 and rater 2 rated positively for the provision 

of meaning but not for the provision of post-discharge care information. For 21 cases one 

rater was positive and one gave a neutral opinion about the provision of post-discharge 

information. For the cases having score 1 or less, the major cause (11 cases) is a hyperlink to 

a definition-only page. 

http://www.healthline.com/galecontent/stool-o-p-test
http://www.healthline.com/galecontent/stool-o-p-test
http://www.mayoclinic.com/print/warfarin/HQ01614/METHOD=print
http://www.mayoclinic.com/print/warfarin/HQ01614/METHOD=print
http://www.health.com/health/condition-article/0,,20327073,00.html
http://www.health.com/health/condition-article/0,,20327073,00.html
http://kids.yahoo.com/reference/dictionary/english/search?query=Perfusion
http://kids.yahoo.com/reference/dictionary/english/search?query=Perfusion
http://www.niaid.nih.gov/topics/antimicrobialresistance/examples/mrsa/pages/default.aspx
http://www.niaid.nih.gov/topics/antimicrobialresistance/examples/mrsa/pages/default.aspx
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Table 5-12. Agreement between two experts for Q2 but not for Q3 

Source Annotation Hyperlink Score 

diarrhea http://digestive.niddk.nih.gov/ddiseases/pubs/diarrhea_ez/ 1.3 

constipation http://familydoctor.org/online/famdocen/home/common/digestive/basics/037.printerview.html 1.3 

no focal neurology http://www.healthline.com/adamcontent/focal-neurological-deficits 1.3 

BP http://www.healthline.com/galecontent/blood-pressure-measurement 1.3 

SOB http://www.mayoclinic.com/health/shortness-of-breath/MY00119/METHOD=print&DSECTION=all 1.3 

dizzy http://www.mayoclinic.com/print/dizziness/DS00435/DSECTION=all&METHOD=print 1.3 

bruising http://www.mayoclinic.com/print/first-aid-bruise/FA00039/METHOD=print 1.3 

cramps http://www.mayoclinic.com/print/muscle-cramp/DS00311/DSECTION=all&METHOD=print 1.3 

left hemidiaphragm http://www.medterms.com/script/main/art.asp?articlekey=34231 1.3 

CXR http://www.nhlbi.nih.gov/health/dci/Diseases/cxray/cxray_whatis.html 1.3 

antibiotics http://www.nlm.nih.gov/medlineplus/antibiotics.html 1.3 

contraception http://www.nlm.nih.gov/medlineplus/birthcontrol.html 1.3 

cellulitis http://www.nlm.nih.gov/medlineplus/cellulitis.html 1.3 

propanolol http://www.nlm.nih.gov/medlineplus/druginfo/meds/a682607.html 1.3 

large prostate http://www.nlm.nih.gov/medlineplus/ency/article/000381.htm 1.3 

mastoiditis http://www.nlm.nih.gov/medlineplus/ency/article/001034.htm 1.3 

spondylolisthesis http://www.nlm.nih.gov/medlineplus/ency/article/001260.htm 1.3 

pregnancy test http://www.nlm.nih.gov/medlineplus/ency/article/003432.htm 1.3 

Hb http://www.nlm.nih.gov/medlineplus/ency/article/003645.htm 1.3 

scoliosis of the thoracic spine http://www.patient.co.uk/health/Scoliosis-(Curvature-of-the-Spine).htm 1.3 

thigh pain http://www.stjohnprovidence.org/HealthInfoLib/swArticle.aspx?2,77 1.3 



Chapter 5. SemLink Evaluation by Expert Feedback 

115 
 

Source Annotation Hyperlink Score 

cholecalciferol http://www.medterms.com/script/main/art.asp?articlekey=25376 1 

back pain http://www.nlm.nih.gov/medlineplus/backpain.html 1 

neck pain http://www.nlm.nih.gov/medlineplus/ency/article/003025.htm 1 

muscle pain http://www.nlm.nih.gov/medlineplus/ency/article/003178.htm 1 

sternomastoid WordNet\sternomastoid.htm 1 

afebrile http://kids.yahoo.com/reference/dictionary/english/search?query=afebrile 0.6 

osteophytes http://kids.yahoo.com/reference/dictionary/english/search?query=osteophytes 0.6 

vertebral http://www.health.com/health/library/mdp/0,,stv5380,00.html 0.6 

pelvis http://www.health.com/health/library/mdp/0,,ug2574,00.html 0.6 

hCG http://www.health.com/health/library/topic/0,,hw42062_hw42065,00.html 0.6 

anterior http://www.healthline.com/adamcontent/anterior 0.6 

ADI http://www.medterms.com/script/main/art.asp?articlekey=2152 0.6 

ADLs http://www.medterms.com/script/main/art.asp?articlekey=2152 0.6 

left superior http://www.medterms.com/script/main/art.asp?articlekey=9286 0.6 

CT http://www.nlm.nih.gov/medlineplus/ctscans.html 0.6 

IV http://www.nlm.nih.gov/medlineplus/ency/article/002383.htm 0.6 

NAD WordNet\NAD.htm 0.6 

afebrile http://kids.yahoo.com/reference/dictionary/english/search?query=afebrile 0.3 

swabs http://kids.yahoo.com/reference/dictionary/english/search?query=swab 0.3 

BPH http://www.nlm.nih.gov/medlineplus/ency/article/003977.htm 0.3 

flex WordNet\joint_flexon.htm 0.3 
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5.2.3. Quality Issues in Hyperlinked Pages 

We used thematic coding for finding the quality issues identified by experts’ free text 

responses (in Q4) on the dynamic hyperlinking provided by SemLink. The results of thematic 

coding, focusing on the quality issues in hyperlinked pages with most deficiencies, are shown 

in Table 5-13. N is the total number of codes assigned for every segment of the comment (see 

section 3.3.1). In the remainder of this section, we summarize the issues found in hyperlinked 

Web Pages, which are grouped under themes.  

Table 5-13. Comments regarding deficiencies by category per section 

Themes (N) Sub-themes (N) 
Information quality (72) Improper description (9) 

Needs clinical context (10) 

Not specific (2) 

Too much information (5) 

Little information (22) 

Incorrect information (9) 

Inappropriate definition (8) 

Patient profile (2) 

Local protocol (5) 

Annotation quality (8) Improper preferred term (3) 

Improper synonym (5) 

Ease of access (23) Video (2) 

Difficult presentation (10) 

Adverts (7) 

Contains links (4) 

Language (19) Difficult terms in definition (8) 

Difficult terms in Web page (11) 

At least one of the experts found quality issues in 65 of the hyperlinked pages. Nine 

comments were made about an improper description of the annotated term in the hyperlinked 

page. For 10 pages expert(s) feel that information needed clinical context to be more 

informative in the EDS context. In 22 pages, one of the experts found that ‘little information’ 

was provided, among which the most common comment was ‘just definition’. Nine pages 

were found to provide ‘incorrect information’, and 8 ‘inappropriate definition’. In 5 pages, 
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the expert(s) found information deviating from New Zealand protocols. Although patient 

profile is anonymous in our EDS set, two comments pointed that it would be beneficial if the 

algorithm would consider patient profile as well. For example, for the hyperlinked page for 

the term ‘UTI’, one of the experts said that “this page would be useful if the patient is 

female”. Two comments pointed out that information was not specific to the particular EDS 

context. For five pages one of the experts pointed out that ‘too much information’ was 

provided.  

Table 5-14 shows the sources in which one or more experts found that “little information’ 

was provided in the Web page that would help patients in their post-discharge care. Half of 

these were definition-only sources for which the most common comment was “no 

management aspects”. Five hyperlinks were selected from MedlinePlus for which expert(s) 

commented that the information was brief but correct and would be better if information 

about management and outcome was also included.  

Table 5-14. Sources having ‘little information’ for consumers 

Source Annotation Hyperlink 

swabs  http://kids.yahoo.com/reference/dictionary/english/search?query=swab 

smear http://kids.yahoo.com/reference/dictionary/english/search?query=Smear 

enterococcus http://kids.yahoo.com/reference/dictionary/english/search?query=enterococcus 

microscopy http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy 

afebrile http://kids.yahoo.com/reference/dictionary/english/search?query=afebrile 

sternomastoid WordNet \sternomastoid.htm 

lower abdomen WordNet\lower_abdomen.htm 

flex WordNet\joint_flexon.htm 

histology http://www.medterms.com/script/main/art.asp?articlekey=7318 

ADI http://www.medterms.com/script/main/art.asp?articlekey=2152 

adenoidal http://www.merriam-webster.com/medlineplus/pharyngeal%20tonsil 

abdo pain http://www.nlm.nih.gov/medlineplus/abdominalpain.html 

lymphadenopathy http://www.nlm.nih.gov/medlineplus/ency/imagepages/9014.htm 

BPH http://www.nlm.nih.gov/medlineplus/ency/article/003977.htm 

warfarin http://www.mayoclinic.com/print/warfarin/HQ01614/METHOD=print 

cellulitis http://www.nlm.nih.gov/medlineplus/cellulitis.html 

IV http://www.nlm.nih.gov/medlineplus/ency/article/002383.htm 

MSU http://www.patient.co.uk/health/Midstream-Specimen-of-Urine-(MSU).htm 

http://kids.yahoo.com/reference/dictionary/english/search?query=swab
http://kids.yahoo.com/reference/dictionary/english/search?query=Smear
http://kids.yahoo.com/reference/dictionary/english/search?query=enterococcus
http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy
http://kids.yahoo.com/reference/dictionary/english/search?query=afebrile
http://www.nlm.nih.gov/medlineplus/abdominalpain.html
http://www.nlm.nih.gov/medlineplus/ency/imagepages/9014.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003977.htm
http://www.mayoclinic.com/print/warfarin/HQ01614/METHOD=print
http://www.nlm.nih.gov/medlineplus/cellulitis.html
http://www.nlm.nih.gov/medlineplus/ency/article/002383.htm
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Source Annotation Hyperlink 

staph aurues http://www.niaid.nih.gov/topics/antimicrobialresistance/examples/mrsa/pages/d
efault.aspx 

nitrofurantoin http://www.healthline.com/ahfscontent/nitrofurantoin 

feacelis http://www.healthline.com/galecontent/stool-o-p-test 

INR http://healthengine.com.au/info/INR_Test 

Table 5-15 shows the sources in which ‘clinical context’ needed to be incorporated to better 

describe the annotated term. The definitions of ‘microscopy’ and ‘effusion’ were provided by 

Yahoo! Kids dictionary, and hence lacked medical context. The other reason was a different 

context of the term used in Web page from that in the source text; for example, ‘mastoids’ 

referred to anatomical structure in the EDS text but the hyperlinked page refers to 

‘mastoiditis’ which is pathology. Another example is ‘bone lesion’ which was used in the 

EDS to mention a disorder but the hyperlinked page discussed it as a diagnostic procedure. 

Similarly, for 'potassium' one of the experts noted that ‘monitoring blood level is the context 

but link goes to potassium as a medication’. 

Table 5-15. Sources having wrong or missing ‘clinical context’ 

Source Annotation Hyperlink Semantic Type 

tonsils  http://www.mayoclinic.com/health/tonsillitis/DS0
0273/DSECTION=complications 

Body part organ or organ 
component 

microscopy http://kids.yahoo.com/reference/dictionary/englis
h/search?query=microscopy 

Laboratory procedure 

no headache http://www.health.com/health/condition-
article/0,,20327073,00.html 

Finding 

mastoids http://www.nlm.nih.gov/medlineplus/ency/article/
001034.htm 

Body part organ or organ 
component 

thoracic spine http://www.nlm.nih.gov/medlineplus/ency/article/
003806.htm 

Body part organ or organ 
component 

effusions http://kids.yahoo.com/reference/dictionary/englis
h/search?query=effusion 

Pathologic function 

bone lesion http://www.nlm.nih.gov/medlineplus/ency/article/
003923.htm 

Disease or syndrome 

simple cyst http://kidney.niddk.nih.gov/kudiseases/pubs/cysts/ Body part organ or organ 
component 

potassium http://www.nlm.nih.gov/medlineplus/druginfo/me
ds/a601099.html 

Biologically active substance 

http://www.niaid.nih.gov/topics/antimicrobialresistance/examples/mrsa/pages/default.aspx
http://www.niaid.nih.gov/topics/antimicrobialresistance/examples/mrsa/pages/default.aspx
http://www.healthline.com/ahfscontent/nitrofurantoin
http://www.healthline.com/galecontent/stool-o-p-test
http://healthengine.com.au/info/INR_Test
http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy
http://kids.yahoo.com/reference/dictionary/english/search?query=microscopy
http://www.health.com/health/condition-article/0,,20327073,00.html
http://www.health.com/health/condition-article/0,,20327073,00.html
http://www.nlm.nih.gov/medlineplus/ency/article/001034.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001034.htm
http://kidney.niddk.nih.gov/kudiseases/pubs/cysts/
http://www.nlm.nih.gov/medlineplus/druginfo/meds/a601099.html
http://www.nlm.nih.gov/medlineplus/druginfo/meds/a601099.html
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Ease-of-access issues are noted in 25 pages, in which the most common, 12 comments, was 

‘difficult presentation’. Seven pages were found to have unrelated advertisements. Four pages 

contained redirections in the form of links, but in all cases experts found these links to be 

useful. For 2 pages having video about the annotated concept, one of the experts pointed out 

that “People might not have time or have necessary players setup in their browser”. Table 5-

16 shows the sources found to have difficult presentation of information. The major sources 

found to have presentation issues were Healthline and WebMD. For Healthline the major 

issue was that “lots of ads make it difficult to follow”. WebMD was criticised for having 

indirections for the required information. 

