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ABSTRACT

This research adopts a pragmatic paradigm in addressing the gap of reviewed semantic
enrichment frameworks that lack mechanisms to assess the degree of semantic value-
added! to flat text resources in terms of knowledge (semantic context) and semantic
capabilities (semantic structure). Currently, due to this knowledge gap, it is difficult to
drive the semantic value creation process toward specific enrichment output and to
evaluate the output as well. This is what this research refers to as, the semantic valuation
challenge.

To address the semantic valuation challenge, the research proposes the semantic value
creation framework with mechanism for semantic valuation, the Ontology-Driven
Semantic Enrichment Framework (ODSE Framework). The framework development
adapted the Design Science Research Methodology for Information Systems. The
framework leverages Linked Data principles in the conversion of flat text resources to
knowledge resources?. It further augments this basic semantic value creation process
with qualitative semantic valuation models to be applied to the semantic enrichment
added layers (syntax and semantic layers) for semantic value assessment, specifically,
assessment of the degree of knowledge creation potential and usability effectiveness of a
given knowledge resource on the basis of semantic attributes. The semantic valuation
models are also to aid semantic enrichment decision making for Open Data3 (OD)
publishers and consumers with the need for richer formats on applicable semantic
enrichment approach to adopt for specific knowledge resource output target. The
demonstration of the framework was conducted to determine the semantic enrichment
approach with potential to maximal semantic value-adding potential for more knowledge
creation and usability effectiveness.

Though the framework demonstration was specific to the Botswana development agenda
domain, the final ODSE framework has been redesigned for reusability in any semantic
value creation implementation for all types of flat text data transformations to semantic
formats. Also, the ODSE Framework implementation support tools are complementary to

any semantic enrichment framework implementation in any application domain.

1 Semantic value-added is the extra semantic value created through semantic enrichment in addition to raw OD value.
2 Knowledge resources are semantically enriched web resources/datasets.
3 Open Data is data availed for free public use, re-use and redistribution.



CHAPTER ONE: RESEARCH INTRODUCTION

1.1 Introduction to Research
Globally, the Open Government Data movement is demanding for Web publication* of
government data for free public access, with less reuse constraints [1]. In response, most
governments are pushing for the publication of OD but despite these efforts, OD is still
minimally used due to publications that are often not in reusable formats [2]. This results
from flat text publications that are difficult to access, understand, integrate and
interoperate with [2], [3]. To start with, OD is published at diverse places and in different
platforms such as national websites and regional databases. Also, it is availed in diverse
data formats such as unstructured, semi-structured, and structured forms [2]. Above that,
it is availed in diverse publication formats, such as web files, portals and as Application
Programming Interface5 (API) links [4]. Furthermore, most OD publications are limited
only to current data views, thus, making it impossible to track data changes over time [2].
Moreover, the technical expertise needed to exploit OD are not often available to
consumers [2]. Consequently, the issues mentioned above compromise semantic
capabilities and knowledge creation potential of OD resources, thus posing a need for a
transition to rich semantic formats.
To contextualise the problem scope, an investigation on semantic publication and
consumption needs specific to Botswana was conducted with Statistics Botswana.
Statistics Botswana collects and distributes national data via Statistics Botswana data
portal [5]. The specific data of interest in this research pertains to the development
agenda domain that constitute the Botswana Integrated Indicator Framework,
comprising [6], [7], [8], [9], [10]:

1) Vision 2036 Agenda or 2036 Agenda, the national agenda, referred to in this

dissertation as Vision Agenda,
2) National Development Plan (NDP) 11 or 2023 Agenda, the national agenda,

referred to in this dissertation as NDP Agenda,

4 Publication in the context of this research refers to data uploaded to a web portal, mostly, in flat text formats.
5 Application Programming Interface is a software that enables communication between two applications.
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3) Africa Agenda 2063 or 2063 Agenda, the continental agenda, referred to in this
dissertation as Africa Agenda, and
4) 2030 Sustainable Development Goals (SDGs) Agenda or 2030 Agenda, the global
agenda, referred to in this dissertation as SDG Agenda.

Firstly, semantic publication needs specific to Botswana development agenda domain
pertain to the OD program, the OD presentation and the OD representation (ontology)
needs. In the context of this research, the OD program needs pertain to the national OD
program implementation goals. The OD presentation needs pertain to future publication
needs drawn from the limitations of the current Web presentation structure and format.
The OD representation needs pertain to semantic modelling needs for OD drawn from
source data (flat text OD publications) and corresponding metadata (data about data).
The future publication need for Statistics Botswana [5] is to avail performance data on
the four development agendas specified above for free public access, use and reuse.
Performance data for the development agendas is expressed in performance indicators -
statistical tools that measure, structure and express performance [11], [12]. This
research refers to performance indicators in the domain of development agendas as
National Performance Indicators (NPIs).
Of these four agendas, only SDG Agenda has data published as OD and Botswana'’s
aspiration is to implement the consolidated indicator framework for the sharing of SDG
Agenda data with the other three development agendas [13]. However, OD for SDG
Agenda is published in diverse file formats such as Hypertext Mark-up Language®
(HTML), image, tabular/graph, spreadsheet, Extensible Markup Language (XML) and as
API links. Furthermore, performance indicators are expressed in aggregate form and the
relating metadata is availed in Adobe Acrobat Reader (PDF) format. Moreover, the data
is presented separately for each performance indicator [5]. The diverse presentation and
content structures limit OD accessibility, understandability, interoperability,
integrability and intelligibility capabilities. That is, the ‘as-is’ publication of OD is in a form
that does not yield valuable use, which in turn renders the OD value (knowledge) creation
and use potential less effective. The current semantic limitations also compromise the

establishment of the consolidated indicator framework. Thus, semantic models for

& Hypertext Mark-up Language stands for, a set of markup symbols or codes inserted into a file for Internet display.
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enhancement of knowledge creation and usability capabilities are needed to facilitate
effective OD value creation, usage and sharing across the development agenda domain.

Secondly, the semantic publication needs described above are to address Botswana’s
semantic consumption need expressed by sustainable economic development pillar of the
Vision Agenda (Pillar 1). This need pertains to OD support for the implementation of the
future vision of Botswana’s social and economic development driven by knowledge.
Botswana’s OD program goals articulates that OD can be leveraged to this effect [14].
Botswana’s main need is to transition from the current dependence on natural resources
to a knowledge-driven society founded on a knowledge-driven economy for the
attainment of sustainable development and prosperity for all by 2036 [6]. OD is one of
the resources that lay dormant, yet with unlimited value that appreciates with use,
yielding increasing returns with increased use, unlike natural resources that depreciates
in value and yields decreasing returns with extensive use [15]. So, by nature, raw flat text
OD resources are an embodiment of unlimited economic potential which can be
unleashed through semantic solutions that build semantic capabilities to revolutionise

the creation, extraction, distribution and consumption of OD value.

Overall, semantic publication and consumption needs constitute the semantic value
creation needs. On the one hand, semantic publication needs pertain to the OD program
need, the need for rich semantic formats for OD publications; the OD presentation need,
the need for unified publications; and the OD representation (ontology) need, the need
for the implementation of a consolidated indicator framework for development agendas.
On the other hand, the semantic consumption need pertain to OD support for Botswana’s
national agenda, the need for knowledge resources to drive the knowledge economy and
society. Therefore, for the semantic publication needs, semantic solutions are needed to
support the implementation of standardised and unified publication structure and
format, as well as, the implementation of the consolidated indicator framework for the
four development agendas. For the semantic consumption needs, semantic solutions
must support the creation of knowledge resources for the implementation of the
economic aspiration of a transformation into a knowledge society founded on a
knowledge-driven economy and the creation of rich semantic formats for reusability of

the current OD publications. All in all, these needs serve as the basis for the development
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of semantic solutions to drive a shift from the current flat text publication and
consumption to semantic publication and consumption of OD.
To enable semantic consumption, this research proposes a shift toward semantic
publication centred on the enrichment of raw OD with semantic structure, capabilities
and context for increased OD value (knowledge) creation and use potential. That kind of
a shift necessitates the development of semantic value creation models to drive the
transition from raw OD publication and consumption to semantic publication and
consumption, leading to the overarching research question that points to the main
research deliverable, the main research question that this research addresses, was
formulated as:
What semantic enrichment framework could best support the implementation of
semantic publication and consumption of OD with potential for OD value
(knowledge) creation maximisation?
Actions on the main research question sparked an inquest for semantic value creation
implementation objective to guide research activities. To answer the main research
question, the general objective of this research was:
To develop the semantic enrichment framework that could best support the
implementation of semantic publication and consumption of OD with potential OD
value (knowledge) creation maximisation.
This objective, in turn, sparked an inquest for architectural and functional design
elements for semantic value creation maximisation. In response, this research proposes
a three-stage flat text transformation process for semantic value creation with in-built
functional capability design for semantic value creation maximisation and assessment as
well, the ODSE framework. Chapters One-Eight discuss the motivation, objectives,
methodology, and outline a step-by-step account of the conceptualisation, design,
development, demonstration, evaluation and finalisation of the ODSE framework. The

final ODSE framework is overviewed in Section 1.6 and fully presented in Chapter Nine.
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1.2 Research Background
The research background starts with a contextual clarification of core research concepts.
Firstly, OD value is synonymous to semantic value and both denote the value of data,
demonstrated or determined by the knowledge extracted from it. Knowledge refers to
actionable insights or as defined by Stehr [16], the capacity to act. In this regard,
OD/semantic value is synonymous to knowledge. Therefore, OD/semantic value creation
is synonymous to knowledge creation, the enhancement of structure and meaning to
improve semantic capabilities. The OD/semantic value creation process is synonymous to
semantic enrichment process. The end product of OD/semantic value creation process or
semantic enrichment process is identified as, knowledge resource — semantically enriched
OD resource. The OD/semantic value mining (harvesting or extraction) is synonymous to
knowledge mining (harvesting or extraction) for structure and meaning value-added to
flat text resources. Lastly, OD/semantic value use is synonymous to knowledge use. So,
these concepts are used interchangeably in this dissertation.
Prior to the development of the ODSE Framework, numerous semantic enrichment
frameworks were reviewed for architectural and functional design elements, with
potential for semantic value creation maximisation and were discovered to be similar in
the following ways:
1) They comprise the semantic enrichment input, processing, and output
components - the semantic value creation processing scope,
2) The semantic enrichment process has an ontology component and adopts the LOD
standard, and
3) The semantic enrichment objective is either focused on semantic annotation to
improve semantic meaning or on semantic representation to improve semantic
structure or on both, with limited or without any consideration for the assessment
of the resulting semantic value.
The third aspect represents the research gap that this study addresses. Specifically,
reviewed frameworks were found to be limited in answering the main research question
pertaining to the development of the semantic enrichment framework with maximal OD
value creation potential. Determining the effectiveness of the framework in semantic
value creation involves the assessment of semantic enrichment input, processing and

output for the entire framework to assess the degree of achievement of the framework

1



intent, of which in this research pertain to the degree of semantic capabilities value-
added to flat text OD resources (resulting semantic value). Therefore, though framework
evaluation is of great essence in this research case, reviewed frameworks either partially
includes or completely excludes the semantic value assessment. Below is a detailed
discussion of reviewed semantic enrichment frameworks.

The first identified research gap concerns framework designs with either partial or
complete exclusion of framework evaluation, thus, making it difficult to assess how the
processing output fulfils the purpose of the framework. One of the reviewed frameworks
in this category is the Fuzzy-Ontology-Enrichment-based Framework for Semantic Search
proposed by Baazaoui-Zghal and Ghezala [17] which integrates the domain ontology
enrichment and the fuzzy ontology building in the information retrieval process. The
framework comprises three components, pertaining to OD input, processing and output
being: 1) the fuzzy information retrieval component; 2) an incremental ontology
enrichment component; and 3) an ontology repository component. The focus of this
framework is on semantic representation, specifically, the semantic enrichment of data
structure to support search operations. However, the authors do not specify the
mechanism for assessment of the impact of components’ combination on the final output,
as well as, assessment of the degree of framework effectiveness.

The other framework without specification of framework evaluation is the Baquara?
Knowledge-based Framework for Semantic Enrichment and Analysis of Movement Data by
Fileto et al. [18]. This framework addresses the lack of formal semantics for trajectories
(movement) data. The framework comprises ontology constructs for the description of
movement segments and annotation of movement data with corresponding objects and
concepts described in ontology collections. The framework produces semantically
enriched movement data compliant with an ontology that enables movement analysis
queries on the basis of application and domain knowledge. The framework components
comprise: 1) the data structures and abstractions component; 2) the BaquaraZ ontology
component; and 3) the semantic enrichment and analysis of movement data. The focus of
this framework is on semantic annotation, enriches the meaning of data. However,

framework evaluation is partially described. The paper mentions that framework
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evaluations were query-based, but, specifications of analysed semantic attributes,
functionalities and additional metadata are not made explicit.

There is the Framework for Ontology Enriched Semantic Annotation of CCTV Video by
Vrusias et al. [19]. This framework links textual and visual semantics for video sequence
annotations to enable the semantic transcoding’ of Closed Circuit Television video
footages. The video annotation component entails the segmentation of video sequences
into moving objects, described by trajectories and blobs. Thereafter, machine learning
techniques are used to mine the visual semantics (i.e., actors, events and locations) which
are thereafter annotated with Closed Circuit Television ontology constructs and finally,
summaries of video shots are produced in text format [19]. The focus of the framework
is also on semantic annotation, however, it does not factor in the framework evaluation,
meaning, there is no assessment of the semantic enrichment input, processing and output
functions to determine the degree of the framework effectiveness.

The other framework with a complete exclusion of framework evaluation is the Semantic
Enrichment and Fusion of Multi-Intelligence Data by Hull et al. [20] to facilitate easy
identification of meaningful and situation-specific information. This is an automised
processing for the generation of semantic tags to improve the net-centric system’s
discovery services by enriching sensor data and intelligence reports. This framework
pertains to semantic enrichment of data extracts from criminal reports with the military
ontology metadata tags for identification of vehicle theft events. This process is
performed in three steps as follows. Step 1 involves the identification and parsing of the
various fields of data streams. The process begins with the transformation of raw source
data which can be textual or binary and structured, semi-structured or unstructured, into
XML format. This step identifies the major structural features of the source data,
including header, body and footer features [20]. Step 2 involves the extraction of concepts
and relationships found in those fields and the generation of the appropriate XML tags.
Each structural feature is scanned so that domain features can be identified and
annotated. This step produces XML annotations for salient features identified in the

source data. No annotations are produced if the data stream does not describe a related

" Transcoding is the process of indexing video shots with the appropriate semantic labels to enable easy access to video
shots that are relevant given a specific semantic search.
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concept or relationship [20]. Step 3 involves the translation of XML tags into OWL
representations. This step maps feature extracts to concepts and relationships defined in
target ontologies. For instance, in an application that describes the identification of
vehicle theft events in messages (incident reports), the XML representation for a vehicle
theft event is a <VEHICLE-THEFT> element. In the target ontology, this concept could be
mapped to: a subclass of ACTION-EVENT called Looting or a subclass of ACTION-EVENT
called Robbery. If it is clear that the theft was directly from a person rather than an
organisation because of the use of the verb carjack or hijack or if the car was stolen
directly from a person, the Robbery subclass may be mapped to group or location. All other
instances map to the Looting concept [20].

Overall, Step 1 deals with the transformation of input data, thus, fits into semantic
enrichment pre-processing while both Steps 2 and 3 describe the semantic enrichment
process. It is clear that the focus of the processing is on data disambiguation. Above that,
the focus of the framework is clearly on semantic representation, but framework
evaluation is excluded. Therefore, it is unknown what specific semantic attributes,
functionalities and additional metadata are expected to be on the data as a result of the
semantic enrichment and there is no mechanism to assess the extent to which those
semantic attributes, functionalities and additional metadata contribute to the
identification of vehicle theft events.

Also, in the category of frameworks with a complete exclusion of semantic enrichment
impact assessment is An Ontology-based Framework to Support Performance Monitoring
in Public Transport Systems proposed by Storti et al. [21]. This framework is founded on
the ontology of performance indicators and their formulas, business objectives,
dimension analysis and the Transmodel® relations. The other component is a reasoning
framework which enables logic capabilities for collaborative designer interactions. This
framework is focused on semantic annotation and representation, but, it is difficult to
assess its effectiveness without framework evaluation mechanism.

The second research gap regards the lack of semantic enrichment frameworks that
address the enhancement of semantic capabilities for OD value (knowledge) creation

potential maximisation. Though, there are few frameworks that make mention of the

8 Transmodel is public transport information systems for the European reference data model.
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capabilities to be created, the semantic enrichment processes do not explicitly reflect on
how those capabilities are to be realised. One such is the Framework for Semantic
Enrichment of Sensor Data by Moraru and Mladeni¢ [22]. The purpose of this framework
is the automisation of semantic enrichment of sensor descriptions and measurements.
The framework provides meaningful data to improve the usability and accessibility of
sensor data and measurements and comprises: 1) the sensor descriptions and
measurements component which involves analysis of the sensor descriptions and
measurements to identify associated semantic concepts. The sensor descriptions contain
the metadata defining the sensor characteristics while the sensor measurements contain
numerical values quantifying the changes of sensor properties; 2) the ontology
component involves selection of the most appropriate ontologies out of the existing
ontologies, that which describe sensor characteristics and provide context for sensor
measurements. This also pertains to the extension of the selected ontologies with
concepts specific to the application domain; 3) the enrichment component comprises of
descriptions enrichment, and measurements pre-process and enrichment. The sensor
descriptions are enriched with semantic concepts and the sensor measurements are
processed to generate new features enriched with semantic concepts; 4) the semantic
repository of sensor data component deals with the storage of the enriched sensor
descriptions and measurements; and 5) the data consumer component deals with the data
consumption modes such as query end-points, semantic browsers and inference engines.
In addition to automising semantic enrichment process, the framework aims to provide
meaningful data and to increase the effectiveness of sensor networks by enhancing the
usability and accessibility of sensor data [22]. The framework is focused on achieving
both semantic annotation and representation; however, assessment of enhanced features
is not explicitly factored into the framework and this creates a void in understanding the
degree of understandability, usability and accessibility effected through semantic
enrichment.

Overall, semantic enrichment frameworks facilitate the creation of semantic value
through structural and contextual semantic enhancements to raw OD resources.
Determining the effectiveness of semantic value creation frameworks involve the

evaluation of the entire input, processing and output framework functions for its
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effectiveness. This is qualitatively measured by the resource’s demonstration of the
degree of semantic attributes, functionalities and additional metadata value-added to raw
OD (resulting semantic value) through the semantic value creation processing. However,
as semantic enrichment frameworks with consideration for semantic value assessment
are lacking, the main research question remains partly addressed and answered. The
answer fully addresses the semantic value creation process but is silent on the
architectural and functional design elements for semantic value creation maximisation.
This justified the need for frameworks that facilitate the assessment of created semantic
value in addition to facilitating the creation of semantic value. This is the research gap

that the ODSE Framework addressed.

1.3 Research Problem Statement

There is mounting global pressure for governments to open performance data for
national, regional, continental and global development agendas on the Web of Data. For
this data to yield value to consumers, its attributes, functionalities and additional
metadata must be semantically enriched. The focus of semantic enrichment frameworks
reviewed so far are on the creation of semantic value, with either partial consideration or
complete lack of consideration for the assessment of resulting semantic value. This makes
it difficult to assess both the semantic value-adding and value-added potential resulting
from the semantic value creation framework, thus, resulting in a knowledge gap for OD
publishers and consumers aspiring to maximise on the potential value of OD. Therefore,
the problem that this research addresses is lack of semantic enrichment frameworks that
enrich semantic capabilities with a focus on the maximisation of OD value (knowledge)

creation potential.
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1.4 Research Questions

To address the research problem at hand, the main research question stated in Section

1.1, was broken down into five sub-questions that point to the implementation of the

main research deliverable, formulated as follows:

RQ1: What are the semantic publication and consumption needs for the
preliminary semantic enrichment framework design?

RQ2: What preliminary semantic enrichment framework is derived from the
combination of potential semantic enrichment processes, approaches,
capabilities, techniques, technologies and their relations?

RQ3: What are the findings of the preliminary semantic enrichment framework
demonstrations?

RQ4: What is the completeness, cohesiveness and effectiveness of the preliminary
semantic enrichment framework?

RQ5: What is the reusability potential of the semantic enrichment framework
finalised on the basis of the preliminary framework demonstration and evaluation

findings?

1.5 Research Objectives

The five research questions above were answered through five specific research

objectives, formulated as follows:

RO1: To identify the semantic publication and consumption needs for the
preliminary semantic enrichment framework design,

RO2: To design and develop the preliminary framework,

RO3: To demonstrate the preliminary framework,

RO4: To evaluate the preliminary semantic enrichment framework completeness,
cohesiveness and effectiveness, and

RO5: To finalise the preliminary semantic enrichment framework for reusability.
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1.6 Research Contribution

The main contribution of this research is a conceptual design artifact, the Ontology-
Driven Semantic Enrichment Framework (ODSE Framework) which embodies the
semantic value creation solution with design features for semantic value creation
maximisation and evaluation. The ODSE Framework models the data transformation
process for a transition from flat text OD publication and consumption to semantic
publication and consumption, with a focus on maximising the value published and
extracted for use and reuse. Specifically, it models the conversion of flat text resources
published in formats with limited semantic capabilities such as pdf, HTML, spreadsheet,
and image formats into knowledge resources with semantically enhanced capabilities
(rich semantic formats) to facilitate semantic publication and consumption. The focus of
the ODSE Framework is on the maximisation of knowledge creation with potential for
cascading impact on knowledge mining. The ODSE Framework has eight components
distributed across three processing stages pertaining to semantic enrichment input pre-
processing, semantic enrichment processing and the resulting output processing.
Following is a detailed overview of the ODSE Framework.

The ODSE pre-processing stage (Stage 1) outlines the pre-processing input,
implementation and output processing and comprises three components. The first
component (Component 1.0) is the pre-processing input component which involves the
gathering of semantic enrichment input (source data and metadata resources). This
pertains to the collection of OD publication resources in its raw form (flat text OD
resources) for the development agendas, as well as, the collection of OD publication and
consumption specification resources pertaining to the development agendas and the OD
programs. The second component (Component 2.0) is the pre-processing implementation
component which deals with the processing of raw OD resources in regard to OD analysis,
cleaning, transformation and integration. This component also involves the identification
of semantic value creation needs in terms of semantic publication needs (OD program,
presentation and representation needs) and the consumption needs (OD development
agendas support needs). The last component of Stage 1 (Component 3.0) is the pre-
processing output component comprising the processed raw OD resources and the

identified semantic publication and consumption needs.



The ODSE processing stage (Stage 2) outlines the selection of the appropriate ODSE
approach, the actual data enrichment processing and the description of semantic value
creation output (knowledge resources). The ODSE processing comprises three
components. The first component (Component 4.0) is the ODSE Approach component
(Ontology-Driven Semantic Enrichment Approach component) which is at the centre of
the semantic value creation and assessment processing. Specifically, the ODSE
Component 4.0 pertains to the choice and implementation of the applicable semantic
value creation approach for the semantic publication and consumption needs at hand.
This research proposes two ODSE approaches, the generic ODSE approach which makes
use of generic ontologies and the domain ODSE approach which makes use of custom
domain ontologies in the semantic value creation processing. So, the ODSE approach is
defined by the scope of ontologies (generic vs domain) chosen for the semantic value
creation processing. On the one hand, the term generic ontology, in this research context,
embraces both the top-level/upper/foundational /reference ontologies, as well as any
unrelated domain ontology. The process for choosing generic ontologies involves: 1)
Analysis of source data and metadata resources for ontology search literals; 2)
Identification of ontology enrichment requirements; 3) Search for potential ontologies;
and 4) Selection of suitable ontologies. On the other hand, the term domain ontology, in
the context of this research, identifies a custom domain ontology. The adapted
METHONTOLOGY approach for the development of custom domain ontologies entails: 1)
Specification of ontology goal, scope and intended purpose; 2) Analysis of data sources
for ontology concepts, attributes and relationships; 3) Ontology conceptualisation; 4)
Ontology formalisation; and 5) Ontology evaluation. The second component (Component
5.0) is the data enrichment component which pertains to Resource Reconciliation and
Resource RDFization. Resource Reconciliation entails ontology upload or the creation of
Web links to local server, followed by the process that replaces the local metadata values
with Web ontology values. The second data enrichment sub-process, Resource
RDFization, involves the creation of flat text resource links to Uniform Resource Locators
of ontology targets for semantic value creation and the generation of Resource
Description Framework (RDF) structured data, triples, in the form of Subject-Predicate-

Object. The last component of Stage 2 (Component 6.0) is the enrichment output
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component which provides a description of the semantic value creation output for both
the generic and domain knowledge resources.

The ODSE post-processing stage (Stage 3) outlines knowledge resources structuring for
ease of knowledge distribution and use, as well as, knowledge resources deployment for
publication and consumption. The ODSE post-processing comprises two components. The
first component (Component 7.0) is the knowledge resources structuring component
which pertains to the categorisation of knowledge resources by functionality support
needs for packaging (publication and consumption needs), followed by the creation of
knowledge resource packages through triples integration (publication and consumption
packages). The last component of Stage 3 (Component 8.0) is the knowledge resources
deployment component which pertains to the availing of knowledge resources for use.
Knowledge resources are first uploaded to knowledge mining environments such as
semantic publication libraries, query endpoints, semantic browsers, and inference
engines for use and that is followed by the execution of knowledge mining operations on
knowledge resources. A detailed discussion on the ODSE Framework is presented in

Chapter Nine.

1.7 Dissertation Structure

Firstly, Chapter One introduces the research and provides an outline of the research
background which is followed by the research problem statement, questions, and
objectives. Chapter Two presents literature review on OD value (knowledge) creation
and the potential of a combination of ontology, LOD and semantic enrichment in the
creation of OD value and the potential impact on knowledge extraction and use. Chapter
Three covers the semantic enrichment framework development methodology, and
research limitations and challenges. Chapter Four presents the semantic value creation
needs for the semantic enrichment framework which encompasses the semantic
publication and consumption needs. Chapter Five covers the design and development of
the preliminary semantic enrichment framework. Chapter Six presents the first
preliminary semantic enrichment framework demonstration pertaining to the choice of
the semantic value creation approach in relation to the selection of generic ontologies and

the development of the custom domain ontology. Chapter Seven presents the second
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preliminary semantic enrichment framework demonstration which pertains to the
implementation of the ODSE pre-processing, processing and post-processing stages.
Chapter Eight covers the preliminary semantic enrichment framework evaluation and
finalisation. Framework evaluation pertains to the assessment of the preliminary
semantic enrichment framework processes’ completeness, cohesiveness, and
effectiveness while the framework finalisation pertains to the generalisation of the final
conceptual design artifact for enhanced reusability potential. Chapter Nine presents the
final ODSE Framework, the reusable conceptual design artifact and the ODSE Framework
implementation support tools. Lastly, Chapter Ten closes with discussions on research

conclusions, recommendations, future works and publications.
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CHAPTER TWO: RESEARCH LITERATURE

2.1 Introduction

This research pertains to the development of the Ontology-Driven Semantic Enrichment
Framework (ODSE Framework) with potential to maximise OD value (knowledge)
creation and consequently knowledge extraction potential. So, the literature review
explores the OD concept from four angles: 1) OD as the future driver; 2) OD value
(knowledge); 3) knowledge reuse potential; and 4) knowledge creation challenges. That
is followed by the exploration of the potential of the combination of ontology, LOD and
semantic enrichment in the creation and use of knowledge. The purpose of the literature
review was to further explore the knowledge research gap that the study addresses and
to also explore semantic enrichment process modelling features from existing semantic
enrichment frameworks. It was also to identify applicable semantic enrichment

technologies for the design and development of the ODSE Framework.

2.2 Open Data

Data refers to any qualitative or quantitative statements or numbers that are (or assumed
to be) fact-based. Data may be classified as raw or primary data (i.e., direct from
measurement), or derivative of primary data as calculation output but not yet analysis or
interpretation output [23]. Data is open when it is publicly available for free use, reuse,
and redistribution [24]. Therefore, OD is a shared, public good/resource [25]. OD
excludes data subject to valid privacy, security or privilege limitations, as governed by

national statutes [25].

2.2.1 Open Data as the Future Driver

The global future lies in the creation of knowledge-based societies and economies that
are by nature founded on shared knowledge [26], [27]. Filipovi¢ et al. [28] argues that to
facilitate the establishment of knowledge societies and economies, the environment for
knowledge sharing has to be favorable and if the highest effectiveness is to be reached,
knowledge, as a global public good should be shared without limitations - Open
Knowledge. The Open Knowledge International [29] considers knowledge to be open if

all have access to the information they need to understand and shape the world around
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them. OD has high potential to be leveraged for this effect. OD creates open knowledge
bases of knowledge resources/goods of countries, thus, increasing the chances of
generating new knowledge by using the accumulated knowledge and then distributing
that knowledge to wider economic and social networks [30]. Therefore, at the heart of

open knowledge is OD [31].

2.2.2 Open Data Value (Knowledge)

Generally, data is a resource with little intrinsic value. Data value is created when data is
put to use and it infinitely increases with use [32], [15]. The distinguishing characteristic
of data is that while most resources depreciates in value and yield decreasing returns
with extensive use, data appreciates in value and yields increasing returns with increased
use [15]. This makes it one of the most valuable assets. However, it is almost impossible
to value [15]. That is why Moody & Walsh [15] refers to data as a valuable but unvalued
asset. The European Commission [3] has reported that most of the EU28+ countries have
difficulty assessing the impact of OD, with some effects visible while in overall an
estimation of the impact of OD remains a challenge. Due to the difficulty or impossibility
of quantifying data value through formal methodologies, OD or semantic value is

qualitatively derived from use impact.

2.2.3 Open Data Value (Knowledge) Reuse Potential

The high value of OD is attributed to its quality of being infinitely sharable, thus,
culminating in high potential for reuse [25]. Reuse of OD as a public resource has the
potential to increase economic and social value. The economic value of OD pertains to
the value added to the public realm through the generation of economic activity while the
social value of OD pertains to value added to the public realm by contributing to social
cohesion and well-being [33]. Both the social and economic value of OD is the key driver

in knowledge-based economies and societies.

Knowledge-Based Economies

A knowledge-based economy is an economy in which knowledge plays an important role
as the main engine for economic growth [30]. Stehr [16] defines knowledge as an
effectual vehicle for economic value creation [28]. The Knowledge Economy Index 2015

and the Global Innovation Index 2018 reveal that high income countries are knowledge-
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based economies [34, 35]. According to the Organization for Economic Cooperation and
Development, knowledge-based economies are directly based on the production,
distribution and use of knowledge and information [36]. Moreover, the key driver of
knowledge-driven economic transformation is knowledge that is made available to all,
thus, culminating into a state of open knowledge. Therefore, as data is one of the sources
of knowledge, OD plays a key role in driving the shift towards knowledge-based
economies so as to drive innovation, growth and employment [37], [38]. In-fact, OD
environments support the creation of knowledge networks that are the source of
innovation [39]. A knowledge-based economy, an economy based on the sharing and
diffusion of knowledge, provides an opportunity for governments to increase the well-
being of their people [28]. It is also a panacea for sustainable development as it propels
economic growth and the sustainability of that growth as well [40]. Therefore, the ability
to transform OD into knowledge, and knowledge into activity and innovation, enables
economic prosperity, inclusiveness and sustainability [26].

The economic value of OD generated through innovation involves the creation of new
products, services and models of service delivery, or engagements with citizens;
economic growth; and transparency [41]. The European Commission estimates the
economic value of opening-up and reusing government data to €40 billion annually [42].
Also, OD provides opportunities to develop business models and technology platforms
for innovation brokering services that connect ideas, solutions, technologies, structured
knowledge repositories and networking along the value chain to address innovation

needs [39].

Knowledge-based Societies

The OD impact goes beyond economic transformation. It plays a big role in the attainment
of a knowledge society. In the process of transforming the economy, the entire society is
transformed as well into a knowledge society. According to Stehr [16], the development
of a knowledge society is a gradual process that is shaped by the way that new
technologies, data, needs, and imaginations interact and are configured to produce new
possibilities and innovations. Therefore, the way in which the OD movement is mobilising
for data openness is a key feature of the emergence of a knowledge society [43]. Wessels

et al. [43] further argues that key in the OD movement mobilising a knowledge society is
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the strong conviction of the value of OD utilisation within the wider society, the attention
to the institutional aspects of making data open in an inclusive way, and a focus on the
technological infrastructure.

Knowledge societies thrive on shared knowledge and this necessitates an open approach
to knowledge [26]. That is, a knowledge society is one where knowledge is open to all. Its
central value is openness, which means that data, information and knowledge are seen as
a shared societal asset. Therefore, a knowledge society is one organised through digital
networks in which knowledge serves as the basis for production, innovation and
consumption [43]. This enables free use of data by all to engage and participate in
economic, social, political and cultural projects. Thus, a knowledge society is one in which
everyone can create, access, utilise, share and disseminate information and knowledge,
so that individuals, communities, and peoples are empowered to improve their quality of
life and to achieve their full potential [44]. The major characteristic of a knowledge
society is the free flow of knowledge, and with the continuous free flow of information
and knowledge, society is able to dynamically adapt to constant changes in the economic

environment [45].

2.2.4 Open Data Value (Knowledge) Challenges

The OD/semantic value challenge is of great significance in the Information Systems
research discipline as, currently, there is mounting global pressure for governments to
open performance data for development agendas on the Web of Data, as stated in the
introductory section. The big challenge is that, OD is not by default open knowledge [46].
The Asia Foundation states that OD, in most cases, is not in formats that developers can
use to create applications [47]. That is, when released in diverse flat text formats, OD is
not availed to the public in any meaningful form and therefore unusable. Consequently, if
data is not used, it cannot yield economic benefits and it becomes a liability as no value is
extracted from it [15]. That is, publishing datasets to a national portal as a public resource
does not necessarily mean that OD is being used. Thus, simply declaring datasets to be
open does not necessarily culminate in practical and valuable use [3], [48]. Most OD
publications are difficult to use and reuse due to standards, semantics, platforms, formats,
definitions and schema heterogeneities that result in difficulties pertaining to OD access,

interoperability, and metadata aggregation [3], [42], [49]. Specifically, the barriers to the
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publication and use of OD pertain to: availability and access, find-ability, usability,
understandability, quality, linking and combining data, comparability and compatibility
[41]. Most of these barriers compromise OD use and reuse, thus, limiting the capability to
derive value from the data.

The realisation of OD benefits depends on the: 1) organisation of data for ease of location
(accessibility); 2) comprehensiveness of data for analysis (intelligibility); 3) ease of
assessment of data reliability and data producer competency; and 4) data format to
support diverse use and reuse purposes (usability) [23]. Furthermore, augmentation of
OD with proper background information and explanatory metadata is required to
produce open knowledge. To produce open knowledge, OD has to be semantically
structured and linked to support data integration, interoperability and reuse [46].
Specifically, it has to undergo transformation in which the datasets are cleansed and then
converted to machine-readable formats. That is when they can be exposed to the public
in ways and formats that enable software developers to easily integrate into applications
[50]. That is, open knowledge is what OD becomes when it is useful, usable and put to use
[29]. This, therefore, necessitates the creation of OD value in terms of semantic attributes,
functionalities and additional metadata to facilitate easy and effective use and reuse of
the data. In short, for flat text OD resources to yield value to consumers, it must be
semantically enriched.

The semantic enrichment of data introduces the second challenge, the semantic valuation
challenge. Currently, there is lack of semantic assessment tools to inform semantic
enrichment decision making. Also, though semantic enrichment creates semantic value
(knowledge), there is lack of mechanism for semantic valuation. This makes it difficult to
determine the semantic value-adding potential of the semantic enrichment process, as
well as, the semantic value-added potential resulting from the semantic value creation
implementation. This has resulted in a knowledge gap for OD publishers and consumers

with a focus on knowledge creation and use.
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2.3 Ontology Potential for Open Data Value (Knowledge) Creation
The focus of this research is on web ontologies that play a central role in the semantic
web. This section starts with a description of the ontology concept, followed by

discussions on the web ontology.

2.3.1 Ontology

An ontology is a conceptual representation/model of an observed phenomenon or reality
through formalised, explicit description of concepts and their corresponding attributes
and relations for a given domain [51], [52]. Ontologies include class hierarchies,
relationships between classes and instances, class attribute definitions and axioms that
specify constraints [53]. Ontologies have advantages regarding the expressiveness and
relationship definition and offers flexible modelling and automated reasoning
capabilities [11]. Ontologies are best suited for defining a common vocabulary to facilitate
knowledge sharing in a given domain across heterogeneous systems or environments
[12]. That is, ontologies define a way to exchange semantic information between people
and systems [54].

Ontologies can also be classified according to their scope. Top-level ontologies, also known
as upper or foundational ontologies, describe domain or problem independent concepts
(e.g., space, time, object, etc.). The second category, domain ontologies, or domain-specific
ontologies represent the particular meanings of terms as they apply to a specific domain.
That is, they describe entities and other information related to a given domain (e.g.,
education, health, finance, etc.) [55], [56]. The third category, application ontologies,
describes ontologies developed for specific use or application focus and pertains to

multiple domain modelling [57].

2.3.2 Web Ontologies

Web ontologies are frameworks encompassing both the terminological and assertional
knowledge. They are specified in standard web ontology languages (RDF and OWL) and
published on the Web for use and extension in open environments [58]. Web ontologies
are the core frameworks of the semantic web that enable intelligent agents to access and
link data in a more intelligent way [59]. Web ontologies can be in the form of visual or

coded representations of the domain of discourse, or both.



The visual or conceptual representation of a knowledge domain constitutes lightweight
ontologies [60]. Lightweight ontologies are mostly in taxonomy form as directed graphs
comprising nodes and edges. Concepts are represented by the nodes and relations among
concepts are represented as edges. Taxonomy reflects inheritance or subsumption
relationships (i.e, is-a, is-a-superclass-of, is-a-subtype-of, and is-a-
subclass-of). The other graph structure provides additional domain details and may
use relations such as is-parent-of, part-of, and located-in [61]. Taxonomies are
minimally defined and less formal, thus limiting their understanding, sharing, use, and
impact to only humans. The coded or formal representation of a knowledge domain
constitutes heavyweight ontologies that maximise on language expressivity (range of
constructs for explicit representation); semantics (clarity of meaning in a language
specification); and mathematical rigour (integrity and soundness provided by a
language) by combining both visual and coded representations [60]. Figure 2.1 illustrates

the difference between lightweight and heavyweight ontologies in terms of their levels of

expressiveness.
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Figure 2. 1: Ontology Expressiveness Spectrum in [62] adapted from McGuinness (2003)

Unlike lightweight knowledge models, heavyweight models express relationships and

enable users to interlink concepts in diverse ways [63].
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In general, ontologies have high potentials in enhancing semantic capabilities of OD to
improve the quality or value of resulting knowledge resources. Ontologies offer
numerous benefits. They constitute a repository of interlinked concepts that represent
concrete and abstract real-world objects for a given application domain, thus enabling
the creation of knowledge bases [51], [64], [65]. With an ontology, organisational
knowledge is encapsulated to build a set of knowledge bases that embeds details
pertaining to rules, policies, processes, definitions and relationships [65]. In addition,
they offer flexible modelling capabilities by simplifying the drawing of frameworks,
patterns, and computer programs for process automation, thus, enhancing both the
explanation and understanding of simple and complicated processes [53], [11]. Above
that, they serve as references for communication, problem solving and knowledge-
sharing for both human and machine-based tasks [52], [64]. They are used to create
semantically rich data functionalities [53], [66]. Furthermore, storing data with respect
to an ontology enables reuse and maintenance of knowledge within and between
domains and disciplines [11], [52], [53]. Moreover, ontology, with its rich expressiveness,
supports automated reasoning through the use of inference rules [11], [67], [59].

The next section explores the application of ontologies in the description of performance
indicators with the aim of identifying the descriptions that best fit performance

indicators for the development agenda domain.

2.3.3 Performance Indicator Ontologies

Several existing ontology models were reviewed to identify candidate ontologies for use
or extension in this research. This review focused on performance indicator ontologies in
the development agenda domain, specifically, the Sustainable Development Goals

Interface Ontology (SDGIO) and on other generic performance indicator ontologies.

Sustainable Development Goals Interface Ontology (SDGIO)

In the development agenda domain, the United Nations Environment Programme has
developed the Sustainable Development Goals Interface Ontology (SDGIO) to enable the
logical representation, definition and linkage of SDGs entities to relating terminology in
glossaries and other web resources [68]. Specifically, the SDGIO acts as a semantic bridge
between SDG concepts by providing clarification on the nature of and interlinkages

between 1) the SDGs, their targets, and indicators and 2) the large array of entities they
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refer to [69]. The SDGIO was developed for global use so as to ensure that the SDG
indicators are fully consistent across the SDGs [68]. The SDGIO clarifies the semantics
behind some of the key terms used in the SDG indicator definitions to provide a
comprehensive representation of the semantics of the SDG process [70].

Some of the key concepts integrated into the SDGIO are: access, adverse, adequate,
appropriate, basic, benefit, efficient, effective, hazard, informal, infrastructure,
integration, promote, resilience, resource, risk, sustainable, and vulnerability. The
modelling approach for these terms is as follows. The semantics used in the SDGIO are
defined with respect to a core set of universal terms. These core terms are generalised
for application to a variety of levels of granularity and specialised domains. Below, is an
illustration of the treatment of risk, hazard, vulnerability, and resilience in the SDGIO
[68]:

o All entities have a set of innate vulnerabilities, tied to their physical makeup.

e A vulnerability is the potential for an entity to undergo change, usually negative,
as a result of being exposed to a hazard.

e Ahazard, then, is an entity which can cause the realisation or manifestation of one
or more vulnerabilities in another entity.

e Riskis seen as the potential for an entity to realise or manifest a vulnerability as a
result of being exposed to one or more hazards.

e Using logical relationships, the SDGIO seeks to clarify entities considered
vulnerable to given set of hazards and deduce the risks they are exposed to.

e (Quantifications of entities such as risks can then be associated with the specific
forms of risk affecting entities vulnerable to particular hazards.

e Estimations of the chance of a particular risk manifesting, say, risk of flooding, can
be precisely represented then by distinguishing between the entities relevant to
the risk and information about them.

e From the semantics such as these, resilience can be approached as the capacity of
an entity to recover its previous composition, qualities, and functionality following

some process wherein one or more of that entity’s vulnerabilities were realised.