Table 5-16. Sources found to have ‘difficult presentation’  

Source Annotation Hyperlink 

metoprolol  http://www.healthline.com/ahfscontent/metoprolol 

simvastatin  http://www.healthline.com/ahfscontent/simvastatin 

nitrofuratoin  http://www.healthline.com/goldcontent/nitrofurantoin 

accuretic  http://www.webmd.com/drugs/drug-18141-
accuretic+oral.aspx?drugid=18141&drugname=accuretic+oral 

augmentin  http://www.webmd.com/drugs/mono-5240-
AMOXICILLIN%2FCLAVULANIC+ACID+875+MG%2F125+MG+-
+ORAL.aspx?drugid=4333&drugname=Augmentin+Oral 

cardiomegaly  http://www.mayoclinic.com/health/enlarged-heart/DS01129/METHOD=print 

dehydration  http://www.mayoclinic.com/print/dehydration/DS00561/DSECTION=all&METHOD=pr
int 

ORIF  http://orthopedics.about.com/cs/brokenbones/g/orif.htm 

vertebral  http://www.health.com/health/library/mdp/0,,stv5380,00.html 

left lower lobe  http://www.int-
med.uiowa.edu/TrainingPrograms/Pulmonary/cxranatomyreview/sld030.htm 

left superior  http://www.medterms.com/script/main/art.asp?articlekey=9286 

Nineteen pages were found to have vocabulary issues, among which 11 pages selected from 

consumer portals and shown in Table 5-17 were found to contain difficult vocabulary. For 

these cases, again Healthline and WebMD were the main sources which contain medical 

terms in consumer-specific information. In addition, for 8 pages selected from dictionary 

resources, expert(s) found them to contain vocabulary that a common person might find 

unfamiliar. 
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Table 5-17. Sources having ‘vocabulary issues’ for consumers 

Source Annotation Hyperlink 

metoprolol http://www.healthline.com/ahfscontent/metoprolol 

simvastatin http://www.healthline.com/ahfscontent/simvastatin 

bleeding_PV http://www.healthline.com/adamcontent/vaginal-bleeding-between-periods 

methotrexate http://www.healthline.com/ahfscontent/methotrexate 

ORIF http://orthopedics.about.com/cs/brokenbones/g/orif.htm 

lamisil http://www.webmd.com/drugs/drug-12422-
Lamisil+Oral.aspx?drugid=12422&drugname=Lamisil+Oral 

accuretic http://www.webmd.com/drugs/drug-18141-
accuretic+oral.aspx?drugid=18141&drugname=accuretic+oral 

pregnancy test http://www.nlm.nih.gov/medlineplus/ency/article/003432.htm 

adenoidal http://www.merriam-webster.com/medlineplus/pharyngeal%20tonsil 

mass in the ovaries http://wdxcyber.com/ncanc08.htm 

Eight terms were found to have annotation quality issues, among which 3 terms were 

provided with an inappropriate preferred term. For example, ‘GCS’ and ‘staph aureus’ were 

mapped to ‘gonorrhea’ and ‘MRSA’ respectively by UMLS. In addition, 5 comments noted 

improper provision of a synonym used in the hyperlinking algorithm. For example, 

‘meningism’ was provided the synonym ‘meningitis like’ which was found to be incorrect by 

one of our experts.  

Table 5-18 shows the frequency distribution of sources retrieved by Google first hit for the 

annotated terms or phrases in our test corpus. Nearly half of the Web pages were retrieved 

from Wikipedia; a MedlinePlus resource was retrieved in only 14 cases. For the abbreviations 

in our corpus, Google usually retrieved a non-medical page. For example, for the 

abbreviation ‘BP’ (‘blood pressure’ in our context), the Google first hit was the homepage of 

the petroleum company “BP global”. The results also reveal that Google’s first hit may be 

from yellow pages, YouTube or non-medical resources. The results also included resources 

aimed at physicians; for example, www.racgp.org.au and www.rxlist.com. 
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Table 5-18. Frequency distribution of Google first hit sources 

Source of Google first hit Frequency 

Wikipedia 80 

MedlinePlus 14 

Non-medical sites 12 

Free dictionary 10 

Drugs.com 5 

Medicinenet 4 

New Zealand sites  3 

WikiHow 2 

www.rxlist.com 2 

Yahoo! 2 

About.com 2 

NetDoctor.co.uk 2 

Canada.com 2 

Familydoctor.org 1 

Medterms 1 

WikiRadiography 1 

Medscape 1 

Cleveland clinic 1 

The Royal Australian College of General Practitioners 1 

guidebook 1 

MedHelp 1 

iVillage 1 

healthboards.com 1 

http://qap.sdsu.edu 1 

Yellow pages 1 

ehealthforum 1 

YouTube 1 

sportsinjuryclinic 1 

Patientuk 1 
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5.3. Discussion 

The need to improve the readability of clinical text for consumers is growing, as more 

patients gain access to their records through PHRs. We have designed and implemented a 

prototype system with embedded semantic annotations in the form of synonyms and dynamic 

hyperlinks to selected internet resources in order to provide readability assistance for 

consumers. 

Dynamic hyperlinking to uncontrolled Web resources is inherently challenging. In expert 

feedback, 65% of Web pages were deemed to be topically relevant as judged by a majority of 

experts, which is encouraging. For 20% of Web pages, at least one of the experts was positive 

or neutral about the topical relevancy of the hyperlinked page. Overall, this indicates that our 

approach is usually successful in providing consumer-oriented material to support the 

readability of the EDSs.  However the results of 15% of hyperlinked pages being rated as 

lacking topical relevancy is troubling, with a chief cause being hyperlinking to WordNet 

definitions for compound phrases. The SemLink hyperlink creation is performed dynamically 

by selecting URIs at the time of creating the EDS document in PDF format. Therefore, most 

of the errors could be corrected by introducing an annotations filtering mechanism for the 

cases where no appropriate portal resource is available for selection by the algorithm. 

Some pages in our test set suffered from the limitations of term frequency as a basis for 

resource selection: for example, “bone lesion” was hyperlinked to a Web page titled ‘bone 

lesion biopsy’. In the future these weights could be examined and different schemes to select 

topic-specific resource could be applied. For example, the term frequency metric could 

benefit from additional ontological knowledge encoded in UMLS: perhaps if two concepts 

are siblings, they would be used in the term frequency metric to identify related page, but not 

for more distantly related terms (such as ‘bone lesion’ and ‘biopsy’). In addition, other than 

the readability score our algorithm did not examine page content for its relatedness to the 

annotated term or synonym. Machine learning technique and classification models could be 

used to identify content topics and information resources for a particular context in EDSs. 

The other sources of the performance gap are diverse but broadly can be related to the fact 

that term mappings and their associated semantic types were obtained from the UMLS, and 

some of them were not applicable to the context of the EDSs. Abbreviations were often 

associated with wrong definitions, because they are highly ambiguous. This is true within the 

medical domain. For example, GCS was defined as ‘Gonorrhea’ by UMLS whereas our 
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physician defined it as ‘Glasgow Coma Scale’. Many of the abbreviations have multiple long 

forms, giving rise to word sense disambiguation problems which we have not addressed in 

this study.  

The three experts exhibited substantial individual differences in agreement to the 

questionnaire prompts regarding the appropriateness of the SemLink annotations, reflecting 

their individual perspective and values. Given this variation, we acknowledge that we are 

limited in our confidence regarding the absolute level of professional support in terms of 

percentage of links that were ‘successful’. However, the trends in the ratings are sufficiently 

consistent to identify key areas of poorest performance (notably when the algorithm falls 

through to WordNet) and of best performance (e.g. when online resources from MedlinePlus 

are available, and for UMLS semantic types Pharmacologic Substance, Disease or Syndrome 

and Sign or Symptom). 

Finally, SemLink was not evaluated by consumers within the scope of this thesis because 

there is no such thing as a ‘generic consumer’. Health consumers are of different types and 

have different levels of health literacy.  Therefore, to evaluate our dynamic hyperlinking 

capability to assist consumers in finding related online information, we had medically trained 

experts – qualified to judge the suitability of the information for the particular cases – as the 

assessors for our output. The results of the present study show that the algorithm as evaluated 

still offers a considerable number of potentially misleading links. Therefore, we believe that 

the current evaluation was indeed a necessary step on the road to a safe system for 

consumers. However, user evaluations of SemLink with particular groups of users, for 

example patients having breast cancer, would be a good next step to assess its 

appropriateness in terms of consumer empowerment and improvement of their health 

knowledge.  

Several systems reported in the literature have objectives similar to our own. Closest to our 

own semantic annotation approach, Baorto and Cimino have built an Infobutton manager to 

provide knowledge support for consumers in the text of online Pap smear reports by 

providing context-specific linking from online resources [121]. In another study Infobuttons 

are utilized to generate topic-specific links for health professional by providing a Web page 

that contains links to information resources that may be relevant in the particular context of 

the interaction between clinician and a computer [119]. Infobuttons are found to be helpful 

[117, 118], however, they generate contextualized rather than term-based links and may not 
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provide vocabulary and knowledge support for most of the difficult terms in the report. 

Another example of providing contextualized browsing for health professionals [125] is the 

health portal of the National electronic Library of Infection (NeLI). In NeLI the terms being 

visited in Web pages are highlighted and semantically annotated to add  dynamic links to 

related pages within the portal [125].  

Taking a more patient-centered approach, Luo et al. [122] implemented a prototype 

Intelligent Consumer-Centric Electronic Medical Record (iCEMR) to provide 

recommendations of home medical products to consumers. iCEMR collects past medical 

history, diseases, symptoms, and other medical conditions from the users’ medical record and 

use this information to guide a search engine query. Then the Web search engine uses this 

information to automatically recommend home medical products tailored to a user’s medical 

situation and healthcare needs. Similarly, Dante [124] supported visually impaired Web 

travellers by automatic fragmentation of Web pages, which resulted in producing better Web 

mobility as compared to original Web pages. Zeng et al. [110] implemented a translator to 

reduce the vocabulary difficulty of consumers in personal health records. The translator 

identifies difficult terms, automatically replaces them with easier synonyms, and adds 

explanations for these terms in lay vocabulary. A potential drawback of this mechanism is 

that it hides the original text from the consumer. Elhadad et al. [112] developed the Technical 

Article Summarizer (TAS) to automatically generate tailored summaries of the relevant 

medical literature for both physicians and lay consumers. In a follow-up study, Elhadad [111] 

also presented a system aimed at improving lay readers’ comprehension of medical literature 

by automatically providing definitions for unfamiliar terms in the text. Both of these systems 

demonstrated a higher level of satisfaction among physicians and enabled lay consumers to 

quickly identify related information. However, these studies aimed to provide readability 

support for medical literature rather than clinical text. Specifically for discharge summaries, 

Zeng et al. introduced  pictographs  with discharge instructions [109, 113] which resulted in 

improving comprehension for consumers [113]. Potentially complementary to our approach, 

Miller et al. dynamically generated health topic overviews for consumer health Web pages 

[123]. The topic generator organized the information in Web pages into four preferred 

categories most commonly used by consumers.  

As discusses above, the iterative refinement and evaluation has exposed the limits of our term 

based annotation approach. To get significantly greater reliability in term linking will require 

a deeper interpretation of the match of the semantics of page titles with the semantics of the 
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terms; particularly for medical acronyms with multiple possible resolutions, explicit use of 

the context surrounding a term. An additional inherent limitation is that ideally helpful online 

material – written in appropriate consumer language – may not be available on the Web for 

every clinical concept. In the first instance, abandoning some of the resources that are less 

reliable for our purpose, particularly WordNet looks promising in terms of the quality of 

consumer reading support experience that could be delivered. 

When compared with Google’s first hit, the overall performance demonstrates that dynamic 

hyperlinking provides a promising alternative method to support consumer readability of 

complex clinical documents as compared to the de facto approach of allowing the consumers 

themselves to seek out difficult terms and carry out manual searches. One may question 

whether consumers should attempt to read the clinical management section of an EDS; an 

alternative focus is to strive to ensure that the advice to patient section is as complete as 

necessary. However, we believe that maximizing accessibility of the entire document, 

including the clinical communications, is in keeping with a spirit of consumer empowerment 

and supported self-management. 
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Chapter 6. SemAssist – Providing Semantic Recommendations for 

EDS Authors 

This chapter explains our prototype semantic recommendation system, SemAssist, which 

addresses the problem of sub-optimal advice for patients in their EDSs. SemAssist is a 

clinical decision support system which leverages a semantic annotations and decision support 

rule base to provide patient- and medication-specific authoring recommendations to the EDS 

author to enrich patient advice with medications information. The underlying decision 

support knowledge of SemAssist is modelled in a Medication Information ontology for a set 

of evidence-based high risk discharge medications; semantic annotations are produced using 

ontology based NLP.  

This chapter is organised as follows. Section 6.1 discusses the knowledge engineering 

process to identify the requirements of the Medication Information ontology. We discuss the 

bases of selecting high risk medication classes, specific drugs and their consumer information 

to be included in the ontology model. Section 6.2 presents the design of the Medication 

Information ontology and highlights the specification of ontology in terms of clinical 

concepts and the relationships between the ontology classes and instances. We discuss 

choices we made regarding patient properties and the population of the Medication 

Information ontology. Section 6.3 discusses the recommendation execution architecture of 

SemAssist. We discuss the rule base and natural language processing to produce semantic 

annotations in the SemAssist. Section 6.4 demonstrates how SemAssist generates patient 

advice recommendations and critiques for an example set of discharge medications. Finally, 

Section 6.5 contains a discussion.  

6.1. Knowledge Engineering for Medication Ontology 

Ontologies are used in many domains including knowledge engineering, natural language 

processing and knowledge representation. For the purpose of knowledge engineering, 

ontologies mainly play a role in analyzing, modelling and implementing the domain 

knowledge. This knowledge is not directly accessible, but has to be built up and structured 

during the knowledge acquisition phase. Usually, the knowledge is acquired by interviewing 

experts on how they solve specific tasks [202]. Another approach for building medical 

domain ontology as a foundation for knowledge-centric decision support is proposed in [203] 



Chapter 6.  SemAssist – Providing Semantic Recommendations for EDS Authors 

127 
 

in which the knowledge acquisition phase is based on heterogeneous data sources including 

textual corpora, practice guidelines, databases, terminological sources as well as existing 

ontologies and medical standards. This approach instantiates an underlying medical domain 

ontology and integrates it into a knowledge-based system to allow knowledge reasoning and 

inferring in a medical decision support system. We undertook both approaches and combined 

knowledge from available literature, clinical experts, an existing clinical ontology and 

terminological source, SNOMED, and a general purpose terminological resource, WordNet, 

to acquire knowledge necessary to model domain knowledge for SemAssist. 

Adverse events occur frequently after discharge from the hospital. Foster et al. [12, 204] 

found that one in five patients experienced an adverse event following discharge from 

hospital, in which the majority were adverse drug events (ADEs) and these resulted in 

Emergency department visits, re-admissions and deaths. The major causes of preventable and 

ameliorable adverse events are found to be system problems and poor communication 

between hospital care givers and patient and/or GPs. Patient education regarding medications 

and other therapies has been identified as one of the system problems which require 

improvement. According to Foster et al. [12]:  

more effort must be made to effectively communicate this information to 

the patient ------ the system changes should focus on teaching patients 

about drug therapies, side effects and what to do if specific problems 

develop. 

Patients are less likely to encounter an ADE if they can recall having side effects of 

prescribed medication explained [13]. It is also recommended that patient education should 

primarily focus on those patients receiving new or high-risk medications. These findings are 

further complemented by other studies.  Maniaci et al. [9] found that in general patients have 

limited knowledge about their medications and recommended redesigning discharge paper 

work to clearly show all new medications and standardizing the discharge process to improve 

patients’ understanding of their medications. Toren et al. [205] also found that most patients 

were unaware of side effects, any needed lifestyle changes and the correct medication 

schedules. These studies indicate the need for patient counselling with respect to medication 

therapy for optimal post-discharge self-care. The primary recommendations of these studies 

with respect to discharge medication information for patients can be summarized as:   
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• Educate patients about side effects, needed lifestyle changes, correct medication 

schedules and what to do if specific problems develop. 