In addition to the above literature review on the SDGIO, an analysis of the SDGIO to

determine its suitability to the Botswana case study was carried out. The analysis was
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focused on constructs applicable to this research case study, pertaining to SDGIO
representation of SDGs and related targets and indicators. Below is the analysis.

As depicted in Figure 2.2, SDGIO imports multiple Open Biomedical Ontologies (OBO)
Foundry ontologies to help link data products to the SDGs. It imports classes from
numerous existing ontologies and create mappings to external vocabularies to promote

interoperability. New classes are created where no external classes exist [69].

Asgserted -

»- () BFO_0000020
\&L JBFO_0000031
v-- () 1AO_00D0030

5 @) IAO_0000009

v-- () 1A0_0000027
b () 1AO_0000100
b ) IAO_0000102
----- IAO_0000109

b SDGIO_00000003
----- SDGIO_00010044
B 00 SDGIO_00010051
----- SDGIO_00010057
B 00 SDGIO_00010059
----- SDGIO_00010060
----- SDGIC_00010061
B 00 SDGIO_00010062
----- SDGIO_00010064
----- SDGIO_00010065
----- SDGIO_00010066
¥-- 0 IAO_0000033

¥ {0 |1AO_0000005
k- () OBI_0000456

= OBI_0000684
= OBI_0000993
k- OBI_0200166
I Elﬁi i: HHHHHHHH

Figure 2. 2: SDGIO Class Hierarchy
Note: The term class identifies a concept and the term subclass identifies a sub-concept.
Class SDGIO 00000000 (Sustainable Development Goal): As depicted in Figure 2.2,

Sustainable Development Goal concept is a subclass of IA0 0000005 (objective

specification concept) which is a subclass of IA0 0000033 (directive information entity
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concept). The term directive information entity refers to an information content entity
whose concretisations indicate to their bearer how to realise them in a process [71]. This
hierarchical structure contextualises goal description as an objective specification of
some directive information entity. Also, as depicted in Figure 2.3, class SDGIO 00000000
holds values for SDGs descriptions. That is, this class has individual instances which are

the descriptions of SDG Agenda goals.

Annotations | Usage
CCEEL LR gl Annotations: SDGIO_00000035

b £ 1A0_0000027 Annctations
¥ 00 1AO_0000033
v 1AO_0000005 rdfs:label [language: en]
- OBI_D000456 end poverty in all its forms everywhere
OBI_0000684
OBI_0000993 hasExactSynonym
OBI_0200166 3DG1

g SDGIO_00000000
- @ 1A0_0000007 hasExactSynanym
o IAD_0000098 :
b ) 1A0_0000104 Sustainable Development Goal 1

p-- ) IAO_D000308
»— @ 1A0_0000310 hasDhxref

hitp:iwww.un.org/sustainahledevelopment/pove iyl

Direct instances: SDGIO_00000035

& [ Description: SDGIO_00000035 ElIME M X
For: @& SDGIO_00000000 Types
SDGIO_00000000

& sDGIO_00000036
& sDGIO_00000037
& SDGIO_00000038
& SDGIO_00000039
. SDGIO_00000040 Different Individuals
& sDGIO_00000041

& SDGIO_00000042

Same Individual As

Figure 2. 3: Class SDGIO_ 00000000 and Instances

As depicted in Figure 2.3, a sample SDGIO 00000000 instance being SDGIO 00000035
represents the description of SDG 1 which is, end poverty in all its forms everywhere. The
SDGIO has no data and object property assertions (shown in Figure 2.9). Instead, each
instance has the rdfs:label annotation and two more custom annotations being:
hasExactSynonym with values for both the SDG description code and name; and
hasDbxref with a reference to the UN SDGS data portal (ie,
http://www.un.org/sustainabledevelopment/poverty/). These metadata are reflected in

RDF format as shown in Figure 2.4.
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Figure 2, 4: RDF Representation of SDGIO_00000035

As reflected in Figures 2.3-2.4, the predicate hasExactSynonym relates the subject
SDGIO 00000035 (SDGIdescription) to two different objects being SDG1 (SDGI code) and
Sustainable Development Goal 1 (SDGI name). If this property is reused, it will create
duplicate values. To address this, a different property has to be defined to differentiate

between these two relations.

Class SDGIO_ 00000001 (target description): The target description conceptis defined
as a class with individual targets as shown in Figure 2.2. This structure means that class
SDGIO 00000001 holds values for SDGs target descriptions. For instance, the first
individual instance for class SDGIO 00000001, SDGIO 00000057 provides description
for target 1.1 as reflected in Figure 2.5. In addition, the individuals for this class do not
have data properties which are the foundation of knowledge base structure but have two
annotation properties: rdfs:label with the target description value; and
SDGIO 00000074 (target code - custom defined annotation property) with the target

code value of 1.1.

perl.unep. org/ sdg/SDGI0_ 082005 TrMrtp
el utep.ong/ 14 DLI0_DONOMS5 T«
vl unep . ong/ sdg/SOGIO_DO0ONS T <mt

/e 3 0/ 1999 /02 /20 - 1 aF Sy NTAX - STy PEI ML TP
S w3 Oop/1FH9/02/ 22 - raf -ayntax-naltypesd

1. unep. cep/s82/S0GI0_00000201>

3.0 g/ 2002/07 foul MlanedIndivideal >

[ 1voae w3 . 0rg/ 2000/01/raf - schematlabel > "8y 2030 eradicete extreme poverty for sl pecple everywhare currently messvresd
as people 1iving on less than $1.25 a day™
Aheep: [/ porl unep . ong/ sdg/SDGTO_00OEASTrAES: //purl  unep. crg/ sdg /SDGI0 OO0074>"1.1"

Figure 2. 5: RDF Representation of SDGIO_ 00000057

For this case study, target code (SDGIO class name) and description (SDGIO custom
annotation) are needed to serve as variables for the actual data values. Therefore, this
case study knowledge base structure is compatible to them (target code and description)

defined as data properties for SDG target class.

Class SDGIO_ 00000002 (Sustainable Development Indicator): As reflected in Figure

2.6, Sustainable Development Indicator concept is modelled as a subclass of superclass
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BFO 0000040 (material entity - an independent continuant that is spatially extended
whose identity is independent of that of other entities and can be maintained through
time) together with subclasses SDGIO 00010014 (medicine - a material entity that is
used in the process of preventing, treating, diagnosing, or studying disease or disorder);
SDGIO 00010024 (right bearer - an organism or organisation that is the bearer of a
right.); SDGIO 00010026 (unemployed - a person or population that is not employed, but
eligible for and currently seeking employment); SDGIO 00010028 (owner - a person or
organisation that participates in an ownership process wherein they realise their role as
owner by exercising their right to use, sell, rent, or gift an object); and SDGIO 00010030
(employed - a person or population that participates in employment processes during a

specified time interval). SDGIO 00000002 is represented as an empty class.
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Figure 2. 6: Class SDGIO 00000002
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For this case study knowledge base needs, Sustainable Development Indicator concept

(SDGIO 00000002) has to serve as the superclass for all SDGIs.

Class SDGIO_00000003 (Sustainable Development Goal Indicator Value): The
Sustainable Development Goal Indicator Value concept is a superclass for all indicator
classes. Each indicator is created as an empty class which is an independent subclass of

SDGIO 00000003 (SDGI value).

Class hierarchy: SDGIO_00000001 |1 =10ES] | Annotations | Usage
LA AEE) LR EVRAN Annotations: SDGIO_00000057
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Figure 2, 7: SDGIs superclass (SDGIO_00000001) and SDGIs superclass (SDGIO_00000003)

Figure 2.7 depicts SDGs Indicator superclass (SDGIO 00000001) together with its
instances and SDGs Indicator superclass (SDGIO 00000003) together with its subclasses.
The sDGIO 00020000 (Indicator 1.1.1 description) is defined as a class, specifically,
subclass of SDGIO 00000003. This design structure means that class SDGIO 00020000
holds values for instances of Indicator 1.1.1 descriptions. According to the RDF extract in
Figure 2.8, the description for Indicator 1.1.1 of SDG Agenda is attached to the
annotations as a value for the rdfs: label property and is not defined as an individual

member of this class. So, class SDGIO 00020000 is without individuals.
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Figure 2, 8: RDF Representation of SDGIO_ 00020000
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Moreover, as reflected in Figure 2.8, other custom annotation properties are defined for
this class being spGIo 00000242 (UN SDG Indicator ID) with a value of 1.1.1; and
SDGIO 00000227 (UNSD SDG Indicator Code) with a value of C010101.

Further analysis revealed that SDGIO has no data property definitions. Thus, its structure

does not support the holding of data values for class instances as evidenced in Figure 2.9.

< @ sdgio (http://purl unep.org/sdg/releases/2018-08-10/sdgio.owl)
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Figure 2. 9: SDGIO Empty Data Properties Window

Also, the defined object properties do not fit the Botswana case study application scenario

as depicted in Figure 2.10.
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Figure 2. 10: SDGIO Object Properties Window

In overall, the review revealed that SDGIO modelling of concepts is based on annotation
properties, backed up by the concepts’ modelling approach explained in the SDGIO
literature discussions preceding SDGIO analysis and Figures 2.9-2.10 of the SDGIO
analysis. That is, the SDGIO focus is strictly on providing the definitions of concepts and
semantic definitions based on a single-property type (annotation property type) and
offers clarity relating only to that property type. The research problem at hand prompts
for data and object property definitions, and axioms (definition of constraints)
representing various reasoning capabilities for holistic definition and representation of
the relationships and mappings across performance indicators within the Botswana
Integrated Indicator Framework context. Furthermore, as an interface ontology with a
focus on annotation modelling, the contextualisation of SDGIO concepts differ from the
knowledge base contextualisation needs for this research in several ways:

e SDGIO contextualises SD target (SDGIO 00000001 - Figure 2.3) and SD goal

descriptions (SDGIO 00000000 - Figures 2.2-2.3 ) as classes while the
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contextualisation needs for this research prompts that they be defined as data
properties for instances of SD target and SD goal classes,

e SDGIO contextualises descriptions of instances for SDGI entities as class entities
(SDGIO 00000003 modelling - Figures 2.7-2.8) while the contextualisation needs
for this research prompts that they be defined as data properties for instances of
SDGI class, and

e SDGIO contextualises codes for SDGI, SDG target and SDG as annotation properties
while the contextualisation needs for this research prompts that they be defined
as data properties.

These contextual differences limit the reusability of SDGIO resources to the definitions of
concepts, yet the knowledge base model has to be built on the attributes, relations,
constraints, and actions on these concepts — data and object properties, and axioms.
Moreover, some annotation properties are associated with more than one object. For
instance, hasExactSynonym is related to the same object with different values being
SDG1 (SDG code) and Sustainable Development Goal 1 (SDG name). If this property is
reused, it creates duplicate values when queried. To address this, a different property has
to be defined to differentiate between these two objects.

The differences discussed above pose a need for domain specific ontology definitions that
address the needs of the Botswana Integrated Indicator Framework. However, the
ontology must be modelled to enable some linkages to SDGIO annotation properties for
reuse of globally standardised meaning of concepts and to facilitate global

interoperability in the Web of Data as well.

Generic Performance Indicator Ontologies

The review of other performance indicator ontologies, ontologies not specifically related
to the development agenda domain, revealed that their focus is mostly on formal
description of performance indicator definitions in terms of mathematical structures.
One of this kind is KPIOnto, a logical representation of Key Performance Indicators
proposed by Diamantini et al. [24]. KPIOnto integrates engineers’ proposed definitions in
a collaborative environment. At the core of KPIOnto is Indicator concept representing
performance measures. Its attributes are indicator identifier, acronym, name, definition,

unit of measurement, formula, aggregation function, business object, and dimension. The
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Key Performance Indicator aggregative structure is represented by the dimension
concept which is made up of sub-concepts, namely, organisation and Time. The third
KPIOnto main concept is formula which represents Key Performance Indicator
computations pertaining to the aggregation function, the way the formula is presented,
the semantics of the formula, and references to its components [72]. One advantage of
KPIOnto is that it provides an in-depth modelling of the Key Performance Indicator
structure. It also enables the formal representation and manipulation of the formula
structure in a collaborative environment. This further enhances the formal
representation capabilities. The limitation of this model is that it is focused on the
indicator concept. For a holistic representation of the indicator concept, it has to be
presented in relation to other key performance constructs (i.e., goals, targets, etc.) in
addition to the dimension and formula constructs.

This research reviewed a generic performance indicator ontology titled, Defining
Manufacturing Performance Indicators Using Semantic Ontology Representation proposed
by Chryssolouris, Pintzos and Matsas [11]. The core concept of the Manufacturing PPIs
ontology is PPIs which is presented in relation to sub-concepts PPI Generic
Attributes, PPI Specific Attributesand PPI Formula. The strength of this model
is in its in-depth representation of the indicator concept in relation to its attributes.
However, there is a need to represent the indicator concept in relation to other
performance constructs for clarity in relations and operations, and interoperability
within and across production performance entities.

The other generic performance indicator ontology reviewed is the Ontology for
Performance Measurement Indicators’ Comparison by Freitas et al. [73]. It addresses the
challenges of indicator imprecision and vagueness. Their model is aimed at facilitating
effective performance indicator comparisons. According to these researchers, complete
knowledge about the origins of the data involved in the calculation of performance
indicator value serves as the basis for more precise indicator comparison. This in turn
improves the understanding of its meaning and helps in making decisions on the selection
of suitable performance indicators for comparison and decision support tasks. They
further argue that better understanding and comparison of indicators requires

knowledge on performance indicator value calculations pertaining to entity relations and
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performance indicator variables comprising description, value, relevance (weight),
assessment criteria, formula and other performance indicator value attributes, time
relations, and relations to other performance indicators [73]. These extended
descriptions offer precise performance indicator understanding and facilitate effective
performance indicator comparisons and decision support actions. However, the model
partly addresses performance indicator disambiguation only.

The research also reviewed the Process Performance Indicators (PPIs) ontology named,
PPINOT Ontology. Process Performance Indicators (PPIs) are a key asset for the
measurement of the achievement of strategic and operational goals in process-oriented
organisations. PPINOT addresses the challenge of PPIs definitions which pertains to
either their informal definition in natural language or too formal definitions that render
them difficult to understand. PPINOT provides the definition of PPIs in a way that is easy
to learn; reuse; unambiguous and understandable. It further enables automated analysis
and knowledge inferences regarding relationships between PPI definitions and other

process elements [74].

Overall, the reviewed ontologies have research gaps pertaining to indicator modelling.
This research addresses the semantic representation challenges pertaining to
performance indicators’ ambiguities and diverse definitions, performance indicators
high levels of aggregation, performance indicators disparate publications, and
performance indicators unidimensional presentation formats. However, most
performance indicator ontologies are focused on formal description of performance
indicator definitions based on mathematical structures. They model the indicator concept
in relation to some data and object properties. The models do not reflect on the associated
performance constructs such as goal, target, agenda, etc. In addition, the models are
lacking in addressing the semantic needs of a consolidated indicator framework. So, they
partly address performance indicators ambiguities and diverse definitions, and are
limited in other semantic needs of this research. This, therefore, poses a need for ontology
models that extend the above models with relating performance constructs and at the

same time fulfilling the Botswana Integrated Indicator framework needs.
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2.4 Linked Open Data (LOD) Potential for Open Data Value

(Knowledge) Creation
The LOD standard is a semantic publication technique for the creation of semantic value.
It was introduced by the inventor of the World Wide Web, Tim Berners-Lee [75] to make
data accessible on the Web in machine readable formats and linked to other data. The
LOD standard is implemented by converting flat files to a set of RDF triples to provide
data about these resources and to link them to other web resources [76]. It addresses the
challenges of dispersed and heterogeneous datasets on the Web of Data by creating
interlinkages of OD in the World Wide Web [76]. The LOD standard follows a set of best
practices for publishing and connecting structured data on the Web [50]. Figure 2.11

illustrates Tim Berners-Lee’s [77] 5-star rating scheme for LOD publications.

* * * * *

OL RE OF URI LOD
LOD

* * * K
OL RE OF URI 4?

* * *

OL RE OF
Ccsv
* *
OL RE KEY
XLS .
* OL (Open License);
oL RE (Machine Readable);
OF (Open Format);
PDF URI (Uniform Resource ldentifier);

LOD (Linked Open Data)
Figure 2. 11: Tim Berners-Lee’s 5-Star scheme for LOD Publications [75]

The 1-Star is assigned to data made available on the Web in text, pdf, and tabular formats
with an open licence [78], [79], [77]. The 2-Star is assigned to data made available on the
Web in a proprietary machine-readable format which is well structured and predictable,
and having well-established and known ways to query and use. The limitation of OD
publications at this level is that access to the data requires specific software or systems
[78], [77]. The 3-Star is assigned to data made available on the Web in non-proprietary
machine-readable structure where standard rules apply to the data presentation
structure. For example, a Comma Separated Value (CSV) file can be opened in any
spreadsheet software and can also be imported into any software. A CSV file of BIUST

University details could look like this:
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Headings for university attributes
{universityName,location,country}
Data following the same pattern as the headings
{BIUST, Palapye,Botswana}

Figure 2.12: CSV Sample

As demonstrated in Figure 2.12, a CSV file format is simple and predictable when it comes
to coding a program, to read it and to use it. It has the same number of columns (attributes
or characteristics) separated by a comma and the first row is usually the column headings
[78], [77]. Therefore, this data can be readily consumed by software programs from
across the Web and developers can consume the data from within their programs or
applications. Data at the 4-Star level possesses all the features at the lower levels and
additionally complies with open standards such as RDF. RDF is a framework for
describing resources on the web with the use of Uniform Resource Identifiers (URIs). A
URI can either be an address to a static webpage location that contains the information,
or an address plus a query to the database at that location. RDF breaks down data into a
series of facts. For example, the CSV record in Figure 2.12, {BIUST,Palapye,Botswana}

could be expressed in RDF triple form as:

(Subject) (Predicate) (Object)
:university :hasName :BIUST
:university :isLocatedIn :Palapye
:university :relatesToCountry :Botswana

Figure 2.13: RDF Sample

As demonstrated in Figure 2.13, a fact is expressed as a triple in the form of Subject-
Predicate-Object [78], [77]. The facts are stored with corresponding classifications and
relationships in a triplestore, and the triplestore represents collections of relationships,
classifications, explicit and inferred facts and unstructured data for understanding and
analysis at a much finer grain of detail [63]. Above that, RDF is not constrained to the
structure imposed by the triplestore and does not become obsolete with the evolution of
the data, as the data structure is expressed through the links within the data itself. In
addition, when changes in the data structure occurs, they are reflected in the database

through changes in the links within the data. Moreover, RDF enables the inference of new
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facts from the existing data as well as the enrichment of the available knowledge by
accessing LOD resources [80]. Data at the 5-Star level embraces all of the above features
as well as linking the published data to other existing data to provide context. Linked RDF
describes meaning by referring to the source of meaning on the Web, resulting in Linked

Data. This is achieved by linking the web resource to the Web definition source [78], [77].

2.5 Semantic Enrichment Potential for Open Data Value

(Knowledge) Creation
To start with, the value and impact of OD can be realised only if it is put to use; therefore,
the core outcome of a successful OD initiative is to make data usable and semantic
enrichment serves that purpose [50]. Semantic enrichment refers broadly to various
technologies and practices used to add information at the semantic layer (semantic
metadata) of resource data (content) to enable machines to connect and make sense of
the data, and to also enable better search of content [50], [81], [50], [82], [83], [63]. These
technologies, called Semantic Web Technologies, enable the consolidation of
heterogeneous datasets from disparate sources into meaningful and valuable
information [80]. They employ a data-centric architecture founded on a standardised
model for data publishing and interchange, RDF, which enables the transition from OD to
LOD by interlinking web resources. Furthermore, they offer the capability to import,
transform, express, store and access heterogeneous data from multiple sources which are

then integrated and interlinked as RDF statements into RDF triple-store [80].

2.5.1 Semantic Enrichment Vocabularies
Vocabularies constitute the Knowledge Organisation Systems and serve as concept
control for semantic enrichment [50]. They control concept grouping and hierarchic

relationships as discussed by Clarke and Harley [50] and shown in Figure 2.14.

Controlled
waw  Vocabulary ' Taxonomy . Thesaurus Ontology

Restricted Listof Controlled Additional formal specification

terms wocabularyorganised relationshipsto of the termsina
hierchically [with parent-child, e z. domain & the
parent-child associgtive related relationsamong
relationships) terms),equivalence them

[synonyms}

Figure 2. 14: Semantic Richness of Knowledge Organisation Systems [50]
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According to Figure 2.14, the different Knowledge Organisation Systems used for content
classification and organisation range in complexity from a simple controlled list of
common terms to a highly complex ontology [50]. At the lower level of semantic richness
is controlled vocabulary which is comprised of a restricted list of terms. That is
superseded by a taxonomy which is a controlled vocabulary organised into parent-child
relationships. Richer formats are thesaurus and ontology that add explicit structures,
metadata, and definitions to content. A thesaurus includes additional relationships to
parent-child such as associative (related terms) and equivalence (synonyms)
relationships. The highest expressive Knowledge Organisation System is the ontology
which provides the formal specification of terms in a domain and the relations among
them [50]. An ontology is a conceptual representation of an observed phenomenon or
reality through formalised, explicit description of concepts and their corresponding
attributes and relations for a given domain [84]. Ontologies include class hierarchies,
relationships between classes and instances, class attribute definitions and axioms that
specify constraints [53], [66].