• Primarily target patients receiving high-risk or new medications. 

Based on these recommendations, our approach to this problem involved the selection and 

modelling of high risk discharge medication classes, high risk drugs and their consumer 

related advice. Therefore, a Medication Information ontology needs to model patient-specific 

knowledge for discharge medications which have potential high risk of developing a post 

discharge ADE. Our selection of high risk medication classes is based on a study of post-

discharge ADEs by Foster et al. [13], who identified antibiotics, corticosteroids, 

cardiovascular drugs, analgesics and anticoagulants as causing the majority of post-discharge 

ADEs. Two categories ‘Primary High Risk Drugs’ and Secondary High Risk Drugs are 

therefore included to model drug-specific patient information in SemAssist. Primary high risk 

drugs are included by reviewing available literature to identify one specific drug in each class 

which is attributable to causing most post discharge ADEs. The identified ‘Primary High 

Risk Drugs’ are Warfarin, ACE-Inhibitor, Amoxicillin, Acetaminophen and Prednisone. 

Secondary High risk drugs were selected by a clinical expert based on a review of the 

frequency distribution of drugs in our included medication classes which are present in our 

EDS corpus. Thus, this category represents those drugs in our included medication classes 

which could cause most adverse events in our corpus of EDSs. The clinical expert 

recommended the inclusion of Grecyrl Trinitrate, Digoxin, Quinine, Ibuprofen and Morphine 

as Secondary High Risk Drugs. For the purpose of the prototype SemAssist, we designed the 

decision support in such a way that for Primary High Drugs it includes advice 

recommendations as well as critiques while for Secondary High Risk drugs it includes 

recommended advice only. The selected set of high risk medication classes, specific primary 

high risk drugs, their associated adverse events as identified by literature and specific 

secondary high risk drugs are shown in Table 6-1. 

Finally, we acquired drug-specific patient information for all the included high risk 

medications (to provide knowledge about drug therapies, side effects and what to do if 

specific problems develop) to support consumers in their post-discharge self care. To model 

this drug-specific patient information we augmented the evidence from available literature as 

described above with patient advice available on MIMS [211] to create a standard advice text 

for each of the included medications.  
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Table 6-1. High risk medication classes and drugs 

High Risk 

Medication Classes 

Anticoagulant Cardiovascular Anti-infective Analgesic Corticosteroid 

High Risk Primary 

Drugs (Identified 

Adverse Events) 

Warfarin 

( haemorrhage 

[206]) 

ACE Inhibitor 

(dizziness, dry cough, 

nausea, diarrhoea, and 

gout [207]) 

Amoxicillin 

(allergic 

reactions[208]) 

Acetaminophen 

(constipation, 

nausea, bleeding, 

and sore throat 

[209]) 

Prednisone 

(neuropsychiatric disorders, 

skin disorders, muscle cramps, 

hypertension, menstrual 

disorders, ocular disorder, and 

insomnia [210]) 

High Risk Secondary 

Drugs 

Nil Glyceryl Trinitrate, 

Digoxin 

Quinine Ibuprofen, Morphine Nil 
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Difficult terms and phrases were replaced in these advice texts with their consumer-friendly 

synonyms provided by the CHV [39] to make the contents more readable for consumers. The 

standard advice text for all the included medications is included in Appendix C.  

The next section presents the ontology model to express knowledge about the side effects, 

required patient actions and follow up for the identified high risk discharge medications 

acquired in the knowledge engineering phase. 

6.2. Medication Information Ontology Model 

The Medication Information ontology models the medication knowledge necessary for 

consumers to manage their post-discharge self care. This ontology serves as the knowledge 

source in SemAssist to determine medication-specific recommendations. Thus, the 

medication ontology needs to contain classes and properties that describe side effects, follow 

up, and what to do if specific problems develop for the included set of high-risk drugs. The 

ontology model is shown in Figure 6-1.  

6.2.1. Specifying Ontology Classes 

Three main classes, Patient, High_Risk_Discharge_Medication, and Patient_Information are 

created to model patient details, discharge medications and patient advice, respectively. Five 

child classes, Anticoagulant, Cardiovascular, Anti-infective, Analgesic and Corticosteroid are 

created for the High_Risk_Discharge_Medication class. One specific primary high risk drug 

class is included as their child to model drug specific patient information. 

High_Risk_Discharge_Medication also includes child classes for secondary high risk drugs: 

Glyceryl_Trinitrate_Spray, Digoxin, Quinine, Ibuprofen and Morphine. This hierarchy is 

shown in the Medication Category Layer of Figure 6-1. To model medication patient 

information, we identified three main sub classes, Side_Effect, Patient_Action and 

Follow_up, each containing subclasses for primary high risk medications included in the 

Medication Category Layer; these are shown in the Medication Information Layer of Figure 

6-1.  
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Figure 6-1. Medication Information ontology 
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6.2.2. Specifying Class Instances 

In the next step of Medication Information ontology engineering, the instances for the 

conditional recommendations of the discharge medications advice are specified. Separate lists 

of side effects, patient actions and follow ups were created from the standard advice content 

for each of the included medications to identify the instances of classes in the information 

layer of Figure 6-1 (see Appendix C for full list of class instances) and added as instances of 

appropriate classes. For example, instances for class Warfarin_Side_Effect include 

Abnormal_Urine, Severe_Headache, Diarrhea, Coughing_up_Blood, Easy_Bruising and 

Abnormal_Bleeding. Similarly, instances of class Warfarin include all of the brand names 

specified in MIMS, i.e. Marevan and Warfarin Sodium. In a few cases, the classes shared 

some instances, for example Diarrhea is an instance of two classes: Warfarin_Side_Effect and 

Amoxicillin_Side_Effect.  

6.2.3. Specifying Class Properties  

Patient is the most important class in determining patient specific medication information in 

SemAssist because the conditional recommendations are tailored for the current patient. To 

specify patient characteristics two properties, age and sex, are defined for the Patient class 

which represents the patient profile in our EDS corpus. These properties are used to associate 

the recommendations with a specific instance of a patient. For example, contraception advice 

is included only if the patient is female and less than fifty years old. 

6.2.4. Specifying Relationships between Classes 

The Medication Information ontology allows establishing inter-class relationships to 

represent the knowledge inherent within patient medication information. Five relations are 

modelled using class properties: hasDischargeMedication, hasPatientInformation, 

hasPatientAction, hasSideEffect and hasFollowup as shown in Figure 6-1. This approach can 

be best understood by following the modelling of this patient advice statement for a patient 

who has “Warfarin” in his discharge medications list: “Notify doctor in case of coughing up 

blood… your follow up is to test your blood for INR.” Side_Effect has an object type 

property called hasSideEffect whose value is “Coughing_up_Blood” which is an instance of 

the class Warfarin_Side_Effect. As such, it can be inferred that if a patient is taking Warfarin 

then the advice to patient should include advice related to “coughing up blood,” and if not 

then the critiquing rules will flag the absence of this concept for the author.  
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The Medication Information ontology enables quick semantic annotation in the free text of 

EDSs which can be used as triggers for decision support. The can be done by detecting terms 

in the EDS text and then searching the Medication Information ontology for concepts with 

matching properties. In this way, the list of possible annotations is reduced to a manageable 

size from which relevant annotation concepts can be selected.  

The next section describes the recommendation execution architecture and the natural 

language processing approach employed to identify and semantically annotate the ontology 

concepts and instances in free text of EDSs. We also describe a decision rule base 

implemented to generate patient advice recommendations and critiques in SemAssist. 

6.3. Recommendation Execution Architecture 

The aim of SemAssist is to provide writing support for the EDS author at the point of 

authoring patient advice so that appropriate corrective actions can be taken when the text in 

the advice section is missing important elements. Based on the Medication Information 

ontology concepts and the concept found in the EDS of the current patient, SemAssist is able 

to recommend the auto text for all high risk discharge medications as well as providing a 

critique on any missing concepts concerning primary high risk drugs in the patient’s advice 

section. Computing the patient advice content recommendation consists of two steps as 

shown in Figure 6-2. First, the Semantic Annotation engine annotates the Medication 

Information ontology concepts and instances in the patient details, discharge medications and 

patient advice sections using ontology-based natural language processing in GATE [40]. In 

the second step, the semantic recommendation engine retrieves the EDS annotations from the 

semantic annotation engine and executes the decision rules inferred by SemAssist rule base to 

generate advice recommendations as well as a critique in the form of feedback to facilitate 

editing. 
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Figure 6-2. Recommendation execution architecture 

6.3.1. Semantic Annotations Pipeline 

The GATE pipeline used to annotate the concepts and instances of the Medication 

Information ontology in the text of the EDS is shown in Figure 6-3. First, the text is split into 

words and sentences by the GATE Tokenizer and Sentence Splitter respectively. GATE POS 

Tagger is used to produce a part-of-speech tag as an annotation on each word. For addressing 

term variance problems in free text, a GATE Gazetteer (EDS Gazetteer) was developed by 

using SNOMED CT and WordNet [93] as vocabulary sources. We included all the synonyms 

from SNOMED CT and synsets from WordNet [93] in the respective Gazetteer lists for the 

terms present in medication information instances. For example, a Gazetteer list of sputum 

includes words sputum, phlegm, mucus and cough. Each token is checked against the EDS 

gazetteer and, if a corresponding entry is found, it is associated with an annotation of type 

‘Lookup’ and an annotation feature of ‘majorType’. For example for a word token of mucus, 

EDS Gazetteer assigned annotation type ‘Lookup’ and a ‘majorType’ annotation feature of 

sputum.  
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Figure 6-3. Semantic annotation pipeline in GATE 

We used OntoRoot Gazetteer to produce ontology-based annotations over the EDS content. 

This component takes medication ontology as input and creates annotations which contain 

links to the specific concepts or relations in the ontology (e.g. URIs). Figure 6-4 shows 

example annotations generated by OntoRoot Gazetteer for the token ‘Marevan’. 

Marevan => 

URI=http://www.semanticweb.org/EDSontologies/medications.owl#Marevan, 

classURIList=[http://www.w3.org/2002/07/owl#Thing, 

http://www.semanticweb.org/EDSontologies/medications.owl#C48603004, 

type=instance} 

Figure 6-4. An example GATE annotation added to the text 

A set of JAPE grammars was written to annotate information in Patient Details, Discharge 

Medications and Patient Advice sections. The grammar rules operate on the annotations 

generated by earlier phases of the annotation pipeline i.e. Tokenizer, Sentence Splitter, 

Gazetteer and Part of Speech Tagger and OntoRoot Gazetteer and combine them into chunk 

annotations corresponding to Medication Information ontology classes and instances. For 

each instance specified by our ontology model we define an appropriate JAPE grammar 

which consists of a set of rules that allow us to recognize its value. The main JAPE grammar 

consist of a set of 44 sub-grammars which are executed in sequential phases to annotate text 

chunks with respect to instances in Medication Information ontology.  

One challenge in writing a rule-base IE system is to have enough examples for which 

sufficient rules can be specified to extract the information efficiently. However, our EDS 
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corpus does not contain enough text in patient advice section (see chapter 3, section 3.2 and 

3.3) to specify grammar rules that could address variance in terms and word forms and their 

orders in free text. To collect example instances of Patient_Information we searched Google 

for the related medication advice (e.g. Warfarin Patient Advice) and manually extracted 

phrases which have mentions of specific Patient_Information instances from the top four 

Google search results. We also augmented these sets of phrases by including more phrases 

that could be used to specify particular advice for patients. Some example phrases collected 

to mention the instance of hemoptysis are:  

• passing blood in your urine, 

• nose bleeds, 

• bleeding gums, 

• blood in your vomit or coughing up blood,   

• if you have been coughing up blood. 

The JAPE grammar was developed by first describing relatively simple rules, for example 

rules using only gazetteer annotations, and using these rules to annotate the medication 

advice text collected from Google.  If no annotation was produced for a prospective phrase 

then a rule was defined and included in the grammar. This process was performed in an 

iterative fashion until the grammar contained entire rules that could produce correct 

annotation for all the collected example phrases.   

Below, we describe typical linguistic problems that had to be resolved while specifying 

grammar rules, and present solutions we adopted for our application. It should be noted that a 

rule-based annotation is strongly domain-dependent, thus the presented solutions are not 

applicable to general domains. However, many problems are common to this type of 

annotations and similar approaches can be adopted in many other contexts.  

Negation: Correct recognition of negation in Patient Advice text is crucial to avoid incorrect 

recommendations and critiques in SemAssist. For this purpose we filtered the phrases 

indicating negated instances in an earlier phase of a JAPE grammar by a custom 

implementation of the NegEx algorithm [80]. In our system recognition of both local and 

distant negation has been incorporated into grammar rules, occasionally increasing their 
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complexity. If negation appears right before the keyword, it can be easily captured by a rule 

that recognizes a negative expression and an appropriate keyword. Consider the following 

clause:  ‘If you do not see any bloody sputum’. The negated expression ‘do not see’ is in the 

middle of the clause, whereas the medication instance key phrase ‘bloody sputum’ are the last 

words in the clause. This negated phrase can be recognized by the rule in Figure 6-5. The rule 

refers to ‘preNegation’ annotations as identified by NegEx, part of speech category 

‘determiner’ (DT) as specified by POS tagger and ‘HEMOPTYSIS’ annotation as specified 

by EDS gazetteer. As a result the phrase ‘do not see any bloody sputum’ is annotated as 

negated instance of haemoptysis. 

Rule: NotHemoptysis02 

Priority: 99 

({Lookup.majorType=="preNegation"}({Token.category=="DT"}(HEMOPTYSIS) 

):temp --> 

:temp.notPatientAdvice = {type="",  

kind="notHemoptysis",rule=NotHemoptysis02} 

Figure 6-5.  An example JAPE rule to recognize negated instance 

Coordination:  There are examples of information specified by coordinated phrases or co-

occurring terms in the collected phrases. Thus, another challenge is to associate the related 

co-occurring terms to annotate patient information instances in a meaningful way. An 

example coordinated phrase is “contact your doctor if you have blood in your sputum” that 

describe blood and sputum in a meaningful way but separated by two other words or tokens. 

For associating co-occurring terms we used part-of-speech annotations within the context of a 

sentence to identify and annotate Patient_Information instances. Figure 6-6 shows an 

example rule for recognizing coordination of blood and sputum to annotate the instance of 

haemoptysis.   