In short, the level of OD value (knowledge) is dependent on semantic capabilities that
differ according to the level of semantic richness of the publication format. The highest
level of semantic richness is the product of semantic enrichment which creates value by
assigning meaning to text elements through the use of Knowledge Organisation Systems.
The complexity of the Knowledge Organisation System determines the semantic value-
adding potential. Knowledge Organisation Systems increase the value of OD by
augmenting published data with corresponding semantic meaning, thus, enhancing their
understanding and enabling advanced analytical capabilities. Of all Knowledge
Organisation Systems, ontology offers the maximal enrichment value and this validates
the adoption of the ODSE approach to semantic enrichment as having potential to

maximise OD value. The next section explores various semantic enrichment methods.

2.5.2 Semantic Enrichment Methods

There are a diversity of semantic enrichment methods which can be categorised
according to content type as either structured, semi-structured, and unstructured data.
Semantic enrichment methods for structured data enhance the quality and

discoverability of metadata with more contextualised meanings through the use of
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vocabularies and other resources that have embraced LOD. Semantic enrichment
methods for semi-structured data transform it into structured data through entity-based
semantic analysis and annotation to extend access points. Semantic enrichment methods
for unstructured data are focused on exploring it and generating knowledge bases to

support knowledge discovery [83].

2.5.3 Semantic Enrichment Models

Semantic enrichment may be classified into four enrichment models: tags, attributes,
relations and ontologies [85]. A tag annotation element is a keyword, or a term assigned
to a resource that describes a particular resource property. Tags are at the bottom level
and represent the easiest form of annotation. An attribute annotation element is a pair of
two components, namely the name and value of the attribute. A relation annotation
element is a pair of two components, the relation name and the related resource. The
annotated resource is linked to relation with the relation name. The ontology model
describes the metadata that align a resource or a part of it with some of its properties and
characteristics description according to a formal conceptual model. Ontologies are at the
top level and represent the complex form of annotation [85]. The ontology model of

semantic enrichment is also known as ontology-driven semantic enrichment.

2.5.4 Semantic Enrichment Approaches

At the core of every nation and organisation is the aim of increasing the value of its assets,
including data. OD value depends on the semantic richness of publication formats that
can be enhanced through semantic enrichment with the use of ontologies and LOD

technologies.

Ontology-Driven Semantic Enrichment

As stated in Subsection 2.5.1, ontologies, as part of the knowledge organisation systems
have the highest enrichment value compared to controlled vocabularies, taxonomies and
thesaurus. Therefore, ontologies are key drivers of semantic enrichment processing with
potential for OD value creation maximisation. Ontology-driven semantic enrichment
pertains to the process of adding meaning to web content by mapping it to terms defined
in ontologies [53], [66]. Leveraging ontologies in semantic enrichment for OD value

(knowledge) creation offers numerous benefits. With ontology-driven semantic

- ‘7 PhD Thesis | Ontology-Driven Semantic Enrichment
’/,(/:/‘ CSIS | Framework for Maximal Creation of 19
- Department | Open Data Value



enrichment, unstructured text can be annotated with information that links related
concepts together and clarifies the concepts ranking in a hierarchical family. This enables
search for information on a certain concept to gather many different references of it as a
class, achieving a recall impossible with unstructured text information [86]. Above that,
semantic enrichment through shared ontologies make heterogeneous contents from
diverse data providers semantically interoperable, thus, enabling data usage across data
silos [83]. Also, it is difficult to understand whether the query results reflect the intended
query, without a vocabulary definition that restrict potential interpretations of the used
classes and roles or properties towards their intended meaning [79]. Furthermore,
adding the ontology layer to openly published data subjects its description to logic and
this enables reasoning capabilities on the data [11], [S3]. Ontologies increase semantic
interoperability among datasets, applications and the parties that exchange data on the
semantic web [87], [88]. They are used to achieve both internal and external integrations
and interoperability. They connect external resources to content and enable the exchange

of information across applications [50].

Linked Open Data Driven Semantic Enrichment

The application of ontologies in semantic enrichment is according to the LOD standard,
the data publishing technique that make data accessible on the web in machine readable
formats and linked to other internal and external datasets [75]. Thus, LOD represents the
interlinkages of OD in the World Wide Web to create semantic value. However, according
to Janowicz et al. [79], this practice is limited in advancing the OD mandate as the mere
practice of linking RDF triples does not necessarily make the data more (re)usable to
humans or machines. Hitzler and Van Harmelen [88] have observed that some of the LOD
work only just publishes the data, and ignores the value that can be derived from the data
by annotating it with ontologies [88]. Above that, for maximal use and reuse, OD must be
published in platform independent and machine readable formats, and made available to
the public without restrictions that would impede its reuse [89, 48]. This can be achieved
through the introduction of LOD platforms that enable data links to other related data of
interest [76]. To realise the LOD benefits, LOD platforms act as hubs for publishing and
sharing data. The LOD platform handles metadata and also allows for storing and keeping

datasets to be used for applications and services. They foster free, unlimited data access
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to the general public. They offer a point of datasets consolidation, minimising the efforts
of developers and consumers in searching, accessing, downloading and sharing datasets

of interest [90].

2.5.5 Semantic Enrichment and the Formation of OD Value (Knowledge)
Attributes

The OD/semantic value (knowledge) creation potential of semantically enriched OD

resources is determined by the degree of formation of semantic enrichment, richness and

mining attributes.

Semantic Enrichment Attributes

Semantic enrichment attributes, in the context of this research, refers to semantic value-
added to flat text resources to enhance semantic capabilities at both the syntactic and
semantic levels. The focus of this research is on ontology-driven semantic value
(knowledge) creation. This pertains to the enhancement of semantic capabilities with the
addition of the syntax (structure) and semantics (meaning) layers to flat text OD
resources through the use of ontologies. Semantic capabilities of interest in this research
are OD accessibility, understandability, interoperability, integrability and intelligibility.
Ontologies offer high and flexible expressiveness, relationship definition, modeling and
reasoning capabilities [11]. Therefore, they play an important role in enhancing semantic
capabilities.

Firstly, OD accessibility pertains to the organisation of data for ease of discovery [41], [23].
Despite the OD abundance on the Web, its meaning is not constrained/linked to
vocabulary repositories and this has resulted in the lack of expressivity in datasets thus,
making it difficult to access it through search functionalities [50], [79]. For instance, the
information needed to answer queries may be available on the Web, but may not be in
RDF format or may be only partially available as RDF [91]. Semantic enrichment
improves OD accessibility by adding a class of metadata to enable content discovery [50].
Semantic metadata provides the meaning of web content in a way that computers can
process to find, filter, and connect [50]. That is, words transformed into an easy-to-search
format enhances accessibility capabilities. The second challenge pertains to the limited

availability of LOD on the Web. Though OD publications on the Web of Data are
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expanding, there is too little Linked Data, thus limiting OD access [91]. Ontologies play an
important role in enhancing OD accessibility capabilities and improving search and
discovery of content for faster information retrieval and more accurate search result [50],
[63].

Secondly, OD understandability pertains to the presentation of data for ease of
comprehension, specifically, the expression of data in appropriate languages, symbols
and units and in the specific context of use so it is easy to read and interpret [41], [23],
[92]. This can be achieved through semantic enrichment. Semantic enrichment frees
knowledge from the limitations of non-machine-readable texts it is locked into [63]. This
process involves associating texts with semantically richer formats that explicitly express
the structures, metadata, definitions, context and data relations to make it more
meaningful, and enable machine readability and seamless processing [90, 63], [86]. With
semantic enrichment, ambiguous, difficult-to-interpret, messy and heterogeneous
content is converted into a neat set of machine-processable data pieces, thus bringing
clarity to the knowledge content of an area which becomes the basis for communication,
sharing and problem solving for both human and machine-based tasks [78]. Also,
semantic enrichment enables different stakeholders in different sectors to make correct
inferences on the data and to reach a consensus in the interpretation of the data as well.
Ontologies play an important role in enhancing OD understandability capabilities. Data
from diverse sources must be presented according to an agreed, formal representation
that captures important details pertaining to the data context, data structure and data
meaning. This requires a common data representation format that preserves the data
context and meaning as content is shared among a diversity of stakeholders [93]. The
common understanding of concepts can be provided through ontologies [11]. Ontology is
used to make domain assumptions and terminological ambiguity explicit by providing
clear definitions of domain concepts, their attributes, relations between concepts,
relations between concepts and instances, and applicable constraints [52], [53]. This
creates a shared understanding of concepts, thus, enhancing the efficiency of knowledge-
based systems and the analysis of domain knowledge [11], [52].

Thirdly, OD interoperability pertains to data sharing capability demonstrated in the
ability to intermix diverse datasets [41], [23], [94]. The ability to interoperate different
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datasets so that they work together depends on the interpretive capabilities of relations
between domain concepts [93], [94]. The interoperability of OD can also be described in
terms of shared inferences. For instance, if a publisher shares OD for public consumption,
the data publisher and the consumers can only be truly semantically interoperating if the
data consumers not only know the literal content of the data, but also understands the
implicit consequences of that data. These shared, implicit consequences are made explicit
through vocabularies [88]. Ontologies play an important role in enhancing OD
interoperability capabilities. Describing the data by means of ontologies increases
interoperability among datasets, applications and the parties that exchange data on the
semantic web [87], [88]. This facilitates knowledge sharing in a given domain across
heterogeneous systems or environments. In addition, ontologies unify datasets based on
the formal, explicit domain specifications of shared conceptualisations for
interoperability [12]. By externalising a common understanding of the information
structure, ontologies can be used to achieve both internal and external interoperability
for information exchange among people, software agents and across applications [50],
[52], [53].

Fourthly, OD integrability pertains to integration capability, the ability to interlink diverse
datasets [41], [23], [94]. The value of OD is not in isolated files, but in consolidating all
the relevant data into a single platform and providing easy linked access [2]. The
integration of OD involves combining RDF structured data from diverse sources, on a
syntactic level, into a unified view for actionable business intelligence [88], [95].
According to the Pareto Principle (80/20 rule), integrating 20 percent of OD is estimated
to yield 80 percent of the value [15]. Combining OD with other pertinent data enables the
extraction of specific and hidden insights from it [15]. For example, linking different data
sources to ontologies enable the extraction of deeper insights, and the uncovering of
hidden relationships [63]. For semantic enrichment, RDF links use vocabularies in the
descriptions of the data. Ontologies and other classification systems (controlled
vocabularies, taxonomies, and thesauri) can be used to achieve both internal and external
integrations. They can also be used to connect external resources to content [50]. So,
describing the data by means of ontologies increases integration among datasets and

applications [87]. With the ontology-driven semantic integration, the abstraction level of
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the ontology used for the enrichment determines the integration level of the ontology.
With a high-level ontology, numerous concepts are combined into a single high-level
concept, while with a custom domain ontology, the level of integration is closer to the
lowest level of granularity [63].

Lastly, OD intelligibility pertains to the comprehensiveness of data for analysis and
comparability [41], [23]. Ontologies play a central role in OD intelligibility by enhancing
the analytical capabilities of knowledge resources [70]. Content semantically enriched
with an ontology can be analysed to determine potential relationships between concepts
and the resulting relationship graph can reveal some important hidden insights [96].
When compared to unstructured content which must be synthesised from scratch each
time it is consumed, semantically enriched content has been annotated with its meaning,

thus enabling users to move quickly to more intelligence-rich information activities [96].

Semantic Richness Attributes

In the context of this research, semantic richness refers to the semantic value-added to
flat text resources in the form of structure and context. The semantically enriched data
pieces are the building blocks of intelligent data [63]. Intelligent data is systematically
processed, and presented in meaningful form for active sharing, as well as, further
assessments and interpretations in the Web of Data [97]. These are knowledge resources
that embodies, both structurally and contextually, all that an application needs to
interpret the data [50]. The data is characterised by clarity — explicit definitions and

measurements and is actionable — supports decision making and implementation [98].

Semantic Mining Attributes

Semantic mining, in the context of this research, refers to the
extraction/derivation/harvesting of semantic value-added to flat text resources. That is,
knowledge extraction/harvesting. Semantic enrichment builds semantic mining
capabilities. It enhances discoverability with an additional layer of semantic metadata
that reduces friction in the discovery, access, consumption, and synthesis of OD.
Ontology-driven semantic enrichment enhances search capabilities. The main problem
that arises when querying structured data lies in the differences in terms of quality and
semantics that occur in the attribute values, e.g., a length may be expressed with different

units of measurement. These variations may ultimately render query results very
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imprecise or even meaningless. The semantic enrichment of structured data connects
structural elements or data elements (attribute values) to semantic entities in an
ontology [86]. This enables effective search, faster information retrieval and more
accurate search results [63]. By mapping text with information that links related concepts
together, ontologies clarify where these concepts sit in a hierarchical family. This enables
a user looking for information about a certain concept to gather the many different
references of it as a class, achieving a recall impossible with information in the
unstructured text alone [96]. Moreover, ontologies disambiguate unstructured text to
improve the accuracy of search results. For instance, an application that is not being able
to differentiate AIDS (Acquired Immuno-deficiency Syndrome) from hearing aids will
likely retrieve examples of both for an ‘aids’ keyword search while a system which can
connect text to semantic entities of an ontology is cable of distinguishing between the
concepts and achieve greater precision in search results [96].

Ontology-driven semantic enrichment enhances query capabilities. By associating
attribute values with descriptors such as unit and scale, makes the data more meaningful.
These descriptions can then be used to augment the queries with selection criteria or
transformation functions to produce high quality results [86]. Furthermore, ontologies
enable the expression of deductive queries that improve the accuracy of data analysis and
also produce results not computable with standard queries [86], [93]. The abstraction
level of the ontology used for the enrichment determines the level of query details. A high
level ontology unifies many different concepts into a single high level concept, while more
precise (domain specific) ontologies enable queries that are closer to the lowest level of
granularity. Moreover, if the enrichment structure possesses a rich semantic structure,
with subclass relations or more sophisticated axioms, it will support a more expressive
query rewriting. For instance, a query about a given class could be rewritten as a query
about its subclasses if the class concept is not directly represented in the data source [86].
For querying semi-structured data, the role of semantic enrichment is either to describe,
unify or differentiate between the multiple naming schemes produced by users. If the
names used in the data source associates with corresponding entities in an ontology, then

the ontology’s vocabulary can be used to express unified queries that can be
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automatically rewritten into the dataset’s vocabulary to produce a complex query on the

data source [86].

2.5.6 Semantic Enrichment Frameworks

This section discusses semantic enrichment frameworks for ontology and LOD-driven
processing of OD. Ontology-driven semantic enrichment describes the process of adding
a layer of topical metadata in the form of ontology concepts to content to achieve the
following: 1) to augment the source metadata with additional terms; 2) to enable
machines to make sense of the data; and 3) to build connections to the data [50], [81]. In
the LOD context, semantic enrichment pertains to the creation of links between the
enriched resources and others, preferably from an existing reference dataset [99]. The
reviews were focused on exploring semantic enrichment processing, the semantic
capabilities enriched and the semantic enrichment output evaluation for the degree of
semantic value-added to output resources.

The first reviewed semantic enrichment framework is the Europeana Automatic Semantic
Enrichment Framework presented by Manguinhas et al. [99] in three stages. First is the
analysis stage which involves the analysis of metadata fields in the original resource
descriptions, the selection of potential resources to be linked to and the derivation of
rules to match and link the original fields to the contextual resource. Second is the linking
stage which involves the matching of metadata values to contextual resources’ values,
and the addition of contextual links based on values with equivalent relationships to the
dataset. Third is the augmentation stage which involves the selection of values from
contextual resources to be added to the original object description. The Europeana
Automatic Semantic Enrichment Framework enhances access, integration and
interoperability capabilities of Europeana objects with cultural heritage metadata [81]. It
links Europeana objects and interconnects them to resources from external datasets by
matching their metadata to external semantic data and controlled terms. For instance,

the link http://dbpedia.org/resource/Costume means that the Europeana object was

automatically enriched with the concept of Costume from the DBpedia dataset.
Therefore, the first stage of the Europeana Automatic Semantic Enrichment Framework,
the Analysis stage, pertains to semantic enrichment pre-processing while the second and

third stages the Linking and Augmentation stages, pertain to semantic enrichment
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processing. So, it does not factor in the product of semantic enrichment processing, thus,
leaving a void of knowledge on the process performance. Above that, the framework is
explicit on the enriched semantic capabilities being semantic access, integration and
interoperability but there is no specification of semantic capabilities evaluation. So, the
focus of the framework is on semantic enrichment of structure and meaning and there is

no consideration for the evaluation of the processing end-product.

The Smart City Semantic Enrichment Process was proposed by Bellini et al. [100]. The data
engineering architecture processing component of the entire processing enhances OD
interoperability capabilities through semantic enrichment that combines ontology and
LOD principles and techniques as follows: 1) Data ingestion and quality improvement
whereby input from diverse sources undergoes data quality improvement through ETL
transformations; 2) Data mapping and indexing whereby the data is mapped to a smart
city ontology. Thereafter, the data is indexed and undergoes reconciliation for semantic
interoperability enhancement; 3) Exploiting and exploring smart city data whereby the
output data is stored in an RDF-store for applications’ access/exploitation through
Simple Protocol and RDF Query Language (SPARQL). The framework provides as a
separate process, the data verification, validation and reconciliation services
implemented through a set of specific SPARQL queries and program tools for RDF link
discovery [100].

Therefore, the first stage of the Smart City Semantic Enrichment Process, the data ingestion
and quality improvement, pertains to semantic enrichment pre-processing; the data
mapping and indexing stages pertain to semantic enrichment processing; and the data
exploiting and exploring stage pertains to semantic enrichment post-processing. The
semantic capability to be achieved through the enrichment is explicitly stated as data
interoperability and the evaluation of this capability is provided as well. So, the focus of

the framework is on enhancing semantic interoperability capability.

The Linked Open Government Data Process documented by Ding et al. [1], facilitates the
enhancement of government data quality, accessibility, integrability and reusability
capabilities through LOD practices. It is a Web-based open ecosystem that interlinks the
original data owners (such as government agencies), data processing service providers

(such as entity resolution services), and data consumers (enterprises and citizens). It is
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pioneered by Data.gov and Data.gov.uk and emerged on the linked-data Web as a way of
facilitating opening, linking, and reuse of Open Government Data. Linked data offers data
representation using URIs and the Resource Description Framework and data access via
HTTP. It enables incremental Open Government Data publishing according to Tim
Berners-Lee’s 5 Stars of Linked Data discussed above. The roadmap of Linked Open
Government Data process has the following three data-processing stages: 1) In the open
stage, government agencies publish Open Government Data online in reusable formats
and maintain central Open Government Data catalogs for datasets access; 2) In the link
stage, community participants such as academia and the industry enhance released Open
Government Data quality; and 3) In the reuse stage, developers extract the published
Open Government Data to build high-value applications [1]. These three stages
synergistically enhance the raw open government data from data providers using the
combination of machine and human power and deliver higher quality data to data
consumers. All in all, The Linked Open Government Data project is focused on achieving
the global integration of government data; enhancing data quality and access; and
promoting data reuse.

Therefore, the first stage of the Linked Open Government Data Process, the open stage,
pertains to semantic enrichment pre-processing while the link stage pertains to semantic
enrichment processing. The third stage, the reuse stage pertains to semantic enrichment
post-processing. In addition to enhancing data quality, the framework is aimed at
achieving the accessibility, integrability and reusability capabilities. However, the
framework scope does not cover the semantic enrichment evaluation for semantic value-

added to the data.

The OntoCore Semantic Enrichment Process published by O’Shea and Ross [101] enhances
unstructured and semi-structured data with relevant concepts and relations extracted
from publicly available LOD repositories. The process involves an exploration of concepts
held in existing data and their relations and integrating them to semantic web resources.
The OntoCore process outline is as follows: 1) the textual data is fed into OntoCore for
analysis, 2) the key semantic entities in the data are identified, 3) the relevant LOD is
selected for augmenting the input data stream, and 4) the original text data is augmented

with most relevant conceptual and relational data through document metadata [101].
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The OntoCore project is concerned with enhancing the integration and reusability of both
unstructured and semi-structured data on the Web and this is a crucial step in opening
up new product potential from existing data.

From the discussions above, the analysis of textual data pertains to semantic enrichment
pre-processing; the identification of key semantic entities and both the selection of
relevant LOD for augmentation and the data augmentation pertains to semantic
enrichment processing. Though the framework enriches data integration and reusability
capabilities, there is no provision on how to assess the enrichment impact due to lack of

the output evaluation component.