Rule: Hemoptysis01 

Priority: 23 

(({Lookup.majorType=="blood"}) {Token.category=="IN"} 

{Token.category=="PRP$"} ({Lookup.majorType=="sputum"}) ):temp  

 :temp.PatientAdvice {type ="warfarinAdvice", kind = "hemoptysis", rule= 

Hemoptysis01} 

Figure 6-6. An example JAPE rule used to recognize instance ‘hemoptysis’
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The above rule specifies that one or more words having a Lookup annotation of type ‘blood,’ 

followed by a part of speech category of preposition (“IN”), possessive pronoun (“PRP$”) 

and a Lookup annotation of type ‘sputum’ should be annotated as Patient_Information with 

type ‘warfarinAdvice’ and kind ‘coughing_up_blood’. The Lookup annotations and Part of 

Speech categories are created by the gazetteer lookup module and GATE POS tagger, 

discussed above. The resultant GATE annotation is shown in Figure 6-7. 

blood in your sputum => kind=haemoptysis, rule=Hemoptysis01, type=warfarinAdvice 

Figure 6-7. An example GATE annotation added to the text 

The reader is also referred to Appendix C for the complete set of JAPE rules to annotate 

instances of hemoptysis in patient advice sections. 

6.3.2. Rule Base for Semantic Recommendations 

In SemAssist, the medication information is implemented in decision rules which are 

executed in the Semantic Recommendation engine to generate advice recommendations. 

These decision rules are based on EDS annotations and designed as forward IF-THEN rules 

consisting of a list of instances of medication information which constitutes the conclusion of 

the rule. The example decision rule for the patient having an instance of ‘Warfarin’ in their 

discharge medications as well as instance of ‘diarrhea’ and ‘INR’ in patient advice sections is 

shown in Figure 6-8 and the corresponding Java code is shown in Figure 6-9. In this way, the 

Recommendation engine creates a list of missing concepts in patient advice to relate with the 

patients’ discharge medications. Each step of the recommendation is performed by exploiting 

knowledge about the patient, discharge medications, and the patient advice. The ontology 

provides persistent storage and efficient retrieval of such knowledge. The SemAssist user 

interface will be presented in Chapter 7. 

IF 

Patient hasHighRiskDischargeMedication = Marevan (Individual of Warfarin) 

Patient_Information hasSideEffect = Diarrhea (Individual of 

Warfarin_Side_Effect) 

Patient_Information hasFollowup = INR (Individual of Warfarin_Followup) 

THEN 

Patient Advice Recommendation = Coughing up Blood, Severe Headache, Easy 

Bruising, Red or Brown Urine, Gum Nose Bleeding 

Figure 6-8.  Example decision rule in SemAssist 
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private Set displayATPRecommendations(Set medClass, AnnotationSet 

atpAnnotationSet){ 

Set recom_AMedSet = new HashSet(); 

 try {  

 if (medClass.contains("[http://www.w3.org/2002/07/owl#Thing, 

 http://www.semanticweb.org/EDSontologies/medications.owl#C4860300

 4]")) // Check for warfarin presence 

 recom_AMedSet.addAll(getWarfarinRecommendations(atpAnnotationSet) );} 

  catch (Exception e) { e.printStackTrace();} 

return (recom_AMedSet); 

} 

// Method for Warfarin decision rule 

private Set getWarfarinRecommendations(AnnotationSet aSet) { 

 AnnotationSet atpAnnotationSet = aSet.get("PatientAdvice"); 

Set warfarinResult = new HashSet(atpWarfarinSetRequired);   

Iterator aSetIterator = atpAnnotationSet.iterator(); 

while (aSetIterator.hasNext()){ 

 Annotation atpAnnotation = (Annotation)aSetIterator.next(); 

 if(atpAnnotation.getFeatures().containsValue("hemoptysis")) 

      atpWarfarinSetPresent.add("Hemoptysis");  

 if(atpAnnotation.getFeatures().containsValue("looseStool")) 

  atpWarfarinSetPresent.add("Loose Stool"); 

 if(atpAnnotation.getFeatures().containsValue("severeHeadache")) 

  atpWarfarinSetPresent.add("Severe Headache"); 

 if(atpAnnotation.getFeatures().containsValue("easyBruising")) 

  atpWarfarinSetPresent.add("Easy Bruising"); 

 if(atpAnnotation.getFeatures().containsValue("abnormalUrine")) 

  atpWarfarinSetPresent.add("Red or Brown Urine"); 

 if(atpAnnotation.getFeatures().containsValue("gumNoseBleeding")) 

  atpWarfarinSetPresent.add("Gum Nose Bleeding"); 

 // check Followup annotations 

 if(atpAnnotation.getFeatures().containsValue("bloodTest"))  

  atpWarfarinSetPresent.add("BloodTest"); 

 if(atpAnnotation.getFeatures().containsValue("inr")) 

   atpWarfarinSetPresent.add("INR");} 

warfarinResult.removeAll(atpWarfarinSetPresent);   

return (warfarinResult); 

} 

Figure 6-9. Example Java code in SemAssist 
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6.4. Discussion 

In this chapter we have presented an ontology based medication information model and 

decision support system, SemAssist, designed to assist health care professionals in providing 

patient-specific medication information in the patient advice section of EDSs. The aim of 

SemAssist is to address the problem of suboptimal advice for patients in EDSs. 

Ontologies have been used to model domain knowledge and to provide decision support in 

various CDSS. The objects manipulated by these systems includes medication prescriptions 

[135], clinical practice guidelines [36], clinical pathways [149], neonatology [146] and 

hospital care [148]. In contrast to our approach, most of these systems use ontologies to 

model domain knowledge but take structured data to provide recommendations for physicians 

by using description logics for inferencing. More similar to SemAssist is the Baby Care Link 

application [146] which integrates ontology based knowledge and decision support at 

authoring time to assist clinical authors in identifying and recommending of patient 

educational resources.  

Natural Language Generation (NLG) has long been used to generate self-management 

information for consumers. Generated information has targeted differential diagnoses [212], 

items in patients’ EHRs [144], drug explanations [139], parents of premature babies [213], 

smokers [141] and migraine patients [142, 143]. Except for the Migraine system [142, 143], 

all of these systems automatically augment information from patient EHRs to generate 

informational text. These systems use decision rules with a knowledge base to generate 

informational text. SemAssist, however, uses decision rules with an ontology base to 

structure auto-text and provides the facility of natural language generation in a real-time 

environment. More similar to our approach is Medical HouseCall [212] in which the clinical 

language was first translated to consumer friendly language before incorporating in the KB. 

Another approach is to use the ‘build fix’ approach by starting with a master document, like 

auto-text in SemAssist, and perform post-editing to generate information customized to the 

needs of particular patients [136, 214]. Similar to SemAssist, HealthDoc [136] is an authoring 

tool that takes input from patient EHR to assist clinicians in producing educational material 

for consumers in the domain of reconstructive breast surgery. Also similar to our approach, 

PILLS [214] uses UMLS to import domain knowledge in an ontology and also provides a 

text editor with a feedback feature to facilitate editing. However, PILLS uses product data 

rather than EHR system to generate informational text.  
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NLP based semantic annotation has recently gained attention for extracting critical 

information from free clinical text to facilitate decision support [34, 48, 79, 147, 215]. In one 

approach similar to SemAssist [79] the ontology was created based on sample data and expert 

knowledge. The semantic annotations were achieved using handcrafted grammar rules which 

were used to automatically convert data to structured templates in a passive decision support 

system rather than the active decision support in SemAssist. Closer to SemAssist are the 

systems proposed by Kashyap et al [48] and ACEMR [215] which are designed to use 

semantic annotations to facilitate clinical documentation. These systems use NLP to produce 

semantic annotations which are leveraged by a CDSS to flag the physician if a rule in broken. 

However, these systems use description logics in order to supply the document with rich 

domain knowledge.  

The use of NLP as the basis of semantic annotations to process free clinical text and drive the 

execution of decision rules for providing EDS content recommendations has many 

advantages. First, domain modelling in an ontology provides shared vocabulary and allows 

the separation of concepts from textual representation of auto-text which allows authoring 

support in any domain of clinical documentation for which a linguistic specification is 

available in the ontology. Further, ontologies allow us to partially capture the meanings of the 

terms in their hierarchal structure. Therefore when ontologies are used in annotations, not 

only the terms but relations between concepts in the ontology can be used to support the 

annotation and decision support process.  

SemAssist may result in reducing the time and effort for the clinician in providing necessary 

information to consumers. In this way it is like ASEMR, which resulted in both expediting 

and enhancing the patient documentation process in ‘real time’ mode by enabling clinicians 

to complete all of their patient documentation while the patient is still in the room. Several 

systems showed better outcomes when consumers were provided with self-management 

information, including a reduction in hospital admissions [140] and better patient satisfaction 

[134, 144, 145]. Therefore, using SemAssist to provide comprehensive medication advice in 

EDSs has the potential to empower patients in their post-discharge care and help reduce post-

discharge ADEs. 

Our approach has a number of limitations. First, it uses only a limited set of specific drugs 

classed as high risk as reference drugs for recommendations. It has been noted that CDSS 

which generate a large number of inappropriate alerts cause “alert fatigue” and hence are 
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frequently overridden by clinicians [131]. On the other hand it has been observed that CDSS 

which generate only high severity alerts have higher rates of clinicians’ acceptance [132]. For 

this reason, we chose key high risk drugs for patient advice recommendations to create alerts 

that are less likely to be ignored by the EDS author. Second, because of the complexity of 

free text and the lack of training data we chose a rule-based IE method. This method, 

although already used in many applications, has not yet been applied for authoring support in 

clinical text. It was interesting to see how the diversity of word forms and a relatively free-

word order can influence the effectiveness of IE techniques. In SemAssist, the variability of 

word forms had to be addressed through the use of both a domain terminology (SNOMED) 

and a general terminology (WordNet) that include various morphological word forms. In 

addition, co-occurring terms or entities to annotate advice concepts had to be accounted in 

JAPE grammar rules for which several permutations were performed but still could lead to 

false positive annotations.  Finally, we used available resources, (MIMS and evidence from 

related literature) to model the auto-text advice which may generate long and consumer-

unfriendly text. Currently, we only use available CHV resources to make the auto-text 

consumer-friendly and have not tried to tailor the information according to the needs and 

literacy level of a particular consumer. In future, SemAssist could be extended to a system 

which may allow EDS authors to include tailored advice for patients. 
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Chapter 7. Semantic Annotation Framework for Patient Friendly EDS 

This chapter presents a semantic annotation framework to mediate between health 

information and consumers. Within this framework, we present an upper-level EDS ontology 

to address two issues inhibiting utilization of EDS information by consumers (see section 

3.4). A software architecture and its specific implementations are also discussed to facilitate 

readability and writing of EDSs. Furthermore, promising applications of semantic annotations 

are discussed for supporting consumers in accessing and understanding health information. 

This chapter is organized as follows. Section 7.1 presents our general semantic annotation 

framework. In addition, upper-level ontology and software architecture are discussed to 

improve information quality in EDSs for consumers. Section 7.2 presents our currently 

implemented tools. Section 7.3 discusses promising applications and presents a unified 

ontology of semantic annotations to support consumers in health care process. Section 7.4 

discusses the uses of semantic annotations in PHRs. Finally, section 7.5 presents a discussion. 

7.1. Semantic Annotation Framework for Health Information 

Active involvement of patients in managing their own healthcare is essential for consumer 

empowerment [216] and health literacy is now perceived as one of its major pre-requisites 

[15].  Health literacy is “the degree to which individuals have the capacity to obtain, process, 

and understand basic health information and services needed to make appropriate health 

decisions.”[15]. Therefore, to improve health literacy consumers need to find, comprehend, 

and interpret health information before making informed decisions. Recent evidence suggests 

that an informed consumer is in a better position to select among health care options [217], 

and may be more likely to comply with physician instructions. In contrast, inadequate health 

literacy has been found to have a negative impact on health behaviors (e.g. compliance with 

physician instructions and medication adherence) and broader clinical outcomes [218, 219] 

and also increases the risk of making unwise health decisions, leading to poorer health and 

higher health care costs [16].  

Consumers access health information from a variety of sources which include clinical 

documents (medical record, informed consent, and discharge summaries), online health 

information and patient information leaflets. Medical records are traditionally provided to 

consumers in paper format. However, with the wide spread use of Internet, many jurisdictions 
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are disseminating clinical information electronically to consumers through Personal Health 

Records (PHRs) and patient portals [26, 220]. In addition, Internet also becomes a major 

source in their health information seeking [168, 169].  

Despite the availability of online access to personal health and medical records and the 

overwhelming amount of health-related information available to consumers, a lay person 

often faces difficulty in finding and comprehending health information [4, 172]. Research has 

found barriers between consumers and health information at several levels that have 

implications for finding, understanding, and applying medical information by consumers 

[161, 193, 221-223]. Multiple studies have raised the issue of difficult terminology, medical 

jargon and acronyms, that clinical staff know and understand [161, 193, 221]. In addition, 

studies have also found differences between semantic relationships [222] and explanatory 

mental models [223] in patient-physician communication. Therefore, to facilitate consumer 

health information seeking, retrieval and understanding, the health information content and 

presentation should be tailored in a way that suits consumer information needs. Put 

differently, we need to help consumers find, understand and use medical information when 

and where it is needed. This calls for comprehensive strategies to facilitate the information 

retrieval process, and to bridge the gap between consumer understanding and health 

information in terms of making good decisions. 

Semantic annotations have the potential to provide frameworks and strategies for designing 

effective health communication tools that empower users and improve their health decisions. 

Soergel et al. [166] proposed using an ‘interpretative layer’ to facilitate consumer health 

information understanding. We extend this notion and propose a framework which introduces 

a ‘semantic annotation layer’ to produce patient-friendly health information. Figure 7-1 

represents the concept of our approach.  

In our view, the goal of this automated semantic layer is to mediate between health consumer 

and health information by annotating concepts and semantic relationships guided by domain 

ontology. These annotations would produce computer-understandable information that can be 

processed more easily, allowing content to better suit consumer needs with minimal overhead 

cost. The annotated content is more amenable to analysis and inference by software 

architectures for abstract knowledge discovery, such as for helping consumers in 

understanding medical problems, formulating effective queries to express their needs, 



Chapter 7.  Semantic Annotation Framework for Patient Friendly EDS 

145 
 

navigating health information systems, understanding the documents found, and acting on 

them appropriately (see Section 7.3 and 7.4). 

 

Figure 7-1. Framework for patient-friendly health information 

The basic prerequisites for representation of semantic annotations is an ontology (or at least a 

taxonomy) and entity identifiers. Ontology defines the entity classes and entity identifiers 

allow information in the underlying document to be distinguished and linked to their 

semantic descriptions. A detailed discussion of semantic annotations was presented in 

Chapter 2, Section 2.1. The next subsection presents our high-level ontology for consumer 

empowerment in the domain of EDSs.  