The Folksonomy Ontology Enrichment Process was advanced by Angeletou [102] to
address the lack of explicit semantics for folksonomies. Folksonomies are Web 2.0
systems that enable content use in large-scale intelligent applications. The basic elements
of a folksonomy are users, resources and tags. A resource is a folksonomy content object
such as YouTube video while a tag can be any sequence of characters attached to a
resource [102]. Tag semantics are often unknown, thus, hampering resource retrieval
and integration in cross platform applications. Semantic enrichment transforms the flat
folksonomy tagspace into rich semantic representations. This involves the annotation of
Folksonomy resources (raw text entities) with semantic entities defined in online
ontologies, thesauri and other knowledge sources. The process creates a semantic layer
on top of folksonomy tagspaces in a three-step process that entails the identification of
the meaning of the tags (raw text entities) attached to a resource; obtaining the formal
semantics that correspond to these tags; and attaching the formal semantics to the
resource. The process consists of three phases as follows [102]:
1) Phase 1, lexical process determines the type of tags to be considered as the basis
of semantic enrichment,
2) Phase 2, semantic expansion pertains to sense definition and disambiguation for
the tags to address the challenge of different contextual meanings for the same tag.
It also addresses the issue of semantic web sparseness in which ontologies might
not contain concepts that are syntactically equivalent to a given tag but concepts

labelled with one of its synonyms. To overcome this limitation, semantic expansion
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is performed for each tag using a combination of thesauri and other knowledge
sources, and
3) Phase 3, semantic enrichment identifies the semantic entities that are relevant for
each tag by leveraging the results of Phases 1 and 2. The relevant semantic web
entities are selected during the entity discovery step by querying online ontologies.
Then, in the entity selection step the semantic web entities are filtered to identify
the ones that correctly correspond to the tags. Finally the relation discovery step
identifies relations between the semantic web entities. The output of the
Folksonomy Ontology Enrichment process is semantically enriched tags.
From the above discussion, all the three stages, the lexical process (phase 1), semantic
expansion (phase 2) and semantic enrichment (phase 3) pertain to semantic enrichment
processing. The framework enhances semantic capabilities in terms of data
understandability, integrability, and intelligibility. However, the evaluation of

semantically enriched tags for semantic capabilities value-added is missing.

The Linked Open Data Framework to Enhance the Discoverability and Impact of Culture
Heritage was proposed by Gustavo et al. [103], to enhance information retrieval. This
framework uses open knowledge bases such as Wikidata and GeoNames for the
enrichment and disambiguation of locations in text. The framework is aimed at
facilitating the use of LOD by cultural heritage institutions to share or disseminate their
collections and to enrich their metadata. This semantic enrichment framework addresses
the challenges relating to the handling of increasing growth of datasets such as ingestion,
management, querying and enrichment of the data faced by collaborating cultural
heritage institutions. This semantic enrichment framework supports the implementation
of refinements required for the recognition and extraction of implicit relationships
expressed in natural language to improve the user experience in information retrieval.
Though, the focus of the semantic enrichment framework is on semantic retrieval, there

are no measures to evaluate the semantic value of the retrieved output.

The conceptual framework for Enriching Mobility Data with Linked Open Data was
proposed by Ruback et al. [104]. The purpose of the framework is to guide the trajectory
enrichment process that generates semantic trajectories. This process entails the

partitioning of trajectories into homogeneous segments that are annotated with
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contextual information. Enriching the representation of movement data with external
contextual data results in semantic trajectories. This framework addresses the difficulty
and error-prone processing of the semantic enrichment of movement data due to the lack
of a comprehensive framework. The framework benefits from LOD both as a unifying
formalism and as the source of contextual data and it takes advantage of the LOD
principles in two aspects. Firstly, representing trajectories according to the LOD
principles offers a strategy to incorporate trajectories in a way they can be easily shared
and reused. Secondly, the Web of Data can be used as the main source of contextual
information to enrich movement data. The proposed framework has been designed to
create a publishable movement data repository by incrementally building a semantic
trajectory ontology. This approach makes the process application-oriented, simple,
reusable, flexible and general enough to cover many different domains. The proposed
process covers the trajectory segmentation and the LOD enrichment up to the
construction of a semantic trajectory repository to be used for the analysis. Semantic
enrichment takes as input a raw trajectory and a number of LOD sources and builds a
semantic trajectory repository. This process is driven by the use of ontologies and it is
structured into two main steps [104].

Step 1 deals with segmentation which takes as input a raw trajectory and some particular
segmentation criterion and splits the trajectory into segments, which are the entities to
be enriched. This step is driven by a Segmented Trajectory Ontology, which identifies the
different types of segmentation required by a specific application. The Segmented
Trajectory Ontology represents the trajectory entities featuring the parts to be enriched
[104].

Step 2 deals with the enrichment which matches (or enriches) trajectory segments (e.g.,
stops or moves) to the most appropriate semantic entities made available by the external
contextual information through the Linked Data Mashup view. A typical example is the
matching of stops with Points of Interest in the tourism Mashup View which can either
be a religious building, museum or transport. The enrichment step involves two main
tasks: 1) the creation or selection (if it already exists) of the Linked Data Mashup, which
integrates data from the relevant selected linked data sources. The mashup aggregates

entities from the DBPedia dataset and the OpeNER Linked Dataset which consists of a
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repository for the tourism domain that covers the Tuscany region. The mashup reuses
terms from DBPedia vocabulary, Friend of a Friend (FOAF), RDF schema (RDFs), vCard
vocabulary, HOntology and Accommodation Ontology; and 2) Linking trajectory
segments with Linked Data Mashup entities. In this step, the mashup view ontology
specifies the concepts of the mashup view (i.e., the conceptual model), which is the
common vocabulary for integrating data exported by the selected Linked Data sources.
The outcome of the enrichment step is the semantic trajectory ontology and an RDF
repository containing semantically enriched trajectories. The semantic trajectory
ontology contains all concepts and properties of the segmented trajectory and mashup
ontologies, and also the definition of the semantic links between them. In the proposed
framework each step is driven by the incremental use of ontologies that can be easily
adapted to meet the application needs [104].

From the above discussions, step 1 which deals with trajectory segmentation pertains to
semantic enrichment pre-processing while step 2 which covers the LOD enrichment up
to the construction of a semantic trajectory repository to be used for the analysis pertains
to both semantic enrichment processing and post-processing. Like most reviewed
frameworks, the enriched output evaluation is excluded making it difficult to assess the

effectiveness of the framework.

The Ontotext® semantic enrichment process [63] proposal comprises five steps that define
how information is given well-defined meaning and becomes ready to join other data
pieces, enabling new combinations, insights and cross-references: 1) text is extracted
from articles, documents or any form of unstructured data; 2) after sentences are split,
the important concepts are identified through dictionary word lists; 3) machine learning
algorithms classify and disambiguate the identified concepts; 4) relationships between
the entities are also identified; and 5) the facts and the original reference to the articles
are indexed and stored with corresponding classifications and relationships in a
triplestore. The triplestore represents collections of relationships, classifications, explicit
and inferred facts and unstructured data that allow organisations to understand and

interrogate their content and data at a much finer grain of detail [63].

9 A software organisation specialising in semantic technology
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Therefore, step 1 which deals with text extraction pertains to semantic enrichment pre-
processing. Steps 2, 3 and 4 that deals with the identification, classification and
disambiguation of concepts, and the identification of concept relationships as well
pertain to semantic enrichment processing. Lastly, step 5 deals with semantic enrichment
post-processing functions. The framework is intended to build sharing and reuse

capabilities but the framework does not factor in the evaluation of these capabilities.

The Semantic Enrichment Process for Medical Ontologies was proposed by Lee & Geller
[105] for ontology enrichment to enhance semantic search. According to this framework,
semantic enrichment process is as follows.

First, the process takes as input a local ontology and a global ontology and produces as
output a Terminological Knowledge Base that has in its lower level the same concepts as
the local ontology (a one-level ontology that consists of concepts and categories) and
these concepts are assigned to semantic types from the global ontology (a Terminological
Knowledge Base in which the upper level is organised as an IS-A hierarchy of semantic
types and the lower level as an 1S-A hierarchy of concepts which exhibits wide and deep
coverage of the concepts for the defined ontology domain) [105].

Second is concept matching, a process which either finds for a concept (cl) of a local
ontology a corresponding concept (cg) from a global ontology or for a category (al) of a
local ontology a corresponding concept (cg) from a global ontology. The result is a pair
(cl, cg) or (al, cg): furthermore, for the second kind of pair, a mapping function Match is
defined such that Match (al) is equal to cg. Two concepts (or a category and a concept)
are considered corresponding when they are identical according to a suitable string
match, or similar enough as strings to warrant the assumption that they stand for the
same real world (abstract or concrete) entity [105].

Third is semantic assignment, a process which creates a pair of a concept (cl) or category
(al) from the local ontology and a semantic type SI, which is a copy of a semantic type Sg
from the global ontology, such that Sg is the semantic type of the cg that was found during
Concept Matching: (cl, SI) or (al, SI) [105].

Fourth is assignment propagation, a process that “inherits” a semantic type Sl from a local
category al to a local concept cl, provided that an IS-A relationship holds between cl and

al, and provided that SI was assigned to al during a step of semantic assignment.
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Assignment propagation eliminate or reduce concept ambiguity. For instance, “cold” may
be the disease “common cold” or a statement of temperature. COLD may even stand for
Chronic Obstructive Lung Disease. If “cold” is assigned to the category “disease,” this
ambiguity is eliminated. Thus, the semantic type of the category helps to better define the
meaning of the concept [105].

So, this framework comprises semantic enrichment pre-processing and processing

functions with a focus on building concept disambiguation capabilities.

The Semantic Enrichment for Local Search Engine using Linked Open Data framework was
proposed by Alobaidi et al. [106], for enriching the web content of local search engines.
The aim of this framework is to make local search indexing more effective and efficient.
The framework process comprises two steps being entity segmentation and knowledge
extraction.

Step 1, entity segmentation, has two modules, the Natural Language Processing module
and the Name Entity Recognition module. Segmentation involves the process of
tokenization and the process of identifying name entities. The processes begin with
empty, raw text that is highlighted as sentences. The authors describe the sentences as
mere raw material with potential value but of little semantic use. Tokenization and the
recognition of names is implemented as follows. First, the Natural Language Processing
module involves deep sentence analysis to produce a collection of lists of a structure tree.
Then the lists are stemmed to reduce inflected words to their root. Thereafter, the lists
are passed on to the name entity recognition module for disambiguation. Second, the
Name Entity Recognition and disambiguation module performs the task of locating and
labelling sequences of words in text and categorising these sequences into predefined
classification, i.e., a name entity BIUST will be tagged and classified as university [106].
Step 2, knowledge extraction involves the use of LOD to extract knowledge from
structured and unstructured data. The extracted knowledge presents the semantic
implicit in that knowledge and also facilitates the function of local search engines.
Knowledge extraction has two modules, the Entity URI Look-Up module and the Triples
Extraction module. First, the Entity URI Look-Up module processes entity literals
generated by the segmentation process. It identifies related entities from the LOD

program, using properties such as rdfs:label (a lexical label for a resource),
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skos:prefLabel (preferred lexical label for a resource) and skos:altLabel (an alternative
lexical label for a resource). For instance, for the BIUST entity, this module uses the entity
label to construct a SPARQL query to extract all the triples that contain the string "BIUST"
as a part of its object. In turn, the module iterates through generated triples, extracts the
URI subject, and builds the entity URI list that needs to be used in the next module under
which extracted knowledge operate. Second, the Triple Extraction module accepts the
entity URI list mentioned above from the Entity URI Look-Up Module, iterates that
through the entity URI list, and construct the SPARQL query that uses each URI in the list
as the subject, as well as the rdfs:comment (represents a description of the resource as a
predicate). Then the module executes the SPARQL query against the LOD endpoint. Next,
the module provides all the comments retrieved from the local search engine for
consideration in the indexing process [106].

This framework processing is aimed at improving semantic search effectiveness and
efficiency with its semantic enrichment pre-processing and processing functions, yet, it
lacks the output evaluation to assess the impact of semantic enrichment processing on

search performance.

An Ontology-Driven Framework towards Building Enterprise Semantic Information Layer
was developed by Song et al. [107], to enhance semantic search. The semantic
information layer refers to an information layer with semantics. This layer has interface
to enable interaction with upper application layer and has access to lower data source
layer. The semantic information layer represents knowledge among various systems to
address the challenges of heterogeneous data stores and distributed systems on the basis
of ontology extraction, enrichment and alignment [107].

Ontology extraction and enrichment are part of pre-process for the development of
semantics. The first step is extraction of semantic and structure for the information
stored in the knowledge sources in various formats, such as Relational Database and
HTML files. The extracted ontology is regarded as raw ontology, which needs to be
enriched and elaborated by reference ontology or manual adjustment. The raw ontology
is extracted with defined rules, and then enriched with upper or reference ontology to

obtain final ontology [107].
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Ontology alignment is a process for ontology reuse that seeks to find semantic
correspondence or reconciliation between a pair of ontology elements by identifying
similarity. It involves the identification of correspondences and the setting up of
connections. The Match process seeks the possible correspondences and Align process
sets up the links with the constraints or criteria to reference ontologies [107].

Therefore, this framework comprises the semantic enrichment pre-processing (ontology
extraction) and processing (ontology enrichment and alignment). It is limited in the

output evaluation to determine the effectiveness of the enrichment processing.

Overall, the semantic enrichment frameworks described in this subsection are similar to
those explored in the research background section (Section 1.2) in that they model the
semantic enrichment pre-processing, processing and post-processing. Above that the
semantic enrichment processing is on the basis of a vocabulary, mainly the ontology and
the LOD technique. Furthermore, they support the implementation of semantic
publications by enhancing OD accessibility, understandability, interoperability,
integrability, and intelligibility capabilities. This has proved that these OD enrichment
processes and capabilities are key to deriving value from published data and are created
or enhanced through ontology and LOD-driven semantic enrichment. However, the
semantic enrichment process either improves OD semantics or syntax or both, with the
partial or complete exclusion of quality assessment of the resulting semantic value. This
makes it difficult to establish, manage and control the degree and quality of OD value
creation. Therefore these semantic enrichment frameworks are limited in addressing OD
value (knowledge) creation maximisation and this is the research gap that this study

addresses.

2.6 Conclusion

The OD review in Section 2.2 has revealed that knowledge resources/goods/assets are
needed to drive the current global evolution to knowledge-based economies and
societies. OD with its unlimited reusability, social and economic value is one of the raw
resources with potential for the creation of high valued knowledge
resources/goods/assets that appreciate in value with extended use. However, the big

challenge is that OD is availed in raw form for public use and reuse. In its raw state, OD is
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of less use and its value remains untapped in most cases. The value of data is determined
by usability which depends on the formatting of data to enable its use and reuse, which
in turn depends on the data structure. Therefore, the design focus for the proposed
semantic enrichment framework was on developing a transformation process for the
value to be unleashed and extracted for use. In OD processing, knowledge creation
technologies, techniques, models and frameworks, i.e., ontologies, LOD, and semantic
enrichment vocabularies, methods, models, approaches, attributes and frameworks are
required to restructure OD for usable value.

A review of semantic enrichment (Section 2.5) revealed that the value of OD can be
maximised to promote reuse by semantic enrichment which increases the quality and the
potential use of datasets. For semantic enrichment effectiveness, it must be implemented
through Semantic Web Technology combination comprising LOD and Ontologies. This,
therefore, necessitates the development of frameworks that leverages on Semantic Web
Technologies for semantic enrichment of OD to maximise its value and that can be
achieved by building the framework around a combination of LOD and ontologies. As
outlined in Section 2.5, in the LOD context, semantic enrichment pertains to the creation
of links between the enriched resources and related resources in the Web of Data.
Specifically, RDF links make use of vocabularies in the descriptions of the data.

The semantic enrichment necessitate that the LOD knowledge base be built on a
vocabulary. The vocabulary of interest in this research is the ontology as it has the highest
level of expressivity and enrichment value compared to other Knowledge Organisation
Systems such as controlled vocabularies, taxonomies and thesaurus. Ontology-driven
semantic enrichment pertains to the process of adding meaning to web content by
mapping it to terms defined in ontologies. An extended review of ontologies (Section 2.3)
revealed that they have the highest semantic enrichment value compared to all other
vocabularies. A further review of existing ontologies revealed that they are limited in
addressing the Botswana development agenda domain needs of the establishment of a
consolidated indicator framework. To start with, there are very few studies that address
semantic representation of performance indicators in general. None of these studies
address performance indicators in the development agenda domain despite their critical

importance in this era of OD in which countries are pushed to open up their data for
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public consumption. This necessitates the development of a custom domain ontology. So,
the semantic enrichment framework design included the development of a customised
ontology with links to generic/reference ontologies.

A review of semantic attributes (Subsection 2.5.5) revealed that the realisation of OD
value depends on the effectiveness of semantic capability features that enables OD
accessibility, understandability, interoperability, integrability, and intelligibility.
Therefore, semantic capabilities must be factored into semantic enrichment frameworks
that leverage them for OD value creation. So, the design focus for the proposed semantic
enrichment framework processing was on creating these OD capabilities. In addition, the
five semantic capabilities constitute the semantic enrichment attribute variable for
semantic enrichment assessment model. Furthermore, as semantic richness is grounded
on structure and context, these two constitute semantic richness attribute variable for
semantic richness assessment model. Moreover, from the semantic attributes
discussions, it is clear that semantic mining concerns data access, linkages and knowledge
extraction. So, these variables constitute the semantic mining attribute in the semantic
mining assessment model. Moreover, as the review on semantic enrichment approaches
has revealed that ontology-driven semantic enrichment plays an important role in
enhancing semantic capabilities, the ontology component is the backbone of the
framework.

Lastly, a review of existing semantic enrichment frameworks revealed crucial insights
instrumental to the design and development of the proposed framework. As discussed in
Subsection 2.2.1, OD is the future driver and as such the semantic enrichment
frameworks for the conversion of raw OD resources to knowledge resources contribute
significantly to the creation of valuable OD reuse potential. However, a review of existing
semantic enrichment frameworks has revealed numerous research gaps on OD value
enhancement through ontology and LOD-driven semantic enrichment. Firstly, the focus
of ontology-driven semantic enrichment frameworks is on binding textual data to
ontological constructs while that of LOD-driven semantic enrichment frameworks is on
creating linkages between web resources. A review of these two types of semantic
enrichment frameworks revealed a lack of both ontology and LOD-driven frameworks

that could be used to address the identified publication needs for Botswana overviewed
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in the research introduction. Secondly, according to literature review, no implementation
or research related to either the publication of LOD or semantic representation of
performance indicators applicable to Botswana has been carried out. This poses a need
for semantic framework that addresses semantic enrichment and indicator consolidation
needs for OD value maximisation. Thirdly, the reviewed diversities of semantic
enrichment mention the impact on semantic capabilities and this points to the relevance
of semantic capabilities in the creation of knowledge resources. However, they are either
partially included or fully omitted in semantic enrichment frameworks that guide
semantic enrichment implementations. Overall, the reviewed semantic enrichment
frameworks are limited in answering the research question at hand, being:

What semantic enrichment framework could best support the implementation of

semantic publication and consumption of OD with potential for OD value

(knowledge) creation maximisation?
Therefore, this research proposes the semantic enrichment approach that leverages on
the combination of the maximal expressiveness of ontologies and the integration
capabilities of LOD to maximise on OD value (knowledge) creation potential. Specifically,
the semantic enrichment transforms textual values to semantic values which are bound
to ontology constructs and also linked to other values in the Web of Data. The insights
from the research literature revelations were applied in the design and development,
demonstration, and finalisation of the semantic enrichment framework (Chapters Five to

Eight).
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CHAPTER THREE: RESEARCH METHODOLOGY

3.1 Introduction

The design science approach, due to its focus on creations that address human needs, was
preferred for this research which addresses human needs, semantic value creation needs.
Design science specialises in the development and evaluation of Information Technology
artifacts intended to solve identified organisational problems [108]. An artifact is any
designed object which embeds a research contribution. This research adapted the Design
Science Research Methodology for Information Systems Research proposed by Peffers,
Tuunanen, and Rothenberger [108] for the suitability of its detailed step-by-step design
and development orientation. This specific methodology involves the design and
development of Information Systems artifacts for various purposes, including the
attempt to: get a better understanding and/or improvement of the functioning of some
Information Systems features, solve observed problems, make research contributions,
evaluate the designs, and communicate the results to appropriate audiences [108]. Its

detailed description and adaptation are discussed below.

3.2 Description of the Design Science Research Methodology for

Information Systems Research

The Design Science Research methodology for Information Systems research comprises
six activities implemented in the following order [108]:

e Activity 1 - Problem identification and motivation,

e Activity 2 - Definition of objectives for a solution,

e Activity 3 - Design and development,

e Activity 4 - Demonstration,

e Activity 5 - Evaluation, and

e Activity 6 - Communication.
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3.2.1 Activity 1: Problem Identification and Motivation

Activity 1, problem identification and motivation involve the definition of a specific
research problem and justification of the value of the proposed solution. The problem
definition serves as the basis for the development of the artifact. For effective
conceptualisation of the problem, it is broken into smaller pieces to facilitate an in-depth
analysis from different dimensions for a balanced and holistic solution. Moreover,
justifying the value of a solution motivates the researcher and the research audience to
pursue the solution and to accept the results. It also helps to appreciate the researcher’s
understanding of the problem. Resources required for Activity 1 include knowledge of

the problem and the importance of its solution [108].

3.2.2 Activity 2: Definition of Objectives for a Solution

Activity 2, definition of objectives for a solution involves the formulation of solution
objectives based on the problem definition and the knowledge of what is possible and
feasible. Thus, solution objectives should be inferred rationally from the problem
specification. Objectives can either be quantitative (for a quantitative research) or
qualitative (for a qualitative research). Quantitative objectives provide specific terms that
show how the proposed solution would be better than existing ones while qualitative
objectives provide specific description of how the proposed artifact is expected to
support solutions to problems not addressed. Resources required for Activity 2 include

knowledge of the problem state and existing solutions, if any, and their efficacy [108].

3.2.3 Activity 3: Design and Development

Activity 3, design and development pertains to the determination of the functionality and
architecture of the new artifact, followed by the creation of the actual artifact. A design
artifact maybe in the form of constructs, models, methods, instantiations, and new
properties of technical, social, and/or informational resources. Resources required for

Activity 3 include knowledge of theory to serve as the basis for solution design and

development [108].
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3.2.4 Activity 4: Demonstration

Activity 4, demonstration involves the application of the artifact to solve one or more
instances of the problem [108]. In the design science paradigm, the building and
application of the designed artifact is paramount to acquiring knowledge and
understanding of a problem domain and its solution [109]. The demonstration of the
artifact could involve its use in experimentation, simulation, case study, proof, or other
appropriate activity. Resources required for Activity 4 include effective knowledge of

how to use the artifact to solve the problem [108].

3.2.5 Activity 5: Evaluation
Activity 5, evaluation involves the observation and measurement of how well the artifact
supports a solution to the problem [108]. According to Venable, Pries-Heje and
Baskerville [110], evaluation is what constitutes the Science in Design Science, without
which results unsubstantiated design theory or hypothesis that some developed artifact
will be useful for solving some problem or making some improvement. There are
numerous aims for evaluation of either a design artifact or its instantiation or the
formalised knowledge about it, including [110]:

e to establish its utility and efficacy for achieving its stated purpose;

e to compare it to other designed artifacts’ ability to achieve a similar purpose;

e to explore the side effects or undesirable consequences of its use; and

e to identify its weaknesses and areas of improvement.
This activity involves comparing the objectives of a solution to actual observed results
from use of the artifact in the demonstration. The evaluation pertains to the production
of any appropriate empirical evidence or logical proof and could take many forms
depending on the nature of the problem and the artifact. It could involve comparison of
the artifact’s functionality with the solution objectives from activity two above, objective
quantitative performance measures, such as budgets or items produced, the results of
satisfaction surveys, client feedback, or simulations. It could include quantifiable
measures of system performance, such as response time or availability. At the end of this
activity, the research nature determines the feasibility of iterating back to step three to

improve the effectiveness of the artifact or to proceed to communication and leave
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further improvement to subsequent projects. Activity 5 requires knowledge of relevant

metrics and analysis techniques [108].

3.2.6 Activity 6: Communication
Activity 6, communication involves sharing the problem and its importance, the artifact,
its utility and novelty, the rigor of its design, and its effectiveness to researchers and other

relevant audiences. Activity 6 requires knowledge of the disciplinary culture [108].

3.3 The Adapted Design Science Research Methodology

The artifact produced in this research is a framework. The nature of this framework is
best described by Mattsson and Bosch asa [111]:

Reusable design of a system comprising a set of abstract classes of components and

their relationships, representing a foundational structure for the development of

systems and applications.
To align with the qualitative nature of the research, the Design Science Research
methodology was adapted for the design and development of the framework. For the
definition of the knowledge scope, the genre of inquiry of Design science knowledge
approach adopted from the Genre of Inquiry Framework is the Idiographic Design (ID)
Knowledge which pertains to application of design knowledge and methods to produce
an ideal artifact for a specific purpose [112]. This involves the generation of knowledge
necessary for the research and development of an individual product and the artifact to
be developed serves to embody or materialise this knowledge. The adapted methodology
provides specific description of how and why the proposed artifact was developed and
demonstrates the degree it is expected to support solutions to the semantic publication
and consumption needs at hand. The research adopted a pragmatic paradigm involving
the use of mixed methods in the practical exploration of semantic enrichment framework
with potential for OD value (knowledge) creation maximisation. So, the adapted Design
Science Research methodology was customised to the design and development needs of
this research in numerous ways discussed below.
The first adjustment affected all framework activities. The activity categorisation of the
research work was replaced with the phase categorisation. This adjustment was made to

differentiate between the main research activities and research implementation activities
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in research presentations. The research work spanned different incremental phases
comprising the main research activities that represent the research objectives outlined
in Section 1.5. Each phase involved a series of sub-activities implementing the main
research activity (research implementation activities).
The other adjustments are specific to individual activities. The first activity pertaining to
problem identification and motivation was customised to the framework scope to give the
research work more focus. So, Phase 1, framework needs identification involved the
identification of semantic publication and consumption needs for the preliminary
semantic enrichment framework design. The needs that were identified in the
development agenda domain embraced problem identification and motivation. The
second activity pertaining to the definition of objectives for the solution was included in
phase 1. The third activity pertaining to design and development of the artifact was
adjusted to framework design and development and constitutes phase 2 of this research.
The fourth activity pertaining to the demonstration of the artifact was presented as
framework demonstration and constitutes phase 3 of this research. The fifth activity
pertaining to the evaluation of the artifact was customised to framework evaluation and
partly constitutes phase 4 of this research. To address the nature of this research which
necessitates the preliminary framework to be refined for reusability in other related
domains, phase 5 was added to include post-evaluation framework processing activities
performed on the basis of evaluation results, framework finalisation activities.
Framework finalisation constitutes phase 5 of this research. Lastly, the sixth activity
pertaining to the communication of the artifact was replaced with what matters most for
aresearch toward PhD qualification, the research contribution. Thus, the communication
activity was replaced with the presentation of the main research contribution, the final
research artifact, together with framework implementation support tools. Therefore, the
adapted Design Science Research methodology for this research is as follows:

e Phase 1 - Framework needs identification,

e Phase 2 - Framework design and development,

e Phase 3 - Framework demonstration,

e Phase 4 - Framework evaluation, and

e Phase 5 - Framework finalisation.
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Following is a detailed discussion on what is entailed in each methodology phase.

3.3.1 Phase 1: Framework Needs Identification
Phase 1, framework needs identification pertained to the identification of framework
needs for the preliminary semantic enrichment framework design. This involved
specification of framework scope and functionality modelling elements. The needs were
identified through flat text resource reviews, i.e., pdf, Word, excel. All reviews were
according to the content analysis method (RM1) which involved the following activities:
e The search for certain terms, concepts, keywords and themes in flat text
resources, followed by,
e The gathering of relevant domain knowledge related to the topic at hand, and
finally followed,
e The inference and extraction of framework needs, specifically, semantic
publication and consumption needs.
On the one hand, the aim of content analysis for semantic consumption needs was to
establish the OD support needs for the implementation of Botswana’s national agendas.
So, the review was conducted to identify OD support needs for the implementation of the
Vision Agenda and the NDP Agenda from Vision 2036 (Pillar 1) and NDP 11
documentations [6], [7]. On the other hand, the aim of content analysis for semantic
publication needs was to establish the future OD program, OD presentation and
representation needs. First, the Botswana OD Readiness Assessment Survey Report
which documents the road map to future OD publications was reviewed for Botswana'’s
OD program goals [14]. Second, the review of OD presentation needs pertained to an
assessment of the current OD publication system (‘as-is’ system) in terms of OD
presentation structure and format. The review was based on Statistics Botswana’s data
portal and other metadata documentations for the agendas that constitute the Botswana
Integrated Indicator Framework being Vision Agenda, NDP Agenda, Africa Agenda, and
the global and domesticated SDG Agenda documentations [5], [6], [8], [9], [10], [113].
Third, the OD representation needs were identified from all the documentations above
and the SDGs National Baseline Indicator Framework proposal documentation [13].

Additional OD representation needs were identified from a diversity of published
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literature on performance indicator semantic representations. Phase 1 implementation

is documented in Chapter Four.

3.3.2

Phase 2: Framework Design and Development

Phase 2, framework design and development pertained to the design and development of

architectural structure and functionality for the conceptual model on the basis of the

preliminary semantic enrichment framework design needs identified in phase 1. The

generic conceptual framework development method by the Northcentral University

[114] was adapted for the design and development of the preliminary semantic

enrichment framework. The generic conceptual framework development method is as

follows:

Step 1 - Review of the body of literature to identify key concepts used by other
studies, to determine what has been done by other researchers, and to determine
what needs to be done;

Step 2 - Identification of framework variables, concepts, theories, and existing
frameworks explained in the relevant literature;

Step 3 - Conceptualisation of how the identified variables, concepts, theories, and
facets of existing frameworks integrate to shape the problem; and

Step 4 - Creation of a graphic representation of the framework.

This method was adapted for the development of the preliminary semantic enrichment

framework and applied as follows (RM2):

Step 1 - Review of research literature on semantic enrichment entities
comprising processes, approaches, capabilities, techniques, technologies and
their relations;

Step 2 - Identification of semantic enrichment framework entities, elements and
their relations; and

Step 3 - Generation of the conceptual semantic enrichment framework which
involved the grouping of identified entities into components based on identified
relationships and finally, the development of the framework from a combination

of these components.
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The preliminary semantic enrichment framework was contextualised to the semantic
publication and consumption needs for the Botswana development agenda domain.

Phase 2 implementation is documented in Chapter Five.

3.3.3 Phase 3: Framework Demonstration

Phase 3, framework demonstration involved the discovery of specifications on the
semantic value creation approach, process and semantic valuation elements to be
factored into the final framework design. The implementation of the framework
components was on the basis of the identified potential framework entities. The main
component of this inductive qualitative study consisted of the artifact construction to
serve as proof of concept, in the form of a one cycle design [115]. This design comprised
a composite artefact with two main components, the semantic enrichment approach
component (Demonstration 1 - documented in Chapter Six) and the semantic enrichment
implementation component (Demonstration 2 — documented in Chapter Seven) founded
on the architectural design pillars of semantic value creation processing, semantic value
creation maximisation approach and semantic valuation. Demonstration 1 made use of
two methodologies, one involving the choice of generic ontologies and that which

involved the development of a custom domain ontology.

Methodology for the Choice of Generic Ontologies (Demonstration 1)
The first demonstration pertained to the framework base component, the semantic
enrichment approach component which involved the choice of generic ontologies and the
development of a custom domain ontology. The selection of generic ontologies involved
the identification of potential ontology targets to be used in the enrichment of semantic
capabilities. In doing so, this research adapted the Enrichment and Evaluation
methodology proposed by the Europeana Task Force [116].
The Enrichment and Evaluation methodology comprises the following steps [116]:

e Analysis of source data - gathering knowledge on issues regarding topic coverage,

gaps, and data quality;
e [dentification of the enrichment requirements - definition of expected results;

e Finding datasets available on the Web;
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Selection of the enrichment targets - choice of applicable targets on the basis of the
following criteria:

o Availability and Access - selection of targets on the basis of Web availability
and compliancy with the Linked Data Standard of publication which
requires that the targets be reusable under an open licence,

o Granularity and Coverage - selection of targets that have the same coverage
as that of the source data or that can complement the source data,

o Quality - consideration of the quality of the target in terms of semantic and
data modelling features,

o Connectivity - selection of targets with incoming and outgoing links to other
targets, and

o Size - consideration of the size of potential targets.

Testing the selected target on a sample of source data - verifying the target scope
and quality to ensure that it covers the source data and does not introduce

semantic ambiguities.

The Enrichment and Evaluation methodology is generic in nature and so it was

customised to the chosen type of vocabulary for semantic enrichment, ontology. The

adapted Enrichment and Evaluation methodology (RM3) was applied in four phases as

follows:

Phase 1: Analysis of source data and metadata resources for ontology search
literals (constructs);

Phase 2: Identification of ontology enrichment requirements;

Phase 3: Search for potential ontology targets; and

Phase 4: Selection of suitable ontology targets — the selection criteria was mainly
based on the following four dimensions:

o Availability - selection of suitable ontology targets on the basis of the
following: 1) Web availability which involves the testing of potential
ontology targets to ensure that they are technically available on the Web;
2) consideration of potential ontology targets’ compliancy to the Linked
Data best practices; and 3) consideration of the availability of proper

ontology documentations,
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o Coverage - selection of suitable ontology targets based on the precision of
meaning and the degree of expressivity of the ontology properties,

o Quality - selection of suitable ontology targets based on the structure and
representation of potential ontology targets. Selected ontologies must be
self-descriptive and each property or concept must have a label, a
definition and a comment, and

o Value representation - selection of suitable ontology targets on the basis of
the more preferred semantic value creation variables — semantic structure

(syntax) and semantic meaning (semantics).

Methodology for the Development of Custom Domain Ontology (Demonstration 1)

The second ontology implementation involved the development of a custom domain
ontology (NPIOnto) according to the adopted METHONTOLOGY approach. The
METHONTOLOGY approach has six phases pertaining to the specification, knowledge
acquisition, conceptualisation, integration, implementation, and evaluation of the
ontology as originally proposed by Fernandez-Lopez, Gomez-Pérez and Juristo [117].
The specification phase involves the production of either an informal, semi-formal or
formal ontology specification document written in natural language, using a set of
intermediate representations or using competency questions, respectively.
METHONTOLOGY specification includes: a) the purpose of the ontology outlining its
intended uses, scenarios of use, and end users; b) the level of formality of the
implemented ontology; and c) the scope of the ontology defined by the set of terms to be
represented, their characteristics and granularity [117]. The knowledge acquisition phase
involves knowledge elucidation from different knowledge sources such as experts, books,
handbooks, figures, tables and other ontologies. Knowledge is gathered through
techniques such as brainstorming, interviews, formal and informal analysis of texts, and
knowledge acquisition tools. The final product is a list of terms and their meaning [117].
The conceptualisation phase involves the structuring of domain knowledge into a
conceptual model that describes the problem and its solution in terms of the domain
vocabulary identified in the ontology specification activity. The first activity involves the
building of a glossary of terms representing a collection of domain knowledge and its

meanings i.e., concepts, instances, verbs and properties. That is followed by the grouping
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of terms into closely related sets of concepts and verbs. For each set of related concepts
and related verbs, a concepts classification tree and a verbs diagram is built [117]. The
integration phase involves the identification of definitions already built into other
ontologies for reuse. This is done by first, carrying out an inspection of existing ontologies
to select those that better fit the conceptualisation needs at hand. This is to ensure that
the sets of new and reused definitions are based upon the same set of basic terms. If
existing ontologies are not appropriate for the ontology needs at hand, that necessitates
the definition and implementation of a new meta-ontology in a formal language [117].
The implementation phase involves the choice of an environment that supports the
custom ontology development and the integration of ontologies selected at the
integration phase. The result of this phase is the ontology codified in a formal language
[117]. Lastly, the evaluation phase involves the technical judgment of the ontologies. The
evaluation term subsumes the terms verification and validation. Verification refers to the
technical process that guarantees the correctness of an ontology while validation

assesses the ontologies for correspondence to systems they represent [117].

The application of the METHONTOLOGY approach in this research was according to all
the phases described above, except for one, the integration phase. This phase was
removed as it is already covered in the demonstration 1 methodology outlined above
which pertains to the choice of generic ontologies. In addition, the implementation phase
was renamed to formalisation phase to be more specific on the type of implementation.
Following, is the detailed description of the application of the METHONTOLOGY approach
(RM4) in this research.

The specification phase involved the statement of the ontology purpose in terms of
ontology goal, scope and intended use. The statement of the ontology goal pertained to
the specification of the aims and objectives of the ontology. The statement of the ontology
scope pertained to the definition of the ontology knowledge domain and the specification
of the boundaries for domain coverage. The intended use of the ontology was described
in terms of its potential applications. All these were derived mainly from the OD
representation (ontology) needs identified in Phase 1. The implementation of this phase

is documented in Subsection 6.3.1.
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The knowledge acquisition phase pertained to the analysis of data sources gathered in

Phase 1 for ontology concepts, attributes and relationships. This phase involved the

collection and understanding of information from a wide range of sources central to the

ontology domain. This phase served as a checkpoint to assess the goal and scope

definition and to refine them. This phase was conducted mainly through content analysis

method which involved the following four steps:

e Step 1: Identification of statements of interest from domain documentations,

e Step 2: Analysis of the statements to derive concepts and their relationships,

e Step 3: Identification of modelling specification for the concepts and their
relationships from the metadata resources, and

e Step 4: Creation of flat text resources based on concepts per agenda performance
variable.

The output of this phase comprised collections of domain knowledge on NPIs in flat text

format (spreadsheets). The implementation of this phase is documented in Subsection

6.3.2.

The conceptualisation phase pertained to the initial structuring of the ontology on the

basis of the information collected in the specification and knowledge acquisition phases.

This phase focused on the conceptual definition of the ontology and involved the

preliminary modelling of the ontology, specifically, the design and development of the

lightweight ontology. That is, collections of concepts, their attributes and relation

definitions were converted to visual knowledge model representation. Therefore, the

output of the conceptual phase comprised the NPIOnto scope model and the lightweight

version of the knowledge model. The implementation of this phase is documented in

Subsection 6.3.3.

The formalisation phase involved the codification of both the consolidated knowledge

model (schema) and the knowledge base (individuals or specific entities in the universe

of discourse). That is, the light weight model was extended into heavy weight model. The

formalised knowledge model comprises classes and relating object and data properties,

individuals and axioms. This phase is documented in Subsection 6.3.4.

The evaluation phase involved the assessment of the effectiveness of ontology in two

ways. The first evaluation, the design effectiveness evaluation was conducted to assess
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the effectiveness of the ontology design with the use of metrics that evaluated both the
knowledge model (schema) and the knowledge base (instances) designs (Subsection
6.3.5). The second evaluation, the functionality effectiveness evaluation was conducted
to assess the performance effectiveness of the ontology when deployed in its intended

settings (Subsection 7.4.2).

Methodology for Semantic Enrichment (Demonstration 2)

The second demonstration was according to the preliminary ODSE Framework (Chapter
5), pertaining to the ODSE pre-processing, processing and post-processing based on the
ODSE approaches chosen for the demonstration (RM5). The ODSE pre-processing stage
pertained to the gathering and transformation of input data. That was followed by the
ODSE processing stage which involved the ontology and data enrichment processing.
Last, was the ODSE post-processing which pertained to the output integration and
deployment for mining. The knowledge mining (harvesting or extraction) approach
involved comparisons of the effectiveness of the semantic value creation potential given
a specific ODSE approach. The harvesting of semantic value from knowledge resources -
knowledge mining was conducted through queries issued and evaluated over SPARQL
endpoint. The mining method adopted the black box testing approach which involved the
formulation of logical deductions as proof of the impact of semantic enrichment based on
the mining output for a given mining case. The purpose of the evaluation of knowledge
resources was to establish the semantic capabilities value-added to OD through semantic
enrichment — semantic enrichment effectiveness. Specifically, the evaluation involved a
comparison of the generic and the domain knowledge resources to determine the ODSE
approach with maximal semantic capabilities value-adding and knowledge mining
potential, demonstrated by the knowledge resource’s degree of accessibility,

understandability, interoperability, integrability and intelligibility capabilities.
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3.3.4 Phase 4: Framework Evaluation

Phase 4, framework evaluation pertained to framework verification (implementation
documented in Section 8.2) and framework validation (implementation documented in
Section 8.3).

Framework verification, in this research context, pertains to the manual reviews of the
framework through reconciliation of preliminary semantic enrichment framework
elements and processes to the actual implemented elements and processes in-order to
assess the level of framework completeness and cohesiveness. It was conducted
according to the ODSE Framework verification method (RM6) according to which reviews
of the completeness of the preliminary framework process elements involve the manual
assessment of the degree of inclusion of all semantic enrichment entities comprising
processes, approaches, capabilities, techniques, technologies and their relations for each
framework stage. Reviews of the cohesiveness of framework elements involve manual
assessment of processes for the degree of connectivity and flow of both the individual
stage elements and the integrated elements per process for all stages.

Framework validation, in this research context, pertains to the assessment of the
effectiveness of the semantic enrichment framework, semantic value assessment. As this
research is of a qualitative nature, framework validation uses qualitative measurements,
specifically, qualitative rating schemes based on knowledge resources’ demonstration of
certain traits/attributes and behaviour. That is, performance measurements are
expressed in relation to use impact, specifically, they are derived from the logical analysis
and deductions of the processes and data attributes and behaviour under given test case
dynamics. This evaluation approach is based on the current qualitative approach where
OD value is qualitatively derived from use and reuse impact - the highly valuable, unvalued
asset challenge (discussed in Subsection 2.2.2) due to the difficulty or impossibility of
quantifying data value through formal methodologies.

The ODSE Framework validation method (RM7) was developed to guide the validation of
the ODSE framework. This method adopts a holistic approach to semantic value
assessment that pertains to the integrated evaluation of the ODSE Framework as a single
unit. The assumption for the integrated stages evaluation is that the effectiveness of the

entire ODSE Framework takes into consideration all processing for each stage and per
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semantic value creation approach. As illustrated in Figure 3.1, the ODSE Framework
validation method embraces the entire ODSE Framework and involves a comparison of
the semantic capabilities for the ODSE Framework input (Stage 1), processing (Stage 2)
and output (Stage 3).