7.1.1. Upper-Level EDS ontology 

An upper level ontology describes the most basic classes, relation and attributes in a 

particular domain. Such an upper level ontology provides a basis for domain-specific 

extensions and for profiling the semantic annotation for customized applications [45]. Based 

on two identified issues, the use of clinical vocabulary in EDSs and insufficient advice to 

patients, which inhibit the further exploitation and utilization of EDS for consumers (see 

section 3.4), the upper-level EDS ontology shown in Figure7-2 was constructed. 

This ontology provides a high level semantic annotation strategy employed in our framework 

to empower patients in a way that promotes knowledge support and information quality for 

patients to manage their post-discharge self care. This figure shows that every clinical text, 

and of course discharge summaries, have medical concepts. These concepts can be annotated 
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Figure 7-2. EDS ontology for patient support 

using a comprehensive biomedical vocabulary like UMLS. The identified UMLS concept can 

be further used to provide customized support for consumers of health information. For 

example, in this case the UMLS concepts are modelled as class UMLS_Concept. This class 

further has two subclasses Difficult_UMLS_Concept with a relationship needReadingSupport 

and High_Risk_Medication with a relationship needpatientAdvice to address the two 

identified issues of difficult vocabulary and insufficient advice respectively. We further 

classify difficult UMLS concepts to be those which contain instances of the 

CHV_Difficult_Term, Abbreviations or specific UMLS concepts that need readability support 

for consumers. Similarly, the High_Risk_Medication class has subclasses Patient_Action, 

Followup and Side_Effect to model the patient advice for medications. The extended 

ontologies for the class UMLS_Difficult_Concept and High_Risk_Medication have been 

described in Chapter 4, Sections 4.6 and in Chapter 6, Section 6.2 respectively. 

7.1.2. Architecture for Patient-Friendly EDS 

The creation of comprehensive support architecture required the consideration of several 

issues. Moreover, the main requirement – provision of comprehensive information for 

patients – has to be further decomposed into two cognitive processes: reading and writing.  

Writing user-friendly text potentially improves reading comprehension. However, 

implementing all writing practices in clinical workflow and for a text aimed for diverse 

audience like EDSs is impractical. Barry [217] states that “Trying to explain, in a balanced 

way, the complex issues ... cannot be done quickly. ...educational materials ... may be helpful 

... so that clinicians’ limited time can be spent not on basic education, but on tailoring the 

management strategy to patient’s preferences.” (p. 2357). Reading comprehension can be 
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supported by providing an automatic mediation between consumers and clinical text, while, a 

computer based decision support can help clinicians in incorporating consumer knowledge 

into their practice in a way that fits their clinical workflow [130]. The architecture which 

integrates the approaches encompassing both writing and reading support so that 

comprehensive knowledge support is available for consumers of EDSs is shown in Figure 7-

3.  

The two modules, readability support and authoring support, explicitly address the two 

identified issues, use of clinical vocabulary and insufficient advice to patient in EDSs, that 

impose comprehension barriers for consumers. Highlighted in the above framework is the 

semantic annotation layer with authoring support tool providing support for clinicians during 

authorship of EDS content and then by annotations in the form of dynamic hyperlinks feeding 

back online health information to consumers. This enables assisting both the clinical authors 

and the consumers, by providing dynamic online support to both. The ultimate goal of the 

EDS architecture and its automated applications are to facilitate the processes of content 

creation and retrieval of information available from trusted online resources.  

 

Figure 7-3. Architecture for patient-friendly EDS
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7.2. Current Applications 

Instead of proposing a one-size-fits-all engineering process, the clinical applications 

developed for the architecture presented above are intended to be used by two groups of users 

– EDS authors and consumers. These applications combine a consumer support task together 

with a clinician support task by constructing customized processes that are suited to the 

characteristic of the users being considered. The tasks are grouped into two main categories 

that correspond to the two main activities in the comprehension support process: reading and 

writing. The applications intended to be used by the EDS reader and author are presented in 

the following subsections.   

7.2.1. SemLink: EDS in Portable Document Format 

The first application for reading support is created by incorporating SemLink annotations in 

portable document format (PDF). This application builds on SemLink (see Chapter 4) which 

semantically annotates difficult terms and phrases with their consumer friendly names and 

dynamic hyperlinks in EDSs. The application uses Adobe’s PDF as the basis of embedding 

semantic annotations in clinical text. We use GATE [40] for semantic annotations and iText 

[41] Java library for PDF preparation environment to generate semantically enriched EDS 

documents. We also use Protégé to maintain and store the domain ontological model used in 

annotation process. Upon invoking the annotations, the application sends the input text to 

SemLink application in GATE. This application annotates the input text and returns the 

annotations with their offsets, type and instance information. Furthermore, the SemLink 

hyperlink selection algorithm executes over annotations to select the most relevant hyperlink 

using the methodology described in Section 4.6. The PDF creation engine use the annotations 

and hyperlink information returned by SemLink to generate EDS documents with embedded 

semantic annotations in PDF format. The embedded annotations are consumer-friendly name 

and selected hyperlink URL to underlined annotated content. In case of abbreviation the 

preferred name is its long form. If the annotated term is a CHV difficult term than the 

preferred name is the CHV preferred name, otherwise the preferred name is the UMLS 

preferred name.  

Figure 7-4 (A) shows an example clinical management section with annotated phrases 

underlined in PDF document. In this document, when the user clicks on the underlined term 

‘haemoptysis’, the interface shows its preferred name ‘coughing up blood’ in tooltip and 
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opens the related hyperlink (as identified by SemLink) in a new Internet browser window 

(Figure 7-4 B). In this way the reader can directly navigate from the annotated text to pre-

selected hyperlinks.  

There are several methodologies for embedding annotations provided by SemLink and they 

include PDF and Web interfaces. We decided to use PDF because it has several important 

advantages. A PDF document can store both a printable document and the related annotations 

as a single file and can be easily transmitted to care providers and consumers. In addition, this 

format can be deployed in a Web based portal with any Internet browser having PDF 

browsing support.  
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Figure 7-4. EDS in Portable Document Format (PDF) 
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7.2.2. SemAssist: An Interactive CDSS 

The second application created, SemAssist, is an interactive CDSS to assist EDS authors in 

providing optimal advice to patients in EDSs. The authoring support application provides 

feedback to enrich patient advice with medications information in the form of auto-text and 

writing critique through clinical concepts for critical medication in patients’ discharge 

summary text. With the recommendation approach, described in Chapter 6, SemAssist is 

implemented using Protégé for ontology development, the GATE API for ontology and NLP 

based semantic annotation [40], and Java (JDK1.5) for user interface development. The aim 

of SemAssist is to incorporate medication advice recommendations as interactive feedback to 

allow EDS authors to utilize the discharge medication information at the point of authoring 

patient advice. The SemAssist interface enables the EDS writer to create medication advice 

on-the-go, that is, in the process of writing advice to the patient.  

The workings of SemAssist involve the following: when the EDS author starts typing patient 

advice a reminder message generated by the system would say that the patient is having high 

risk discharge medication and offers to include the related medication advice in the patient 

advice section as an auto text; the EDS author can also enter any patient advice using the 

SemAssist user interface (Figure 7-5) and in return is provided with a set of relevant 

critiques.  

As illustrated in Figure 6-7, for a 75-year-old female patient having discharge medications 

including ‘Marevan’ and ‘Prednisone’, the system will look up their decision rules to compile 

related auto text based on the Medication Information ontology classes, instances and 

properties. If the EDS author wants, the auto text is inserted in the bottom section of the 

Patient Advice window, which consists of the required patient action, medications side 

effects and follow-up. EDS authors can also enter any advice from scratch or make any 

changes in the inserted auto text. When the user clicks the enter button to indicate that editing 

Patient Advice is finished, the system computes missing advice and prompts the user with a 

list of missing Patient_Information instances as per the ontology (shown in the bottom 

window of the Patient Advice section). A detailed walkthrough of the use of SemAssist is 

given in Appendix D. 
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Figure 7-5. SemAssist user interface 
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7.3. Further Targets 

The semantic annotations framework presented in section 7.1 has the potential to enable 

many new applications and services for delivering consumer-friendly health information. 

Within the context of consumer support, this section identifies a few solutions to assist the 

key task of optimal delivery of health information to consumers.  

7.3.1. Incorporating Automatic Annotations 

This subsection outlines some promising applications of automatic semantic annotations for 

supporting consumers in accessing their health information. These techniques can be applied 

to text and multimedia data such as speech and video.   

Content Adaptation: Semantic annotations can play an important role in automatic content 

adaptation which transforms content based on user preferences to enable content reuse. An  

example of this is the transformation of content depending on users’ environment, devices, 

network and bandwidth [224]. Yesilada et al. [124] discussed a technique of adapting Web 

information for visually impaired individuals. This approach can be used to adapt content for 

accessibility for any kind of handicapped people to provide easy access for Web information.    

Summarization: Automatic summarizers using semantic annotations can handle text, video, 

and speech synthesis of documents including images. A semantic annotation based 

summarizer can generate a summary based on patient profile. For example, the user can see a 

summary of the latest health information pertaining to his specific current medical condition 

as identified by the patients’ EHR. One such example is BabyTalk [225], which summarises 

time-series data for parents of babies in neonatal care units. Another use of annotations is for 

knowledge discovery from contents. Such a system can discover knowledge from Web 

documents, and generate a document which includes the discovered knowledge and 

summaries of multiple documents related to the same topic. This approach can be extended to 

multimedia where the summarizer can fuse information from multiple relevant resources and 

present a concise multimedia summary that cross-link images, video and text.  

Text Translation: Bilingual terminological support is one of the most promising applications 

for second/foreign language consumers and also the layman wishing to access text aimed at 

professionals. Such support can be provided by language translators. A translator based on 

semantic annotations which capture syntactic and word sense ambiguities in natural 
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languages can be used in automatic translation applications. In such systems extended 

biomedical vocabulary resources can be used to provide bilingual translation. For example, 

the  Karolinska Institutet, Stockhom provides an extension of MeSH resource (the controlled 

vocabulary thesaurus of the NLM, U.S. National Library of Medicine), which has been 

supplemented by Swedish translations [226]. 

Question/Answering: Question/answering in the medical context could pertain to medical 

knowledge, local information on doctors available for referral (such as ‘where can I find a 

cardiologist’) and information on social groups. For example, NLM Go Local service [227], 

which connects users to health services in their local communities and directs users of the Go 

Local sites to MedlinePlus health information, is currently answering questions about 

particular patients by manually browsing or searching the EHR. Answering these questions 

can be facilitated by semantic modelling of question answering as presented in [228]. 

Similarly, the question answering module in Infobuttons [114] extracts the answers from the 

literature to questions about the best care plan for a given patient with the identified 

problems, and delivers documents containing the answers. Such an automated approach can 

extended to delivering information to consumers, for example by initiating queries to 

different search engines and automatically finding a passage answering the question in a 

context appropriate for the consumer.  

Information Visualization: Numerous health portals are constantly updating their 

information to help consumers in their care process. Navigation across these resources 

requires a substantial literacy level and query capability. A semantic visualization system can 

represent the conceptual structure of a written text using semantic annotations. For example a 

topic map annotating specific text document can be used for search, navigation and 

visualization of text. Such a system of visualizing Web-based health information is presented 

in [123]. However, this approach can be extended to support visualization of online clinical 

documents in a PHR based on user preferences. 

7.3.2. Incorporating Manual Annotations   

Shared decision-making between doctors and patients, and the inclusion of patient 

preferences in patient care have been accepted as a model for good clinical practice [229]. In 

our architecture for producing patient-friendly EDSs, we focus mainly on automatic semantic 

annotation. However, our proposed framework can be extended also to manual annotations. 

In the manual annotation approach the user annotates the document and sends the result to the 
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server, along with some personal data (for example, name, age professional areas, and so on).  

A popular example of external annotation is comments or notes on Web document (such as 

Facebook) created by people other than the author. This paradigm also allows sharing 

comments over the health content. For example ComMentor [230], a general mechanism for 

shared annotations on the Web, lets people annotate arbitrary documents at any position in-

place, and share comments or pointers with other people (either publicly or privately). This 

approach can be applied to the clinical domain by restricting annotation access to the patient, 

and with particular documents or documents shared only among a few people. This could 

enable an online communication paradigm between consumers and their health care 

providers. 

7.3.3. Unified Upper Ontology of Semantic Annotations for Health Information 

Unified ontologies contain core concepts and relationships sharable across a wide domain. 

These ontologies are at a higher level of abstraction and can be developed by generalization 

of specialized ontologies [61]. Such a unified ontology that emerged from upper-level EDS 

ontology as presented in section 7.1 with the further targets discussed above is shown in 

Figure 7-6. 

In this figure, rectangles show entities of clinical information and ellipses show entities of 

consumer support. Consumers can access clinical information, for example from EDSs and 

PHR. These resources have clinical entities, for example follow up, laboratory results, 

clinical notes, medications, allergies etc. The three higher-level entities of consumer support - 

Readability Support, Decision Support and Communication/Collaboration Support - present a 

high level abstraction of consumer support which a software application can provide using 

semantic annotations in the source text. Here we assume that the main source of automatic 

semantic annotation in clinical information is UMLS. However, the applications to provide 

Communication/Collaboration Support could also incorporate manual annotations to 

facilitate communication between the health information provider and consumer. In this 

ontology some of the Readability Support entities (synonyms and hyperlinks) for clinical 

notes in EDSs have been implemented in SemLink. Similarly, SemAssist implemented the 

Recommendation entity for Medications in EDSs. This ontology provides a common 

understanding of consumer support for clinical information which can be used by software 

applications to provide consumer support at various levels of granularity. In addition, the 

ontology can be extended to include other types of clinical information and consumer support 
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as needed. Such unified ontologies are more likely to be shareable by a large number of 

communities from where detailed specialized ontologies can be derived for more specialized 

applications. 
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Figure 7-6. Unified semantic annotation ontology of clinical information
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7.4. Semantic Annotations for Health Consumers in 21st Century 

The Institute of Medicine envisions 21st century medicine to be consumer-centric. It states 

that “Patients should receive care whenever they need it and in many forms, not just face-to-

face visits” [231]. Personal Health Records (PHRs) are recognized as having a key role in 

supporting patient-centric and information-driven health care [232]. The Markle Foundation’s 

Connecting for Health collaborative, has defined a PHR as an “electronic application through 

which individuals can access, manage and share their health information and of others for 

whom they are authorized, in a private, secure and confidential environment” [233]. The PHR 

system can automatically integrate information, such as patient details, allergies, 

immunizations and treatment plans, from networked medical devices and support a robust 

patient access and control model [234]. Several Internet-based PHR services have emerged 

over the last few years. Prominent examples are Google Health [235], Microsoft Health Vault 

[236], Dossia [237] and myPHR [238]. Many of these platforms allow patients to use third-

party applications which provide personalized services based on consumer health profiles. A 

patient can add any of these services (just as users can add applications in Facebook) in their 

PHR. A semantic annotation component in PHR could enhance the information with 

annotations which can be used in any application to produce customized support for 

consumers. In the following subsections, we present a few such opportunities for 

transforming PHR data into meaningful information for consumers.   

7.4.1. Information and Education 

Providing the patient with a printed summary of a consultation has been found to improve 

consumer understanding of their care process, motivation to comply with treatment plans, and 

their relationships with providers [239]. A semantic summarizer can automatically generate 

consultation summaries for patients in which medical concepts are further highlighted and 

annotated with hyperlinks to online Web resources. These summaries can be imported in 

PHRs which allow the patient to overcome any difficulty in understanding the summary 

content.  

Clinical guidelines also represent a rich source of information which can be utilized by 

patients to improve their understanding of health issues. However, the consumer would need 

a certain degree of expert knowledge to apply the guidelines to concrete cases [240]. To 

disseminate clinical guidelines in a form to be useful in PHRs, semantic annotations can 
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capture knowledge encoded in clinical guidelines and automatically combine it with personal 

health data as a means to deliver meaningful and actionable information for patients. For 

example, if a patient concerned about his diabetes decides to follow the procedure described 

in the diabetes guideline, a semantic application can interact with his personal health record 

to access the diabetes guideline and apply its rules to the patient’s information and provide a 

personalized evaluation and recommendations.  

Another application of semantic annotations is to automate the delivery of health information 

from trusted resources. For example, such an application would allow the user to click on the 

term “blood pressure” and then the PHR system would return the information that relates to 

blood pressure. Such an application would automatically populate PHR content with highly 

specific links relevant to a PHR user's medical history.   

The new health-care oriented online social services, such Patients-Like-Me [241] or Cure-

Together [242], allows patients with the same clinical problems to contact each other to share 

their experiences and knowledge. A semantic annotations based application in PHR could 

help a patient by pointing out relevant social services. Similarly, semantically annotated PHR 

information could also help a patient to find the most relevant clinical trials that match their 

health information. Such an application could, for instance, match a patient taking the drug 

Vancomycin to a clinical trial that requires patients taking antibiotics. One such example is 

TrialX [243], which is currently integrated with both Microsoft Health Vault and Google 

Health and has matched enormous numbers of patients to clinical trials.  

7.4.2. Shared Care 

Shared care deals with assessing the health and social care needs of an individual and 

evaluating their impact on consumer health conditions so that appropriate action can be 

agreed and planned with the individual. Semantic annotation could contribute in shared care 

delivery, for example the application could capture the patients’ most convenient pharmacy 

and allow the product to be dispensed at their door step and also enter the details of the 

product in the patients PHR. Another opportunity is the provision of various types of 

scheduling to coordinate care. A semantic application could match a patient’s personal 

calendar with those of attending clinicians, so that future care can be planned around their 

existing life commitments.  
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Co-authorship between patient and practitioner has been found to convey more complete, 

accurate and mutually understandable health information [244]. A manual annotations feature 

in a PHR may encourage this joint working and allow consumers to take on a more active 

role in their healthcare.  

In addition, the shared care paradigm would also be helpful in providing flexible means of 

supplementing formal health care for managing patients with chronic conditions. The chronic 

care model (CCM) [245], which has gained wide acceptance in chronic care, suggests that 

interactions between informed, activated patients and prepared, proactive care teams can 

produce better care and improved outcomes. The use of information technology and registries 

to facilitate tracking and the provision of quality longitudinal care already show a great 

promise in the provision of care for patients with chronic conditions [246, 247]. The semantic 

annotations based recommendation systems could further improve care delivery processes by 

identifying specific populations in these registries who are not meeting treatment goals and 

by generating alerts on which providers can strive for improvement. Furthermore, 

semantically annotated information in PHRs could potentially create a virtual community of 

care by creating linkages between all participants in the care delivery process. A manual 

annotation approach could provide communication support between these participants and 

automatic semantic annotations could deliver educational material to target populations. 

Another implication is in the provision of care to outlying and underserved communities. For 

example, diabetes patients living in rural communities could transmit their blood pressure, 

weight, and glucose readings through PHR which would then be automatically downloaded 

by a semantic based application to stratify risk and be made available to nurse practitioner 

located at the urban health care facility.  

7.4.3. Clinical Decision Support for Consumers 

Adapting clinical decision support systems for use by patients could bring major benefits. A 

PHR application can collect updated information and can generate personalized alerts for 

patients. For example, a personalized ADE alert system could match patient’s medications 

and allergies to generate personalized alerts to inform the patient about potential risks and 

possibilities of ADEs. This service could provide further recommendations and self-

management information for patients. These automatic decision support services for patients 

can increase patient safety by turning patients’ attention toward relevant content regarding 
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their health profile, and providing further explanations about potential risks, which in turn 

may prevent future adverse events.  

7.5. Discussion 

This chapter has presented the notion of semantic annotation in a generic framework to 

support consumers in their health information retrieval and understanding. Within this 

framework, we designed an upper-level EDS ontology and software architecture to support 

writing practices complemented with reading practices. The writing support is provided on 

the understanding that good written content will form the basis of supporting and 

strengthening consumers’ reading process, while reading support is also provided by online 

knowledge support for difficult terms in EDSs. These two approaches are integrated with an 

aim of maximizing accessibility of the entire document, including the clinical 

communications, within a spirit of consumer empowerment and supported self-management. 

The currently implemented applications for our software architecture incorporate SemLink 

annotations in PDF format and interactive authoring support provided by SemAssist. The 

PDF document augments the EDS text with links to consumer-friendly terms and Web 

resources to make content more comprehensible and which can be delivered to consumers by 

email or viewed in an Internet browser. SemAssist can be integrated in a clinician’s workflow 

to assist them in incorporating consumer knowledge in their practice.  

The lay expert problem has also been studied in other domains. The best project [248] aimed 

to bridge the gap between terminology written by experts and laypersons in the legal domain. 

Two types of ontologies were used: a user ontology and a legal thesaurus. The user ontology 

holds laypersons’ view of cases and common sense concepts are used to describe these. The 

legal thesaurus holds the expert view and is used to annotate legal documents. These two 

ontologies are used to mediate between layperson and experts. Hovy [249] exemplifies the 

use of ontology in the lay expert problem in access of government databases. The system uses 

an integrated upper-level ontology which is further extended for layperson’s terminology and 

expert terminology at different levels. The ontology provides links between the expert and a 

layperson version of the term to allow the layperson to navigate using common sense 

terminology. A similar approach is adopted in the domain of encyclopaedic information on 

birds in an information-providing dialogue system [250]. In this system, a bird encyclopaedia 

was used to extract information and populate ontologies. The encyclopaedia ontology reflects 

the expert’s view of the domain and a question ontology, which was developed from a corpus 
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of questions, reflects the laypersons view of the domain. The two ontologies were then 

integrated to mediate between expert and lay terminology. 

Most research in health informatics is fragmented and aimed at either clinicians or 

consumers. Relatively little effort has been dedicated to integrated approaches for a variety of 

health information users. Since both consumer and provider play an important role in health 

care process, we have adopted a comprehensive strategy with the provision of clinical 

decision support for clinicians integrated with dynamic hyperlinking for consumers. We have 

applied this approach in the domain of EDSs to demonstrate the capabilities of a semantic 

annotation framework to mediate between health information and consumer. Since the 

proposed architecture uses semantic annotations based on upper-level ontology which consist 

of concepts from a comprehensive medical vocabulary like UMLS, it can be extended to 

applications for other health information. Furthermore, our semantic PDF document approach 

is applicable to clinical domains other than EDSs where the integration of documentation and 

knowledge support is needed. 

Targeting consumer support, further opportunities have been discussed for supporting the key 

task of delivering health information as well as assisting in personalized use and access of 

health information. Promising tools have emerged from automatic annotations including 

content adaptation, summarizer, translators, visualizers and question answering. Extending 

this notion to manual annotations can also open a paradigm of shared information and care. In 

addition, a unified ontology for semantic annotations is presented. This ontology can be used 

in integrated applications with specialized components that use the ontology for the purpose 

of retrieval and analysis of the information relevant to a particular consumer. We believe that 

the incorporation of linguistic and semantic annotations into health content, which combines 

the complementary strength of low-level features and high level semantics, will open up a 

new model for applications and services aimed at consumer empowerment. However, 

although the model sketched above looks promising, it still requires a lot of research and 

experiment to determine to what extent and how it could improve consumers' understanding 

of their health issues. 
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Chapter 8. Conclusion and Future Work 

In this chapter we conclude this thesis by highlighting our research contributions. We also 

discuss some follow up work, implications of our research and propose directions for future 

work.  

8.1. Contributions 

The main contribution of this thesis is a semantic annotation framework to produce patient 

friendly EDSs for empowering patients in their post-discharge care by improving self-care 

information and knowledge support. This framework is grounded in analysis of a corpus of 

200 EDSs which found two key issues – use of clinical vocabulary and insufficient advice to 

patient – that impose comprehension barriers for consumers. To address these issues we 

implemented two modules, SemLink and SemAssist, within a software architecture to 

produce patient-friendly EDSs. We explain these contributions in the following subsections.  

8.1.1. Analysis of EDS Corpus 

The EDS corpus was analysed by automatically measuring its syntactic and semantic 

features, and by a panel assessment of information in EDSs with respect to adequacy and 

specificity for successful post-discharge care. With respect to consumer readability, these 

studies exposed two main issues:  

1. EDSs were found to contain clinical vocabulary and abbreviations that are unlikely to 

be understood by consumers. The text analyses indicates that the clinical management 

section, while acceptable by traditional readability measures such as Flesch-Kincaid 

Grade Level [106], has a higher density of abbreviations than the advice to patient 

section and considerable density of noun phrases that are unlikely to be understood by 

consumers based on CHV [39]. These results complement the panel assessment which 

found the presence of abbreviations and medical terminology in these summaries. 

These results also align with similar findings showing use of medical terminology [4, 

161] and abbreviations [11] in clinical text that have been found to impose 

comprehension barriers in other studies [3, 160, 162]. 

2. EDSs were found to contain inadequate advice to patients. The results of text analyses 

indicate that the advice to patient sections in EDSs, while written at an approachable 
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grade level and low abbreviation density, are very brief and largely uncorrelated to the 

length of the clinical management sections or the total lengths of the EDSs. This is 

confirmed by the panel assessment, where medical specialists found 42% of advice to 

patient sections to be deficient in quality, with the main problems of being missing or 

incomplete advice and a lack of useful information or synopsis given in these 

sections. These findings also agree with other studies finding missing and suboptimal 

information for patients and families [20, 159]. 

8.1.2. Semantic Hyperlinks for Consumers 

To address the issue of difficult vocabulary in EDSs, a semantic annotation based readability 

support – SemLink – was designed, implemented and evaluated. SemLink provides consumer 

friendly names and dynamic hyperlinks to the most appropriate and readable consumer-based 

Web resource for difficult terms and phrases in the free text of EDSs. Semantic annotations 

are achieved by using an ontology-based terminology model using UMLS [38], CHV [39] 

and a list of locally approved abbreviations. The current application of SemLink embeds 

dynamic hyperlinks in PDF-format renderings of EDSs.   

SemLink was developed iteratively with interim evaluations. In a preliminary automated 

evaluation, the SemLink dynamic hyperlinking achieved 95% precision in hyperlinking 

topically relevant Web resources, within which 83% of hyperlinks could be restricted to 

resources of reading grade-level 8 or less. SemLink was finally evaluated by experts’ 

feedback in which 65% of hyperlinks were found to be topically relevant to the annotated 

term as agreed by the majority of the experts. When compared with Google’s first hit, the 

overall performance showed that the dynamic hyperlinking provided in SemLink is a 

promising alternative method as compared to the de facto approach of leaving consumers to 

carry out manual searches themselves for difficult terms in their clinical documents.  

Several systems reported in the literature have objectives similar to SemLink. For example, 

Infobuttons have been designed to provide context-specific linking from online resources 

[121] for consumers in their Pap smear reports. Infobuttons have also been designed to 

generate topic-specific links to meet information needs of health professionals [119]. 

Infobuttons are found to be helpful [117, 118], however, they provide contextualized 

hyperlinks for specific topics rather than term-based linking. In addition, Infobuttons select 

hyperlinks from a knowledge base of available information resources [114] rather than using 

the dynamic hyperlinking approach employed in SemLink. Similarly, the health portal of the 
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National electronic Library of Infection (NeLI) provides a dynamic linking facility for 

professionals by hyperlinking the term being visited to related pages within the portal [125]. 

iCEMR [122] employed a more patient centric approach by collecting patient information 

from EHR and executing a search engine query to recommend home medical products for the 

consumer [122]. To improve lay readers’ comprehension of medical literature, Elhadad [111] 

presented a system for lay readers which automatically provides links to medical-specific 

definitions, selected from amongst Google search results, for unfamiliar terms in the medical 

literature. In an approach potentially complementary to ours, Miller et al. [123], used 

semantic visualization to dynamically generate health topic overviews for consumer health 

Web pages. Specifically for providing readability support in clinical text for consumers, Zeng 

et al. [110] implemented a translator which identifies difficult terms, automatically replaces 

them with easier synonyms, and adds explanations for these terms in lay vocabulary. This is 

potentially powerful; however, we opted not to follow this approach as it hides the original 

text from consumers.  

8.1.3. Semantic Recommendations for EDS Authors 

To address the problem of suboptimal advice for patients in EDSs, an ontology-based 

interactive semantic recommendation system – SemAssist – was designed and implemented. 

SemAssist offers authoring recommendations in the form of auto-text to be inserted into the 

patient advice section of EDSs as well as relevant critiques if a necessary advice is missing. 

The underlying decision support knowledge of SemAssist is modeled in an ontology for a set 

of high-risk discharge medications. The ontology model also includes medication knowledge 

for consumers in the form of side effects, required patient actions and follow-up necessary to 

manage their post-discharge self care. SemAssist extracts critical medication information 

from EDS text; the semantic annotations and decision support rule base then provide patient 

and medication specific authoring recommendations about the inclusion of consumer 

knowledge modeled in the ontology.  