Vs ™~ \
Stage 1 Validation ' Stage 2 Validation Stage 3 Validation ‘
Stage 1 Input [Disintegr. Raw Resources] | | Stage 2 Input [integr. Raw Resources] Stage 3 Input [Disintegrated Resources]
. HTML graphical tables (1-Star) 2-star OD resources (excel format) e Generic knowledge resources
. Text tables (1- star) Stage 2 Processing e Domain knowledge resources
*  PDF formats {1-Star) Resource Reconciliation & RDFization for Stage 3 Processing
s Excel formats (2-Star) resource linkage to standard vocabulary Resource interlinkages & other processing
. XML format (3-Star) (4-Star OD resources) for deployment & use (4-Star OD resources)
Stage 1 Processing Stage 2 Output [Disintegrated Resources] || Stage 3 Output [Integrated Resources]
Conversion of all 1-star OD resources (text, *  Generic knowledge resources e Generic knowledge resources
tabular, graphical, and PDF) to 2-star OD . Domain knowledge resources «  Domain knowledge resources
resources (excel) Stage 2 Validation Question Stage 3 Validation Question
Stage 1 Output [integr. Raw Resources] To what degree does Stage 2 processing To what degree does Stage 3 processing
Flat text OD resources (Spreadsheets) facilitates the creation of OD value facilitates the creation of OD value
Stage 1 Validation Question (knowledge) and semantic capabilities? || (knowledge) and semantic capabilities?
To what degree does Stage 1 processing
facilitates the creation of OD value
\\(knuwledge) and semantic capabilities? I I\ Y.

Note: Disintegr. = Disintegrated; Integr. = Integrated

Figure 3. 1: Summary of ODSE Framework Validation Method

Figure 3.1, illustrates the holistic approach to semantic value assessment that pertains to
the integrated evaluation of the ODSE Framework input, processing and output stages as
a single unit. The assumption for the integrated stages evaluation is that the effectiveness
of the entire ODSE Framework takes into consideration all processing for each stage per
semantic enrichment approach. The semantic enrichment validation question per ODSE
stage reflected in Figure 3.1, seeks to establish how the framework implementation
output for each framework stage fulfils the ODSE Framework intent. The ODSE
Framework intent is to create knowledge and semantic capabilities through the addition
of syntax and semantics to augment flat text OD resources with metadata and to improve
OD accessibility (structure, classification, organisation and presentation to enable search,
query and discovery), understandability (disambiguation and clarity), interoperability
(linkage compatibility), integrability (connectivity), and intelligibility (analysis and
comparability - comprehensiveness of data for analysis). Therefore, the validations

assesses the input and output of each ODSE stage for the formation of these five

capabilities.
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There are two alternative tools that this research devised for the assessment of
effectiveness of each individual ODSE Framework stage processing. The first proposed
candidate tool for ODSE Framework validation is the semantic capabilities assessment
model (Table 3.1) provides a mechanism for assessment of the degree of OD/semantic
publication and consumption effectiveness in terms of semantic capabilities
(accessibility, understandability, interoperability, integrability and intelligibility) value-
added to OD resources at each individual level of semantic value creation
implementation. This semantic value assessment tool is a qualitative matrix in the form
of a 5-point rating scheme of OD publication and consumption effectiveness, derived from
a combination of semantic capabilities and Tim Berners-Lee’s 5-Star deployment scheme
for Linked Data illustrated by Figure 2.11 in Section 2.4. The model is shown in Table 3.1.

Table 3. 1: Semantic Capabilities Assessment Model

Semantic Capabilities
Accessibility, Understandability, Integrability, Interoperability &

Intelligibility
Open Data 5-Star Open Data Open Data Publication Open Data Consumption
Publication Rating Publication Features Effectiveness Rating Effectiveness Rating
1-Star (e.g., pdf) Open License Lowest Lowest
2-Star (e.g., Excel) Open License Low Low
Machine Readable
3-Star (e.g., CSV, XML) = Open License Moderate Moderate

Machine Readable
Open Format
4-Star (URI link) Open License High High
Machine Readable
Open Format
Uniform Resource Identifier
5-Star (Linked) Open License Highest Highest
Machine Readable
Open Format
Uniform Resource Identifier
Linked Data

The use of variables in Table 3.1 in the context of this research are described as follows:
e Semantic capabilities refer to attributes added to raw flat text OD through
structural and contextual modifications to enhance some specific
functional/operational qualities, demonstrated by the resource’s degree of
accessibility, understandability, interoperability, integrability and intelligibility
capabilities,
e Open Data 5-Star Publication Rating is the 5-Star deployment scheme for Linked
Data (detailed in Section 2.4),
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e Open Data Publication Features are publication attributes that determines OD
publication ratings,
e Open Data Publication Effectiveness Rating is defined in terms of the 5-Star
deployment scheme for Linked Data,
o Rates for different degrees of minimum level — lowest and low,
o Rates for different degrees of maximum level — high and highest, and
e Open Data Consumption Effectiveness Rating refers to the knowledge creation,
mining and use rating and is defined in terms of the Open Data Publication
Effectiveness Rating. The rating scheme assumes that publication effectiveness has
direct impact on consumption effectiveness —the direct impact assumption. On this
premise, the publication effectiveness rates also represent consumption
effectiveness rates.
As reflected in Table 3.1, the 5-Star publication scheme (column 1) described by
publication features in column 2 is assigned qualitative rates for publication effectiveness

(column 3) that also represent consumption effectiveness (column 4).

The second proposed candidate tool for ODSE Framework validation is the semantic
usability assessment model, an extension of the semantic capabilities assessment model
(Table 3.1). It adds the richness and mining value attributes to the enrichment value
attributes for the semantic capabilities assessment model. Thus, the semantic usability
assessment model provides the mechanism for assessment of semantic value-adding and
value-added potential to OD resources at each level of semantic value creation
implementation in terms of the enrichment, richness and mining value attributes. It is a
qualitative matrix in the form of a 5-point rating scheme of OD publication and
consumption effectiveness, derived from a combination of semantic usability attributes

and Tim Berners-Lee’s 5-Star deployment scheme for Linked Data.
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4-Star
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OD Resource

Type of Knowledge Resource
Figure 3. 2: Semantic Usability Assessment Model

Overall, as depicted in Figure 3.2, this model is for the assessment of the degree of
semantic usability impact on semantic value (knowledge) creation potential and usability
effectiveness of a given OD resource in terms of the resources’ enrichment, richness and
mining attributes. The semantic value variable is a qualitative measurement value of OD
publication rating defined in terms of the 5-Star deployment scheme for Linked Data
comprising rates for different degrees of minimum level (lowest and low), moderate level
(average) and maximum level (high and highest) rating scale. This rating scheme assumes
that the publication rating has a direct impact on the consumption rating — the direct
impact assumption. On this premise, the Linked Data publication rates also represent the
Linked Data consumption rates. The semantic value variable is presented in relation to
the independent measurement variable which pertains to the different types of OD
publications, type of knowledge resource, expressed in terms of Tim Berners-Lee’s 5-Star
deployment scheme for Linked Data (1-, 2-, 3-, 4- & 5-star OD publications). The 5-Star
ranking is on the basis of the resource fulfilling the semantic publication standard

features of being published in the Web of Data: 1) having an open license, 2) being
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machine readable, 3) being presented in an open format, 4) having URI linkages, and 5)
having Linked Data linkages. The semantic value variable is also presented in relation to
the dependent measurement variable that pertains to the degree of semantic value
(knowledge) creation potential. Moreover, the semantic value variable is presented in
relation to the dependent measurement variable that pertains to the degree of
effectiveness of semantic usability (semantic attribute measure). The semantic attribute
measure comprises publication attributes that determine OD publication ratings and are
assigned qualitative rates for publication effectiveness and constitutes the semantic
usability attribute variable. The semantic usability attribute variable comprises the
semantic enrichment, richness and mining attributes, the basis for assessment of the
semantic measurement values for both the independent and dependent variables. The
semantic usability attribute variable is the enabler of OD publication and consumption,
thus, the determinant of semantic value variable. The enrichment attribute variable is
expressed in the form of semantic capabilities, the functional /operational qualities added
to raw flat text OD through structural and contextual modifications, demonstrated by the
resource’s degree of accessibility, understandability, interoperability, integrability and
intelligibility capabilities. The richness attribute variable is expressed in terms of
structure and context and the mining attribute variable in terms of mining scope and link
structure form.

Drawn from this graphical model are five potential applications. First is the knowledge
resource grading/rating application drawn from the relation between the semantic
attribute variable and the knowledge resource variable. This application pertains to the
assignment of rates to semantic usability attributes for a given type of knowledge
resource. Second is the resource selection application drawn from the relation between
the knowledge resource, semantic usability attribute and the knowledge creation
dependent variables. The application pertains to the selection of knowledge resources
with appropriate semantic usability attributes for a given target of semantic value
(knowledge) creation rating. Third is the resource selection application drawn from the
relations between the knowledge resource, semantic usability attribute and the semantic
attribute measure variables. This application pertains to the selection of knowledge

resources with appropriate semantic usability attributes for a given target of semantic
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usability effectiveness rating. Fourth is the resource evaluation application drawn from
the relation between the semantic attribute measure variable and the knowledge
resource variable. The application pertains to the evaluation of the degree of
effectiveness of semantic usability (both publication and consumption effectiveness) for
a given type of knowledge resource. Last, is the resource evaluation application drawn
from the relation between the knowledge creation dependent variable and the
knowledge resource variable. This application involves the evaluation of the degree of
semantic value (knowledge) creation potential for a given type of knowledge resource.
For all potential semantic usability applications, semantic values are expressed in terms

of the minimum, moderate and maximum rating scale.

3.3.5 Phase 5: Framework Finalisation

Phase 5, framework finalisation pertained to the framework redesign for application in
similar scenarios. This involved the conformation of the preliminary ODSE Framework
design for generic application in the development agenda domain (implementation
documented in Section 8.4). So, from the three basic forms of reasoning underlying the
adapted Design Science Research methodology, being, deduction, induction and
abduction as proposed by [118], this research adopted the induction form. This is the
bottom-up approach to reasoning that involves making general inferences or premises or
conclusions from specific observations or applications or demonstrations. So, the final
ODSE Framework was generalised on the basis of the Botswana case study
demonstration and framework evaluation findings. This involved the preliminary ODSE
Framework redesign into a generic model on the basis of the framework demonstration
and evaluation (verification and validation) findings.

In addition, the ODSE Framework was augmented with seven models developed to serve
as the ODSE Framework implementation support tools, comprising, three reference
models and four assessment models. On the one hand, the domain scoping models were
developed according to the generic conceptual framework development method
described in Subsection 3.3.2. On the other hand, a pragmatic paradigm was adopted in
the development of semantic valuation models to address the current lack of semantic
value assessment tools for semantically enriched OD resources, knowledge resources.

The proposed semantic valuation models were deduced from the semantic value creation
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demonstration which was targeted at the three dimensions to semantic value creation
represented by the three sub-questions above. The models were developed according to
Semantic Valuation Tools Development Method (RM8), implemented in three steps as
follows. The first step (Step 1) involved the semantic value creation demonstration. The
demonstrations adopted the Ontology-Driven Semantic Enrichment Framework (ODSE
Framework) [119] which embodies the semantic value creation solution with a provision
for semantic usability assessment. On the one hand, the ODSE Framework was applied in
the process of semantic value creation to build semantic structure and context in flat text
resources so as to create knowledge (semantic product) and semantic capabilities
(syntax product). Specifically, it was applied in the conversion of flat text resources
published in formats with limited semantic capabilities (i.e., pdf, HTML, image and
spreadsheet) into knowledge resources with semantically enhanced capabilities (rich
semantic formats) to improve semantic publication and consumption effectiveness. On
the other hand, the semantic usability assessment model (Subsection 3.3.4 - Figure 3.2)
was applied in the evaluation of semantic publication and consumption effectiveness. The
second step (Step 2) involved the identification of semantic value creation variables,
attributes, relationships and capabilities from the knowledge mining findings (Step 1) to
serve as the basis for the design of the models. That was followed by the third step (Step
3) which pertained to the actual design of the models, involving the graphical
representations of semantic value creation variables, attributes, capabilities and
relationships in the form of semantic value dependent and independent variables, as well
as, semantic attribute measure variables. The detailed discussions of these steps are as
follows.

Step 1: Semantic Value Creation Demonstration

Semantic value creation implementation was conducted to build semantic capabilities
and augment knowledge in the resulting ontology enriched OD resources (knowledge
resources), in the form of contextual and structural additions to flat text resources.
Knowledge resources were produced according to the ODSE Framework described in the
method section. That was followed by the exploration of semantic enrichment output
(knowledge resources) through two test case scenarios with the use of the semantic

usability assessment model. Finally, insights from the semantic value creation
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demonstration findings were drawn out to serve as the basis for the development of the
proposed semantic valuation models. Following is an overview of the entire processing.

Step 2: Identification of Semantic Value Creation Variables, Attributes,
Relationships and Capabilities

From semantic value creation demonstration findings, semantic value creation variables,
attributes, relationships and capabilities were deduced from three dimensions - semantic
enrichment, richness and mining dimensions.

Semantic Enrichment Variables, Attributes, Relationships and Capabilities

Semantic value creation variables for the semantic enrichment assessment model were
identified as follows. First, the semantic value variable is a qualitative measurement value
for semantic enrichment comprising the minimum, moderate and maximum rating
scales. Second, the semantic value independent variable, the variable relating to the
method of enrichment is the type of semantic enrichment approach which comprises three
options being, no semantic enrichment, generic ODSE approach and domain ODSE
approach. Third, the dependent variables (publication and consumption measure)
pertain to the degree of semantic value (knowledge) creation potential and to the degree
of semantic enrichment effectiveness (semantic attribute measure). Fourth, the semantic
enrichment attribute variable (semantic value determinant) pertains to semantic
capabilities being accessibility, understandability, interoperability, integrability and
intelligibility.

The semantic enrichment relations are as follows. The first relation is between the
independent variable (type of semantic enrichment approach) and semantic attribute
variable (semantic value determinant variable). The type of semantic enrichment
approach determines the degree of formation of semantic enrichment attributes. The
second relation is between the type of knowledge resource and semantic attribute
measure variable. The knowledge resources differ according to the degree of
effectiveness of semantic enrichment. The third relation is between semantic attribute
variable and semantic attribute effectiveness measure variable. The level of semantic
enrichment attributes determines the degree of effectiveness of semantic enrichment.
That is, the minimum, moderate and maximum degrees of semantic capabilities is equal

the minimum, moderate and maximum degrees of effectiveness of semantic enrichment.
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The fourth relation is between the two dependent variables. The degree of effectiveness
of semantic enrichment has a direct impact on the degree of semantic value (knowledge)
creation potential. The fifth relation is between the independent variable and the two
dependent variables. The type of semantic enrichment approach determines the degree
of effectiveness of semantic enrichment and the degree of semantic value (knowledge)
creation potential. All relations are expressed in terms of semantic richness attributes
comprising semantic capabilities (accessibility, understandability, interoperability,
integrability and intelligibility)

Semantic Richness Variables, Attributes, Relationships and Capabilities

Semantic value creation variables for the semantic richness assessment model were
identified as follows. First, the semantic value variable is a qualitative measurement value
for semantic richness comprising the minimum, moderate and maximum rating scales.
Second, the independent variable, the variable relating to OD publication is the type of
knowledge resource comprising raw Open Data resource, generic knowledge resource
and domain knowledge resource. Third, the dependent variables (data publication and
consumption measure) pertain to the degree of semantic value (knowledge) creation
potential and the degree of effectiveness of semantic richness (semantic attribute
measure). Fourth, the semantic richness attribute variable (semantic value determinant)
is expressed in terms of structure (flat text vs semantic form) and context (flat text vs
semantic form).

The semantic richness relations are as follows. The first relation is between independent
variable (type of knowledge resource) and semantic attribute variable (semantic value
determinant). The type of knowledge resource determines the degree of formation of
semantic richness attributes. The second relation is between the type of knowledge
resource and semantic attribute measure variable. The knowledge resources differ
according to the degree of effectiveness of semantic richness. The third relation is
between semantic attribute variable and semantic attribute effectiveness measure
variable. The level of semantic richness attributes determine the degree of effectiveness
of semantic richness. That is, the minimum, moderate and maximum degrees of structure
and context is equal minimum, moderate and maximum degrees of effectiveness of

semantic richness. The fourth relation is between the two dependent variables. The
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degree of effectiveness of semantic richness has a direct impact on the degree of semantic
value (knowledge) creation potential. The fifth relation is between the independent
variable and the knowledge creation dependent variable. The type of knowledge resource
determines the degree of semantic value (knowledge) creation potential. All relations are
expressed in terms of semantic richness attributes comprising knowledge resource
structure and context.

Semantic Mining Variables, Attributes, Relationships and Capabilities

Semantic value creation variables for the semantic mining assessment model were
identified as follows. First, the semantic value variable is a qualitative measurement value
for semantic mining comprising the minimum, moderate and maximum rating scales.
Second, the independent variable (variable relating to OD publication) is the type of
knowledge resource comprising flat text resources, generic knowledge resource and
domain knowledge resource. Third, the dependent variables (data publication and
consumption measure) pertain to the degree of semantic value (knowledge) creation
potential and the degree of effectiveness of semantic mining (semantic attribute measure).
Fourth is the semantic mining attribute variable (semantic value determinant) expressed
in terms of mining scope (human vs machine); link structure form (hyperlink vs RDF);
link coverage scope (wide vs narrow); and knowledge coverage scope (shallow vs deep).
The semantic mining relations are as follows. The first relation is between the
independent variable (type of knowledge resource) and semantic attribute variable
(semantic value determinant). The type of knowledge resource determines the degree of
formation of semantic mining attributes. The second relation is between the type of
knowledge resource and semantic attribute measure variable. The knowledge resources
differ according to the degree of effectiveness of semantic mining. The third relation is
between semantic attribute variable and semantic attribute effectiveness measure
variable. The level of semantic mining attributes determines the degree of effectiveness
of semantic mining. That is, the minimum, moderate and maximum degrees of mining
scope, link structure form, link coverage scope and knowledge coverage scope is equal
minimum, moderate and maximum degrees of effectiveness of semantic mining. The
fourth relation is between the two dependent variables. The degree of effectiveness of

semantic mining has a direct impact on the degree of semantic value (knowledge)
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creation potential. The fifth relation is between the independent variable and the
knowledge creation dependent variable. The type of knowledge resource determines the
degree of semantic value (knowledge) creation potential. All relations are expressed in
terms of semantic mining attributes comprising mining scope (human vs machine); link
structure form (hyperlink vs RDF); link coverage scope (wide vs narrow); and
knowledge coverage scope (shallow vs deep).

Step 3: Graphical Representations of Semantic Value Creation Variables,
Attributes, Relationships and Capabilities

This is the design stage which involved the integration of identified semantic value
creation variables, attributes, relationships and capabilities into graphical
representations. Three semantic valuation models were developed to represent semantic
value variable (minimum, moderate and maximum) in relation to the independent
variable (type of knowledge resource/semantic enrichment approach), dependent
variable (the knowledge creation variable — degree of semantic value creation potential
and the semantic attribute measure variable — degree of effectiveness of semantic
attribute), semantic attribute variable and. The relationship between any of these
variables and the semantic value is what this research terms semantic valuation.

Lastly, framework finalisation was followed by the presentation of the final research
deliverable, the generalised ODSE Framework together with its implementation support

tools in Chapter Nine.

3.4 Research Limitations and Challenges

The structure of the domain knowledge for national agendas is not readily compatible
with knowledge representation. Also, the agenda documentations are not precise enough
for transformation into description logics. Above that, the presentation of the data does
not support system implementation, i.e., lack of unique identification codes for record
identification. In addition, the research only deals with published OD. There may be some
other unpublished data lying dormant in the hands of stakeholders. Furthermore, some
of the published data on the SDG Agenda is from old statistics. In fact what is published is
the baseline data ranges in years from 2006 to 2017. Moreover, data for most

performance indicators is missing. For instance, SDGs 12, 14 and 17 have no data at all.
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Lastly, the research scope is limited to the semantic structure and context of knowledge
resources. That is, semantic attributes (enrichment attributes - accessibility,
understandability, interoperability, integrability, intelligibility capabilities; richness
attributes and mining attributes); functionalities; and implementation support tools are

addressed at the semantics/meaning and syntax layers, not application layer.