Semantic annotations generated from NLP have recently gained attention to facilitate 

decision support in clinical free text [34, 48, 79, 147, 215]. Closer to SemAssist are the 

systems described by Kashyap et al. [48] and ACEMR [215] which are designed to use 

semantic annotations to facilitate clinical documentation. However, these systems use 

description logic to flag the clinical author if an underlying decision rule is broken, whereas 

SemAssist drives the execution of decision rules based on NLP based semantic annotations in 
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free text to provide EDS content recommendations. More similar in aims to SemAssist is the 

Baby Care Link [146] application, which integrates ontology based knowledge and decision 

support at authoring time to assist clinical authors in identification and recommendation of 

patient educational resources. However, SemAssist differs from Baby Care Link in providing 

the facility of natural language generation with decision support by providing auto-text and 

critique in a real-time environment.  

8.2. Answers to Research Questions 

It has been shown that semantic annotations can be used to enhance information quality of 

clinical text for consumers. In this work we used semantic annotations to mediate between 

consumers and health information by providing reading and authoring support in EDSs. In 

this thesis, we have demonstrated and assessed dynamic hyperlink generation and authoring 

recommendations in the context of EDSs using NLP and ontology based metadata. The 

dynamic hyperlinks helped to provide interpretative and knowledge support for difficult 

terms in EDS, while, the authoring recommendations helped to enhance consumer knowledge 

of their discharge medications by including necessary information in the advice to patient 

section of EDSs.  

It has also been shown that semantic annotations can be used to retrieve topic specific and 

readable Web resources dynamically. The semantic annotations and term frequency metric in 

SemLink dynamic hyperlinking algorithm allowed us to incorporate concept based linking 

and readability measures in selecting the most appropriate online resource for the annotated 

term or phrase. In this algorithm we used UMLS and CHV to provide more useful dynamic 

linking where hyperlinks are offered based on a concept name or a synonym of it. 

It has been demonstrated that ontologies provide a flexible mechanism of modeling domain 

knowledge of a clinical decision support system. The medication ontology in SemAssist is 

used to model the domain knowledge of critical medication and associated consumer 

knowledge to manage their post-discharge self-care. This ontology model informs an 

interactive authoring recommendation system that leverages decision rules with automatic 

semantic annotation in free text of EDSs to assist clinical authors in providing comprehensive 

self-care information for consumers.    

In term of implications, the semantic annotation framework can provide a mechanism to use 

health information more efficiently for the benefit of patients’ health care. One of the 
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implications is that there is clearly the potential to use the semantically annotated health 

information approach in a PHR, EHR or registries to provide a more proactive, patient-

centred, evidence-based approach to face the challenges in chronic disease management. For 

example, both SemLink and SemAssist provide means to proactively engage patients in their 

post-discharge care process by providing reading and knowledge support in their EDSs. In 

addition, SemLink could also be used by a care team member, for example a nurse 

practitioner or a health navigator, to support them in explaining clinical concepts to patients 

in their EDSs. 

In a broader sense, our semantic annotation framework has implications for the 

implementation of key features of Wagner’s chronic care model (CCM) [245]. One of the 

features of CCM is to provide evidence based decision support for care providers. A semantic 

annotation based decision support system could provide recommendations and alerts to 

providers for patients who are not meeting treatment goals to help providers take necessary 

actions and strive for improvement. Another feature of CCM is to mobilize community 

resources to meet patients’ needs. Semantically annotated information in a PHR could help to 

mobilize community resources, for example by generating reminders to encourage patients to 

participate in community programs, or by pointing patients to relevant online social media 

services. In addition, our semantic annotation framework has implications for care 

coordination by providing automatic linkages between all participants in the care delivery 

process to allow them to deliver care whenever it is needed. For example, a system can 

automatically download patients’ vital information from their PHRs or mobile device to 

stratify risk and make this available to relevant care providers for appropriate action. Such an 

application also has implications for the generation of personalized alerts that inform the 

patient about potential risks and provide further recommendations and self-management 

information for them.   

From the developer perspective, the results show that customized applications that suit the 

information needs of a particular user could form a basis for an integrated approach in the 

development of health information systems for providers and patients. Another implication 

for developer practice comes from the fact that before developing any application developers 

have to model the domain knowledge for the system which they are going to develop. This 

model helps developers in understanding the functional and user requirements of the system 

being developed. The unified ontology for semantic annotations presented in this thesis 

provides a high-level domain model about the interaction between health information and its 
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consumers and opens up a new model for applications and services which have implications 

for improving this interaction. Furthermore, the proposed framework uses semantic 

annotations based on a comprehensive medical vocabulary like UMLS which would allow 

developers to extend it to applications for a broader range of health information than just 

EDSs.  

In summary, we believe that the semantic annotation framework developed in this thesis 

addresses the research questions posed at the onset of this project. We have successfully 

demonstrated how to formally model the conceptual knowledge encapsulated in EDS content 

so that NLP based semantic annotations can be leveraged to provide reading and authoring 

support in EDSs. Moreover, the unified ontology for semantic annotations provides a basis 

for the development of applications and services supporting proactive and patient-centred use 

of health information for the benefit of patients’ health care.  

8.3. Future Work 

8.3.1. System Enhancements 

Some issues in the developed systems require further investigation. The work which could be 

done can be outlined as follows: 

1. The hyperlinks to WordNet definitions for compound phrases and the term frequency 

less than 1 in hyperlinked pages, which are major cause of topical irrelevancy in 

annotated phrases in SemLink, could be filtered by PDF creation engine at the time of 

embedding links in the EDS text, so that inappropriate linking will “first do no harm” 

and to provide a safer system for the consumer. 

2. In SemLink, we only check the validity of hyperlinks at the time of creation of the 

PDF document. If SemLink were to be deployed in a PHR environment, then we 

could choose to decouple the hyperlink from EDS content to ensure the validity of 

hyperlinks. This approach of keeping document-related metadata independent would 

also allow us to choose user-specific hyperlinks that change according to the interest 

of the user or the context of usage. This would mean that for one and the same 

document, different annotations and hyperlink selection methods would be able to 

deliver different levels of knowledge for professionals and consumers.  
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3. Currently, SemAssist uses a rule-based IE method to provide authoring support in free 

text which could potentially lead to false positive critiques. We chose this method 

because of the complexity of free text and the lack of training data. We performed 

several permutations to annotate advice concepts in JAPE grammar rules, but this still 

could lead to false positive annotations. In future, using a hybrid approach of using 

grammar rules with machine learning with a large sample of data (much larger than 

our sample of 200 EDS) could ameliorate this problem. For training data a pre-

annotated clinical text could be used. In addition, manual annotations could be 

performed on EDS text augmented with the text of medical question answering 

websites like Ask The Doctor (www.askthedoctor.com). 

4. The dynamic provision of related hyperlinks from consumer resources and the use of 

an automated readability measure by no means ensure that a given consumer will in 

fact find that dynamic hyperlinks enhance their ability to understand the term as used 

in the context of their specific EDS. A user evaluation of SemLink with real 

consumers would be a logical and necessary next step to assess its appropriateness in 

consumer empowerment of their health knowledge. Similarly, the evaluation of 

SemAssist with clinicians would be helpful in assessing its efficacy in expediting and 

enhancing the patient advice process in ‘real time’ mode.   

8.3.2. Recommendations for Future Research 

In this thesis, we have examined semantic annotations to provide dynamic hyperlinks in 

clinical management and automated recommendations in patient advice sections of EDSs to 

make their content more clearly understood by consumers. We believe that the task of 

providing readability support in EDS to better meet user requirements can be extended in 

many directions. Several ideas for performing future research are:  

Enhanced Semantic Hyperlinking: The term frequency metric in SemLink could benefit 

from additional ontological knowledge encoded in UMLS. Hierarchical or non-hierarchical 

relations could provide the hyperlink service with additional opportunities for identifying 

target resources by navigating the relationships in the UMLS. For example, if two concepts 

are siblings, they could be used to modify the term frequency metric to identify related pages. 

In addition, apart from the readability score our algorithm did not examine page content for 

its relatedness to annotated terms or synonyms. Machine learning techniques and 

http://www.askthedoctor.com/
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classification models could be used to identify content topics and information resources for a 

particular context of the annotated term. 

GP Friendly Content: Our semantic annotation framework could be customized to provide 

GP-friendly or nurse-friendly EDSs. For such a system, SemAssist authoring support could 

be extended to the authoring of GP advice by modelling elements specific to ongoing 

treatment goals in the ontology and using NLP based semantic annotations to assist EDS 

authors if a necessary ongoing goal is missing in the Advice to GP section. The 

recommendation component could verify the GP goals against the patient’s current medical 

condition and automatically populate the GP advice section with specific goals, or display a 

list of necessary goals to allow the author to select one or more goals suitable for a particular 

patient. Similarly, SemLink could use PubMed or Cochrane resources to generate hyperlinks 

for health professionals based on users’ profile. 

Visualization Support for Laboratory Results: If EDSs are presented online, irrelevant 

data in laboratory results sections could be minimised by employing a hyperlinking strategy. 

For example, the laboratory results could be provided as hyperlinks accessed upon request. 

This strategy could keep the entire EDS content intact and yet also help to avoid information 

overload in EDSs. Another strategy would be to use semantic visualization by modelling the 

conceptual structure of EDS sections and the information contained in these sections in an 

ontology. For instance, a section map annotating specific sections in EDSs could provide 

navigation and visualization support for EDS content. 

Tailored Patient Advice: A semantic annotation based patient advice module could enhance 

the quality of patient advice by tailoring information according to the needs and level of a 

particular patient. For example, a personalized patient advice generation module could match 

a patient’s high risk discharge medications and allergies to generate personalized auto-text to 

be included in the patient advice section to inform the patient about potential risks and 

provide self-management information. Keeping in mind that the inclusion of pictographs in 

discharge instructions has already been shown to improve comprehension by consumers 

[113], the SemLink ontology may also include pictographs to inform patients about their 

medication self-administration process. Similarly, the automated advice could be extended to 

inform patients about relevant social and medical services and support groups, including 

tailoring to their geographic area.  
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Hyperlinked Summaries: Instead of hyperlinking on EDS directly, SemLink could be 

integrated with automatics summarizer. Such a summarizer could collect patient information 

from the EHR and generate a summary of multiple EDS sections related to the patient’s 

current diagnoses, discharge medications and follow up advice. This summary could then be 

augmented with hyperlinks to online Web resources relevant to the medical concepts.  

As we have shown, the semantic annotation framework can improve the effectiveness of 

EDSs for clinicians and patients, and there is potential not only for further improvement in 

this field but for application in other fields as well. 
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Appendix A. Panel Assessment Questionnaire 

EDS id: ____________. Panelist: __________________. Date of assessment: ___________. 

Electronic Discharge Summary(EDS) Assessment 

Answer the following questions with respect to information quality (adequacy and specificity) of this 
discharge summary. 

1. The information contained in the diagnosis field of this EDS is optimal to support 
ongoing management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

2. The information contained in the “Other relevant Medical Problems/ Diagnoses” 
field of this EDS is optimal to support ongoing management of the patient in 
primary care (GP). 

 Yes  No 

If not, describe the issue: 

3. The information contained in the “Follow up plans” field of this EDS is optimal to 
support ongoing management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

4. The information contained in the “GP tasks” field of this EDS is optimal to 
support ongoing management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

5. The information contained in the “Significant investigations – Abnormal results 
and list of the normal tests done” field of this EDS is optimal to support ongoing 
management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

6. The information contained in the “Major interventions/operations” field of this 
EDS is optimal to support ongoing management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

7. The information contained in the “Discharge destination” field of this EDS is 
optimal to support ongoing management of the patient in primary care (GP). 

 Yes  No 
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If not, describe the issue: 

8. The information contained in the “Referrals to other services” field of this EDS 
is optimal to support ongoing management of the patient in primary care (GP). 

 Yes  No 

If not, describe the issue: 

9. In your view, does this EDS provide adequate information to the patient about 
his/her ongoing care? 

 Yes  No 

If not, describe the issue: 

10. Looking to the possible reformatting of the EDS as a hypertext document, for all the content of this EDS 
please place ticks beside the text (using highlighter pens) to indicate how important you think each entry is 
with respect to the needs of a GP viewing the summary for purposes of ongoing management of the patient.  

- ORANGE for “most important” items which must be available directly in the top-level summary 
- GREEN for “important” items which should be accessible with one mouse click from the top-level 

summary. 
- BLUE for “least important” items which would be better excluded from the discharge summary 

report. 
 

11. Please provide any other general comments, or specific recommendations, you have regarding the 
content of this EDS. 

 

 __________________________________________________________________________ 

 __________________________________________________________________________ 

 __________________________________________________________________________ 

 __________________________________________________________________________ 

 __________________________________________________________________________ 
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Appendix B. SemLink Evaluation Questionnaire and Directions 

SemLink Evaluation Questionnaire 

EDS id: _____________ Panellist: _________________ Assessment date: ___________ 

Assessment of Readability Support for the Electronic Discharge Summary (EDS) 

Please read the Clinical Management section of the provided Discharge Summary. For each of the underlined 
terms or phrases you are provided with a printout of a Web page. Answer the following questions below with 
respect to the relevance and quality of the provided Web page for the hyperlinked term.  

Hyperlinked term/phrase: [Difficult term on EDS]* 

Preferred Name for the hyperlinked term/phrase: [Most consumer-friendly synonym]* 

Synonyms for the hyperlinked term/phrase: [List of synonyms]* 

1. The page content is topically relevant.  
 

Strongly agree Agree Neutral Disagree Strongly disagree 

     

2. The information in the Web page will support the patient in understanding the meaning of the term. 
 

Strongly agree Agree Neutral Disagree Strongly disagree 

     

3. The information in the Web page will be helpful to the patient in managing their ongoing care after 
discharge. 

 

Strongly agree Agree Neutral Disagree Strongly disagree 

     
 

4. Please provide any comments or specific recommendations you have regarding the content of this Web 
page. 
______________________________________________________________________________________ 
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Questionnaire Directions  

1. Put the file “EDS_evaluation.zip” on the root of your C:\ drive and unzip it. It will create a folder 
C:\EDS_evaluation.  

2. Open the excel workbook C:\EDS_evaluation\EDS_Terms. This file contains separate sheets for the eight 
Clinical Management sections you are provided as hard copy printouts. The Excel sheets are named with 
respect to the name of each of the Clinical Management sections. For example, the sheet Clinical 
Mangment_1 contains all the unique underlined terms/phrases in the printout of Clinical Management 1. 

3. Click on the term/phrase in column–A (Hyperlinked Terms/Phrases), it will open a corresponding 
questionnaire window (as a Microsoft Word Document) and the related Web page (in Internet Explorer 
browser window). You may wish to adjust the size and position of the Microsoft Word and browser 
windows. 

4. As you complete the questionnaire for each term/phrase, close it and say ‘Yes ’ to save.  

5. When you have completed all the term/phrase questionnaires for a Clinical Management section, move onto 
the next Excel tab. Take breaks as and when suits you. 
 

 
Please bear in mind the following while providing your responses for the questions: 

• In question 1 a Web page “is topically relevant” if its page title concerns the hyperlinked term or phrase, or 
any of its synonyms, with respect to the meaning of that term or phrase as it is used in the Clinical 
Management section in which it appears (note, it may appear more than once). 

• In question 2 the Web page “will support the patient in understanding the meaning of the term”, if you 
believe the page content would be likely to assist the patient in understanding the meaning of the term to 
which it is linked.  

• In question 3 the Web page “will be helpful to the patient in managing their ongoing care”, if you believe 
the Web page content would, on the whole, be helpful to the patient in understanding the implications of the 
Clinical Management section content such that they were better able to manage their post-discharge self-
care.  

• For questions 2 and 3, envision the patient as typical of someone for whom that specific Clinical 
Management text applied, or as a relevant caregiver or family member if the patient appears to be someone 
whose age and/or disability makes it likely that they would not be taking the lead in their own care (e.g. 
child or very frail elderly). 
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Figure B-1. SemLink evaluation user interface 
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Appendix C. Extra Figures and JAPE Rules 

10 minutes coordination gp NG referral stress 
2nd cough gram no complaints related studies 
5 minutes crampy GU no treatment relief study 
address cut has nonspecific reminder subsequent 
adhesion cx head normal removal suggest 
adhesions d/c head oa replacement suggest 
advice deficits healthy obs resolution suggestion 
alert device home visit observation resolved suggests 
attacks diagnosed hospital for 

review 
observation resolving supervised 

bereavement diagnosis i.e. observations responded supervision 
bit did illlness obstruction restless surgery 
block discussed IM operation return home sz 
blocked discussed 

with 
impairment operative riding bike taxis 

bridge discussion inpatient orientated RN tea 
bright disease insertion os rugby tenderness 
cardiologist disorder insight outpatient scan theatre 
care drainage interactive pace scanning therapies 
caregiver drawer intervention pain script thickening 
caregivers dressing kitchen pain after SE tip 
carer eating knee painful segment tired 
carers elbow layer pains sensation toilet 
caring elderly left foot para short period tomorrow 
certificate engage lifting parking shoulder top 
cheek ER lives pillow sign TR 
cheerful family history LM pillows signs transfer 
closure family lives lost playing since transfer 
colicky Fe LP PM sitting transferred 
collapse feet mass presentation skip transfers 
comfort fine maximum presentations SL transient 
comfortable fit mechanical problem slight treated 
complaint fitness medical 

management 
problems social worker treatment 

complaints fitted medically procedure sore unremarkable 
complement fixation medication progress source unresponsive 
complication Follow up medications purpose specific unwell 
complications follow-up method rail spot ve 
confirmed forearm mildly rails spots water 
confirms forehead mod reassurance SS weak 
considerable Fr move recall stabilised weakness 
consideration FU moves recommended stage weight 
construction gas mrs red standing white 
consultant gentle MS redness stay workload 
 good effect negative reduction staying work-up 

Figure C-1.  Stop word list in SemLink
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Warfarin: Warfarin is not interchangeable with other brands. Adhere strictly to prescribed dose. 

Avoid alcohol, salicylates including topical analgesics, large amounts of green leafy vegetables, 

cranberry juice, drastic dietary change, dairy products fortified with vitamin K. Consult doctor of any 

change in food, food supplement, fruit juice, tea or herbal medicine intake or if you start or stop any 

medication including complementary, alternative medicines. 

Notify doctor of dark brown or red urine, severe headache, diarrhoea, coughing up blood, easy 

bruising, bleeding from gums or nose. 

Ask your General Practitioner (GP) to test your blood for International Normalized Ratio (INR). 

Amoxicillin: Finish the Amoxicillin course. Refrigerate reconstituted suspension, do not freeze; 

discard after 7 days. May reduce the efficacy of oral contraceptives; use barrier contraception. 

Maintain good oral hygiene. 

Notify doctor of diarrhea, nausea, vomiting, rash, hives and/or itching. 

Acetaminophen (Paracetamol): Do not exceed from the maximum dose of Paracetamol as 

prescribed. Avoid taking other Paracetamol containing products e.g. cold remedies. Limit alcohol.  

Notify doctor of constipation, nausea, vomiting and/or drowsiness. 

Prednisone: Notify doctor of joint pain, mood problems, enhanced appetite, weight gain, sleeping 

disorders, skin disorders and/or muscle cramps. 

ACE Inhibitor: ACE inhibitor may impair ability to drive or operate machinery especially when 

initiating therapy; take care until effects are known. 

Notify doctor of dry cough and/or dizziness. 

Ask your doctor to test your blood for potassium level. 

Figure C-2. SemAssist auto-text for primary high risk drugs 
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Morphine: Morphine may cause drowsiness and impair coordination; do not drive or operate 

machinery if affected. Avoid alcohol.  

Notify your doctor of nausea, vomiting, vomiting, itching, urinary retention, constipation, sexual 

dysfunction, swelling, respiratory depression and/or overeating,  

Ibuprofen: Notify doctor of appetite loss, nausea, vomiting, indigestion, upper abdominal pain, 

constipation, irritation, rash, headache, giddiness, ringing in the ear and/or deafness. 

Quinine: May affect ability to drive or operate machinery; take care until effects of Quinine are 

known. 

Notify doctor of abdominal pain, ringing in the ear, dizziness, headache, itching, rash, disorientation, 

confusion and/or visual disturbance.  

Digoxin: Take care if driving or operating machinery until effects of Digoxin are known. Do not take 

with antacids or Calcium preparations. 

Notify doctor of abnormal heart rhythms, appetite loss, nausea, vomiting, abdominal pain, fatigue, 

disorientation, confusion and/or visual disturbance. 

Glyceryl trinitrate (Nitrolingual Pumpspray): During an anginal attack, one or two sprays of 

sublinguial spray should be administered into your mouth, preferably onto or under the tongue. Do 

not inhale spray. The medication should not be spit out or the mouth rinsed for 5 to 10 minutes 

following administration. A spray may be repeated approximately every 3-5 minutes as needed. No 

more than three metered sprays are recommended within a 15-minute period. If chest pain persists, 

prompt medical attention is recommended. Do not share or give your medication with others, 

particularly those who may appear to be having chest discomfort similar to yours. Once fluid falls 

below the level of the centre tube, sprays will not be adequate and the container should be 

replaced. Do not forcefully open or burn container. Do not spray toward flames. Keep in a safe place 

and out of the reach of children.  

Notify doctor of headache, nausea, dizziness, abnormal skin sensations, breathing difficulties, 

abdominal pain, mouth or lip sores, weakness, swelling in the feet and legs and/or throat 

inflammation. 

Figure C-3. SemAssist auto-text for secondary high risk drugs 
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Ontology Class Instances 

Warfarin Marevan, Warfarin, Warfarin_Sodium 

Warfarin_Action Prescribed_Dose_Adherence, Avoid_Alcohol, Avoid_Salicylates, 

Avoid_Green_Leafy_Vegetables, Avoid_Cranberry_Juice, 

Avoid_VitaminK_Dairy_Products, Dietry_Change, Start_Medication, 

Stop_Medication 

Warfarin_Side_Effect Abnormal_Urine, Severe_Headache, Loose_Stool, Hemoptysis, Easy_Bruising, 

Gum_Nose_Bleeding 

Warfarin_Follow-up BloodTest, INR 

ACE_Inhibitor Accupril, Benazepril, Captopril, Cilazapril, Enalapril, Enalaprilat, Fosinopril, 

Imidapril, Lisinopril, Maexipril, Perindopril, Quinapril, Ramipril, Trandolapril 

ACE_Inhibitor _Action Impair_Ability_to_Drive, Impair_Operate_Machinery 

ACE_Inhibitor _Side_Effect Dry_Cough, Dizziness 

ACE_Inhibitor _Follow-up Pottasium_Level 

Amoxicillin Amoxicillin, Apo-Amoxi, Ibiomox, Amoxil, Ospamox, Augmentin, Ranbaxy-

Amoxi, Curam, Alpha-Amoxyclav, Synermox 

Amoxicillin_Action Finish_Course, Referigrate_Suspension, Discard_Seven_Days, 

Good_Oral_Hygeine 

Amoxicillin_Side_Effect Nausea, Rash, Hives, Itching, Vomiting, Loose_Stool 

Acetaminophen Capadex, Codalgin, Codral, Coldrex, Dimetapp, Junior_Parapaed, Lemsip, 

Maxiclear, Mersyndol, Orthoxicol, Pamol, Panadeine, Panadol, Paracare, 

Paracetamol, ParaCode, Paracotene, Paradex, Paramax, Perfalgan, Pirophen, 

Sinutab, Six_Plus_Parapaed, Sudafed 

Acetaminophen_Action Max_Dose, Limit_Alcohol 

Acetaminophen_Side_Effect Constipation, Nausea, Vomiting, Drowsiness 

Prednisone Prednisone 

Prednisone_Side_Effect Joint_Pain, Emotional_Labiality, Enhanced_Apetite, Weight_Gain, Insomnia, 

Skin_Disorder, Muscle_Cramp 

Grecyrl_Trinitrate Nitrolingual_Pumpspray, Difflam_Spray, Sublingual_Spray, Glytrin_Spray 

Digoxin Digoxin, Lanoxin 

Quinine Quinine, Q200, Q300 

Ibuprofen ACT_3, Apo_Ibuprofen, Brufen, Fenpaed, I-Profen, Ibuprofen, Nurofen, 

Panafen 

Morphen LA_Morph, M_Eslon, Morphine, RA_Morph, Sevredol 

Figure C-4. Class instances in Medication Information ontology 
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Phase: hemoptysis 
Input: Token Lookup Split 
Options: control = appelt debug = true 
 
Macro: HEMOPTYSIS ({Lookup.majorType=="hemoptysis"}) 
Macro: BLOOD ({Lookup.majorType=="blood"}) 
Macro: SPUTUM ({Lookup.majorType=="sputum"}) 
Macro: VOMIT ({Lookup.majorType=="vomit"}) 
 
//HEMOPTYSIS NEGATIVE RULES 
 
Rule: NotHemoptysis01 
Priority: 100 
({Lookup.majorType=="preNegation"}(HEMOPTYSIS)):temp --> 
:temp.notPatientAdvice = {type="", 
kind="notHemoptysis",rule=NotHemoptysis01} 
Rule: NotHemoptysis02 
Priority: 99 
({Lookup.majorType=="preNegation"} 
({Token.category=="VBG"}|{Token.category=="VBP"}|{Token.category=="DT"}) 
(HEMOPTYSIS)):temp --> :temp.notPatientAdvice = {type="", 
kind="notHemoptysis",rule=NotHemoptysis02} 
Rule: NotHemoptysis03 
Priority: 98 
(({Lookup.majorType=="postNegation"}|{Lookup.majorType=="preNegation"})(BLO
OD) 
({Token, !Split})[0,4] (SPUTUM)):temp --> :temp.notPatientAdvice = 
{type="", kind="notHemoptysis",rule=NotHemoptysis03} 
 
//HEMOPTYSIS POSTIVE RULES 
 
Rule: Hemoptysis01 
Priority: 15 
(HEMOPTYSIS) :temp --> :temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis01} 
Rule: Hemoptysis02 
Priority: 20 
((BLOOD)({Token.category=="VBN"})(SPUTUM)):temp --> :temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis02} 
Rule: Hemoptysis03 
Priority: 22 
((BLOOD) ({Token,!Split}) [0,4] (SPUTUM)):temp --> :temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis03} 
Rule: Hemoptysis04 
Priority: 23 
((BLOOD) {Token.category=="IN"}({Token,!Split}) [0,2] (SPUTUM)):temp --> 
:temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis04} 
Rule: Hemoptysis05 
Priority: 23 
((SPUTUM) {Token.category=="VBN"}({Token,!Split})[0,2] (BLOOD)):temp --> 
:temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis05} 
Rule: Hemoptysis06 
Priority: 24 
((VOMIT)(BLOOD)):temp --> :temp.PatientAdvice = 
{type="warfarinAdvice",kind="hemoptysis",rule=Hemoptysis06} 

Figure C-5.  JAPE rules to annotate instance of ‘hemoptysis’
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Appendix D. SemAssist Walkthrough 

Scenario: Assume Dr. Sue is a hospital physician and she is preparing a Discharge Summary 

of a 75 years old female patient. The patient is discharged with seven discharge medications: 

Voltaren, Prednisone, Omeprezole, Marven, Sodium Valporate, Difflam Spray and Lanoxin. 

Among these medications Predinsone and Marven are primary high risk while Difflam Spray 

and Lanoxin are secondary high risk medications. She starts writing patient advice for the 

patient under consideration in SemAssist interface as shown in Figure D-1. The left side of 

SemAssist window is showing patients’ age, sex and discharge medications. When she starts 

typing in Patient Advice window of SemAssist interface, she is prompted with an alert 

message to indicate that the current patient is on high risk discharge medications and offers to 

include auto-text advice for these medications as shown in Figure D-2.  She decided to accept 

SemAssist’s offer and click on ‘yes’ in the alert window. SemAssist computes and inserts 

auto-text advice for primary high risk medications and secondary high risk medications as 

shown in Figure D-3. In addition to this, she wanted to include auto-text advice for ‘Difllam 

Spray’. For this purpose, she clicked on the highlighted text of ‘Difflam Spray’ to include its 

advice as well as shown in Figure D-4. Then, she performed some editing in the Patient 

Advice and clicked on ‘Enter’ to view if any advice is missing as in Figure D-5. 

 

Figure D-1. Dr. Sue initially presented with SemAssist interface
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Figure D-2. Dr. Sue starts typing Patient Advice 

 

 

Figure D-3. Dr. Sue accepts SemAssist offer to include auto-text in Patient Advice
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Figure D-4. Dr. Sue decided to include advice for Difflam Spray by clicking on highlighted medication
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Figure D-5. Dr. Sue is shown flags with missing advice after editing 
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Thesis Related Publications 

Refereed Journal Articles 

1. M. Adnan, J. Warren, M. Orr, A. Ewens, J, Scott, J. and S. Trubshaw, “The Quality of 

Electronic Discharge Summaries for Post-Discharge Care: Hospital Panel Assessment 

and IT to Support Improvement,” Health Care and Informatics Review Online 2010, 

14(4), pg 8-17, 2010. 

2. M. Adnan, J. Warren and M. Orr, “Enhancing Patient Readability of Discharge 

Summaries with Automatically Generated Hyperlinks,” Health Care and Informatics 

Review Online 2009, December 2009. 

Refereed Conference Publications 

3. M. Adnan, J. Warren and M. Orr, “Providing Readability Support for Clinical 
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2010. 
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