3.5 Conclusion

The ODSE Framework development adapted the Design Science Research methodology
that was implemented in five phases pertaining to the identification of semantic
publication and consumption needs for the preliminary semantic enrichment framework
design and its design and development, demonstration, assessment, and finalisation. The
alignment of the adapted phases to the research questions, objectives, activities and

implementation methods is outlined in Table 3.2.
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Table 3. 2: Adapted Design Science Research Methodology Application Summary

Research Research Research Research Research
Phase Question (RQ) Objective (RO) Activity (RA) Method (RM)
Phase 1: RQ1: RO1: RA1: RM1:
Framework What are the To identify the Identification of Content Analysis
needs semantic semantic semantic consumption Method
identification publication and publication and needs
[Chapter Four]  consumption consumption RA2:
needs for the needs for the Identification of
preliminary preliminary semantic publication
semantic semantic needs
enrichment enrichment
framework framework design
design?
Phase 2: RQ2: RO2: RA3: RM2:
Framework What preliminary  To design and Design & development Adapted Generic
design and semantic develop the of the preliminary Conceptual
development enrichment preliminary framework Framework
[Chapter Five]  framework is semantic Development
derived from the enrichment Method
combination of framework
potential
semantic
enrichment
processes,
approaches,
capabilities,
techniques,
technologies and
their relations?
Phase 3: RQ3: RO3: Demonstration 1 RM3 (for RA4):
Framework What are the To demonstrate RA4: Adapted
demonstration findings of the the preliminary Selection of generic Enrichment and
[Chapter Six preliminary semantic ontologies Evaluation
(Demo 1) semantic enrichment RAS: Methodology
& enrichment framework Development of RM¢4 (for RAS5):
Chapter Seven  framework custom domain Adapted
(Demo 2)] demonstrations? ontology METHONTOLOGY
Demonstration 2 Approach
RA6: RMS5 (for RA6):
Semantic enrichment  Preliminary ODSE
pre-processing, Framework
processing, and post-
processing
Phase 4: RQ4: RO4: Framework RM6 (for RA7 & 8):
Framework What is the To evaluate the Verification ODSE Framework
Evaluation completeness, preliminary RA7: Verification
[Chapter Eight] cohesiveness and  semantic Evaluation of the Method
effectiveness of Enrichment completeness of the RM?7 (for RA9):
the preliminary framework preliminary ODSE Framework
semantic completeness, framework Validation Method
enrichment cohesivenessand  RAS8:
framework? effectiveness Evaluation of the
cohesiveness of the
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preliminary
framework
Framework
Validation

RA9:

Evaluation of the
effectiveness of the

preliminary
framework
Phase 5: RQ5: RO5: RA10: RMS8:
Framework What is the To finalise the Redesign of the Semantic Valuation
Finalisation reusability semantic preliminary semantic =~ Tools Development
[Chapter Eight] potential of the enrichment enrichment Method
semantic framework for framework for
enrichment reusability reusability based on
framework the preliminary
finalised on the framework
basis of the demonstration and
preliminary evaluation findings
framework
demonstration
and evaluation
findings?
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CHAPTER FOUR: FRAMEWORK NEEDS IDENTIFICATION

4.1 Introduction

This chapter presents Phase 1 in line with research activities specified in Table 3.2 that
pertaining to the identification of semantic value creation needs in the form of semantic
publication and consumption needs for the preliminary semantic enrichment framework
design. The aim of this phase was to conduct framework scoping so as to provide
justification and to assess the feasibility for the development of the ODSE Framework. It
was also to establish the semantic value creation scope and capability modelling for the

ODSE Framework design.

4.2 Identification of Semantic Consumption Needs

The identified semantic consumption needs are in relation to the OD support needs for
the implementation of Botswana’s national development agenda which outlines the
national strategic direction for Botswana, the Vision Agenda. It expresses Botswana’s
aspiration of transforming into a knowledge society founded on a knowledge-driven
economy [6], [120]. For this aspiration to be achieved, there is need for Botswana to
evolve from the current natural resources-driven economy to a knowledge resources-
driven economy. The core defining mark of knowledge-driven economies is that they
depend on the creation, structuring, sharing, use, diffusion, and recreation of knowledge
[120]. Therefore, the kind of economic and social transition aspired by Botswana is
practically viable and can only be facilitated and sustained by knowledge resources. This
in turn poses a need for Botswana to shift the social and economic investment focus from
natural resources to knowledge resources.

Though OD constitutes raw resource for the creation of knowledge resources, there is
lack of data-centric approaches toward knowledge resources’ production that caters for
Botswana’s semantic consumption needs. This poses a need for knowledge creation
models to leverage the current OD publications toward the implementation of the Vision
Agenda aspiration of transitioning to a knowledge-driven economy and society. So, a
detailed analysis of the Vision Agenda needs was carried out to figure out the degree of

the potential viability, as well as, to device the best approach of leveraging OD to address
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Botswana’s consumption needs. The output was a conceptual model of OD evolution to

open knowledge [120] shown in Figure 4.1.
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Figure 4. 1: Open Data Evolution Model [120]

Figure 4.1, the Open Data Evolution Model is the theoretical representation of the OD
support needs for the implementation of Botswana’s development agenda from a generic
perspective to demonstrate the feasibility of OD potential in driving a knowledge
economy and society, as well as, to map the OD pathway toward the achievement of a
knowledge society founded on a knowledge-based economy. It was developed to serve as
a reference model, a conceptual roadmap for Botswana’s OD-driven economic and social
transition and transformation implementations. To start with, it served as the source of
theoretical justification for the implementation viability and the value-adding potential
of OD in the transition to a knowledge-driven economy and society. Therefore, it provided
motivation for the design and development of the preliminary ODSE Framework. Above
that, it served as a point of reference in the conceptualisation, design, development and
demonstration of the ODSE framework in numerous ways discussed below.

The Open Data Evolution Model depicts that the domain for NPI collections of Open
Government Data relates to economic and social performance in relation to the
development agenda performance data (Open Data Pool component). So, from these

insights, the scope of ODSE input (raw OD resources) for collection was narrowed down

= ‘) PhD Thesis | Ontology-Driven Semantic Enrichment
’/(y CSIS | Framework for Maximal Creation of 69
Department | Open Data Value




to the development agenda domain. In addition, having raw OD resources been
associated with development agendas, screened down the search for ODSE metadata
resources to government strategic documents for OD and development agendas. This
composite model further influenced the modelling of the ODSE Framework through its
three evolutionary processes, the main processes in Figure 4.1. These processes are
modelled as the basic building blocks of the knowledge society establishment,
comprising: 1) the raw OD resources evolutionary process, 2) the knowledge resources
evolutionary process, and 3) the open knowledge diffusion evolutionary process.

First, the raw OD resources evolutionary process reflected in Figure 4.1 pertains to the
creation of open knowledge resources. This is the preliminary stage of knowledge
resources creation on a national scale, centred on raw OD resources. That is, the raw OD
resources evolutionary process acts on raw OD resource collections. Specifically, this
preliminary process creates the Public Knowledge Resource Pool (semantically enriched
OD - knowledge resource collections) from the Open Data Pool (nation-wide raw OD
gathering). The Open Data Pool represents potential semantic value to drive economic
and social transformations but in unrefined and unusable form while the public
knowledge resource pool represents refined OD as the economic and social powering
machine/engine. The preliminary knowledge resources creation process necessitates 0D
framework designs to be centred on the gathering of raw OD input into the Open Data
Pool component, followed by the processing that transforms the Open Data Pool (nation-
wide raw OD gathering) into the Public Knowledge Resource Pool — (nation-wide
knowledge resources gathering). This OD transformation process as depicted in Figure
4.1 is such that the different sectoral data on social and economic performance indicators
is gathered from diverse, disparate sources, after which it undergoes cleaning,
reconciliation, transformation and integration. So, this influenced the addition of the pre-
processing resource cleaning, transformation and integration into the ODSE Framework
architecture. Moreover, this process (the creation of open knowledge resources) narrowed
down the scope of identifying semantic consumption needs to the creation of the public
knowledge resource pool component which in turn raised numerous issues: 1) OD
integration needs, specifically, semantic capabilities to integrate OD across economic and

social structures; 2) OD enrichment needs, specifically, capabilities to enrich OD through
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vocabularies; and 3) OD sharing needs, specifically, capabilities for open and integrated
knowledge sharing platforms/repositories.

Second, the knowledge resources evolutionary process reflected in Figure 4.1 pertains to
the evolution of open knowledge. The knowledge resources evolutionary process acts on
the output of the raw OD resources evolutionary process, the Public Knowledge Resource
Pool. That is, the evolution of open knowledge is the advanced modelling of knowledge
resources. The knowledge resources evolutionary process circulates knowledge
resources around the Open Knowledge Lifecycle for open knowledge creation/recreation,
structuring, sharing, use and diffusion within the economic and social spheres of
application (creation, circulation and use of value) — all of which are powered/driven by
(circulates around) the Public Knowledge Resource Pool. For the preliminary ODSE
Framework modelling, this process was used to determine the scope of investigation for
semantic consumption needs comprising the economic and social needs, presented in the
form of OD value (knowledge) creation cycle - the need for knowledge circulation within
the economy and society. The proposal of the public knowledge resource pool is featured
in the ODSE Framework and discussions is at the centre of this model. In addition, the
ODSE Framework demonstrations and finalisation were implementing the semantic
enrichment processes modelled according to the Open Knowledge Lifecycle component
comprising the first three stages of open knowledge creation (ODSE Components 1.0-6.0),
structuring (ODSE Component 7.0) and sharing (ODSE Component 8.0).

Third and final, the open knowledge diffusion evolutionary process reflected in Figure
4.1, explores the potential impact of open knowledge. The open knowledge diffusion
evolutionary process acts on the output of the knowledge resources evolutionary
process, the open knowledge diffusion. This process explores open knowledge diffusion in
terms of OD potential support for the achievement of a knowledge economy and
sustainable development. It first explores open knowledge diffusion impact on the
realisation of a knowledge-based economy, specifically, the potential to drive open
innovation, business, and entrepreneurship. It further explores the potential cascading
effects of a knowledge-based economy on the realization of sustainable economic
development - knowledge-driven, adoptive, open, inclusive, and continuous growth in

development. For the preliminary ODSE Framework modelling, this process was used to
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determine the scope of search for semantic consumption needs, comprising the economic
and social needs, presented in the form of OD value (knowledge) saturation on the entire
social and economic spheres of life - the need for knowledge saturation on the social and

economic spheres of life.

4.3 Identification of Semantic Publication Needs

4.3.1 The Open Data Program Needs

In the context of this research, the OD program needs pertain to Botswana’s OD program
goals documented in the Botswana OD Readiness Assessment Survey by the World Bank
Group [14] which provides a roadmap for future publications. This report unveiled that
an OD program could make a significant contribution to Botswana’s economic and
innovation goals. The report cites evidence of a nascent and innovative ‘apps economy’
with ideas for ways in which OD could revolutionise key economic sectors, such as
agriculture and tourism. In general, the vision of opening up government data is to
facilitate government data reuse and this is crucial to the attainment of Botswana’s
economic and innovation goals that are outlined in the Vision and NDP Agendas [14].
Specifically, OD enables the production of new and valuable products and services and
consequently, facilitates the generation of new business opportunities. It is also to be
integrated into existing products and services [1], [25], [14]. Above that, OD is expected
to yield improved service delivery and transparency benefits from readily availing the
data to government decision makers and empowering them with skills needed for its
effective use [14]. Moreover, the opening up of government data is aimed at improving
the transparency of government and citizen engagement, and in facilitating the sharing
of data processing costs with communities [1]. In the development agenda domain, public
sector data is critical in tracking development progress and in making informed decisions
on environmental, social, and economic policies, programmes and activities [121].
Furthermore, for national statistical systems, OD is expected to improve process
efficiencies, facilitate access to new data sources, and increase outreach and build trust
in statistics [121].

The realisation of all these potential OD applications prompts for the publication of OD in

rich semantic formats. Therefore, the main focus of Botswana’s OD program is OD
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enrichment to enable its unlimited reusability potential accruing from its infinite sharing
potential. The realisation of the potential OD applications overviewed above also
necessitates Botswana to rise to the levels of OD readiness. The Botswana OD Readiness
Assessment Survey [14] has concluded that Botswana is OD mature by: 1) having many
of the key prerequisites for the successful implementation and benefit realisation from
OD; 2) having digitised many of the important datasets in preparation for OD move; and
3) having the capability to easily extract data from other key systems through the e-
government program for publication of OD [14]. In addition, the Open Data Open Science
forum comprising key research and academic institutions and government was
established to create consensus on policies, legal frameworks, governance institutions
and strategies required to enable Botswana to take full advantage of the global trends in
data-driven Open Science to advance key areas of national research importance and
increase the competitiveness of key research institutions in Botswana [122]. So,

Botswana has a strong network support for OD program implementations.

4.3.2 The Open Data Presentation Needs

In the context of this research, the OD presentation needs pertain to future publication
needs drawn from the limitations of the current Web presentation structure and format.
That is, OD presentation needs are rooted in the way the current data values are
presented, structurally and contextually. An assessment of the current OD publication
system (the ‘as-is’ system) was conducted on the basis of Statistics Botswana’s data portal
and the metadata documentations for the four development agendas that constitute the
Botswana Integrated Indicator Framework [6], [123], [8], [9] [113]. Of these four
agendas, published data is on SDG Agenda as part of the Open Data for Africa initiative
launched by African Development Bank to improve data management and dissemination
in Africa. The initiative provides OD portals to African countries with interactive and
easy-to-use tools for data visualisations and analysis [124]. This section provides a
detailed description of the current OD publication and consumption formats for the ‘as-
is’ system. The current publication and consumption formats were finally compared to
the future semantic publication and consumption needs. This review pertain to both the

OD presentation structure and format. Semantic publication needs are deduced from the
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current OD publications in Statistics Botswana’s data portal [5]. The SDGs are presented

according to the globally defined SDGs structure depicted in Figure 4.2.
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Figure 4. 2: SDGs Data Interface Screen [5]

As shown in Figures 4.2, the OD platform offers a point of datasets consolidation,
minimizing the efforts of developers and consumers in searching, accessing, downloading
and sharing the datasets [90]. With a consolidated view on all of the datasets that have
been catalogued, consumers can easily navigate, identify, access and use data of interest
[90]. OD is organised according to the 17 SDGs and for each SDGI, there are three views

represented by the tabs in Figure 4.3 — browse data view, metadata view and XML view.
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Figure 4. 3: Data View Options (SDG 16) [5]
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Open Data View Option 1: Data Browsing View

The Browse Data tab opens the basic dashboard view of the data shown in Figure 4.4.

Proportion of children under 5 years of age whose births have been registered with a civil authority (% of child... = &2
- a5 &> Export
307 91 ¢f) Embed

S0

[] Bookmark

|tl Explore data

#® 85

80

75

M All age rangsas or no breakdown byage Il 0 M 1 2l W4

Source:

Proportion of children under 5 years of age whose births have been registered with a civil authority (% of child...

Units 2015
All age ranges or no breakdown by age % 87.5
% 79.0
% 89.0
% 88.0
% 90.7
% 91.0

B WNEO

Figure 4. 4: Basic Dashboard View Functionalities — Open Data Access Option (SDGI 16.9.1 Extract) [5]

The basic dashboard view displays the data in the visual (graphical) format as depicted
in Figure 4.4. There are five functionalities that can further be performed on the data.
The data consumer may further explore, export, embed, bookmark, and or share the data.

The data can be exported in textual format (Figure 4.5).

A B C D E F G H
1
; Proportion of children under 5 years of age whose births have been registered with a
2 | civil authority (% of children under 5 years of age)
5
6
7 Units ~ 2015
2 All age ranges or no breakdown by age % 875
s 0 % 79
101 % 89
112 % 88
13 %  90.7
13[4 % 91

14
15

16 | Source: Sustainable Development Goals of Botswana, 2018
17

18

Figure 4. 5: OD Export in Flat Text Format — Open Data Access Option (SDGI 16.9.1 Extract) [5]
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The explore data option provides the basic and general functionalities which include the
users’ ability to bookmark the page and to share the link to the data. In addition, it
provides advanced functionalities in the form of flat text intelligibility capabilities
pertaining to a set of rich functionalities demonstrated in Figure 4.6. These functionalities

facilitate the viewing and extraction of the data.

Export ~ Download ~ APl ~ Dashboards [N g © <

> Goal (1]

Target

v

v

Indicator

~

SeriesDescription

~

Area
> Sex

> Age

v

Urbanisation

v

Education Level

LN - - - - -

Rl

~ Time

Select mode | All data v
Freguency

78

M All age ranges or no breakdown byage Ml o I 1 23 W4

Figure 4. 6: Advanced Dashboard View Functionalities - Column Chart (SDGI 16.9.1) [5]

The data exploration dashboard provides views to a diversity of data visualisations for
SDGIs as reflected in Figure 4.6. Firstly, the Data View Functionalities present SDGI
performance in association with relating SDG target and SDG. The two are among the
metadata fields that serve as filters for data views. As depicted on the left of Figure 4.6,
the data can be filtered for viewing by SDG description, SDG target description, SDGI
description, series description (represent the aggregation field and different categorical
groups), area (Botswana), sex, age, urbanisation, education level and time. Despite the
rich dashboard options on the right and the rich filter options on the left, they are all
limited to a single SDGI and single filter view of the data for any given instance. That is,
they offer a unidimensional view of the data. This limits the OD value (knowledge)

creation capabilities.
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Secondly, the Data Extraction Functionalities pertains to data export, download and API
links. The export functionality offers the options to export the data in either of the
following file formats: presentation slides; spreadsheets; pdf files; images; and as HTML,
JavaScript Object Notation? (Json), Python1l, R12, C#13, and Statistical Data and Metadata
Exchange (SDMX) snippets. The OD bound to presentation slides, images and pdf files
lock-up data in unstructured format to the documents. Thus, it is difficult to get value
from data values as the accessibility, understandability, interoperability, integrability,
and intelligibility of the data is strictly limited to humans. Humans can view, copy and
print the data. Above that, they can add/record the data into any data/information
management system for further editing/conversion/transformation in any way and to
any format. In addition, they can store the data in any device and share/distribute the
data to anyone and in any way. That is, the data is accessible on the Web in a machine-
unreadable and machine-unprocessable format. Furthermore, humans can easily read
and understand these publications, but, intensive manual manipulations are required to
process the data and make valuable use of. Thus, in cases where the human computing
skills are limited, the OD reusability may be compromised.

The spreadsheet format limits OD accessibility, understandability, integrability,
intelligibility and usability to humans and proprietary software/applications. Consumers
have the flexibility to directly process the data with proprietary software and directly
perform any desired transformations. Moreover, the data can be directly and easily
converted or exported to other structured formats. The challenge is that the data is
locked-up in documents and access, mining and reuse capabilities are dependent on the
proprietary software. So, to unlock the OD potential, the data must be locked-out of

proprietary software/applications.

Lastly, the data can be imported by external consumers through HTML, Json, Python, R,
C#, and SDMX API links. For all these data access links, the portal provides code snippets
(like the one in Figure 4.7) to be embedded in code files, specifying the data to be

extracted on the basis of the selection. Thus, the snippets provide the capability for

10 Json is a standard text-based format for representing structured data based on JavaScript object syntax.
1 Python is an interpreted, object-oriented programming language.

2R is an open source scripting language for predictive analytics and data visualisation.

13 C# is Microsoft's object-oriented programming language that is a hybrid of C++ and Visual Basic.
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consumers of the document web to embed the code in their websites and applications to

create external links to the source webpage.

HTML x

Please use the HTML snippet below to embed it into your website or blog.

<iframe src="https://botswana.opendataforafrica.org/SDGBOTSWANA/sustainable-development-
goals-of-botswana-2018" allowtransparency="true" scrolling="no" frameborder="0"
style="height:900px;width:940px; min-width:560px;"></iframe=

COPY Cancel

Figure 4. 7: Advanced Dashboard View Functionalities - API Snippet (SDGI 16.9.1) [5]

The download options are spreadsheet and CSV formats. The CSV format lacks the

semantics thus compromising OD value creation, mining and reuse potentials.

Open Data View Option 2: SDGI Metadata View

The second data view option in Figure 4.3 represented by the metadata tab enables
access to SDGI metadata in pdf file format (Figure 4.8). Moreover, the metadata is
presented independent of the data it describes. Thus, accessibility, understandability,

interoperability, integrability, intelligibility, and usability are limited to humans.

Goal 16: Promote peaceful and inclusive societies for sustainable development, provide access to justice
for all and build effective, accountable and inclusive institutions at all levels

Target 16.9: By 2030, provide legal identity for all, including birth registration

Indicator 16.9.1: Proportion of children under 5 years of age whose births have been registered with
a civil authority, by age

Institutional information

Organization(s):

United Nations Children's Fund (UNICEF)

Concepts and definitions

Definition:
Proportion of children under 5 years of age whose births have been registered with a civil authority.

Rationale:

Figure 4. 8: OD Access Option - PDF View (SDGI 16.9.1) [5]
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The corresponding metadata for other three development agendas are also in pdf files as

shown in Figure 4.9, thus, posing some semantic limitations discussed above.

PiLiAR 4: GOVERNANCE, PEACE AND SECURITY

By 2036, Botswana will be a land of peace, freedom and progressive governance.
Crime and corruption in our country will be reduced to minimal levels, with civil soci-
ety organisations and the community being active participants in the national develop-
ment process. Botswana will have an accessible and efficient judicial system and will be
a peaceful and politically stable country that is an attractive destination for investment.
Our country will remain a committed member of the international community whilst
maintaining her international image. In order to achieve transformation and meet the
expectations of Batswana the constitution and legal framework will be reviewed and|

reformed.
Governance, Safety and Security
Ranking of Botswana in the Worddwide Governance Indica- |Wordd Bank 85 7.7
tons (percentiie)
Accountable, trans- |Ibrahim Index of African Governance (IIAG) mnking Mo Ibeahim Founda- | TBD 3 (2014)
parent & effective tion
govermance Cornuption Perceptions Index Tansparency Inter- | TBD 28 (2015)
national
Freedom in the World score Freedom House 8D 73 (2016)
Peaceful and secure [ Incidence of offences againgt morality; against the person | Botswana Police 2% reductiona (97 (2014) (Index
nation and against propenty, per 10,000 population Sevice (BPS) year = 100, average
2005-14)
Global Peace Index (ranking) IEP 18D 31

Figure 4. 9: Vision Agenda — Pillar 4 Sample (SDGI 16.9.1) [10]

Open Data View Option 3: XML Data View

The third data view option in Figure 4.3 represented by the SODMXURL tab label enables
access to the XML format of the data (Figure 4.10). XML is a tag-based meta-markup
language for representing structured information. XML enables the specification of
element and attribute names and how they should be interpreted. For instance, Figure
4.10 presents both the aggregate and disaggregated NPI values for SDGI 16.9.1 together
with the publication metadata such as publication ID, date and version; as well as the XML
standard specification and the published data source links. It also presents performance
values in relation to corresponding SDG, SDG target, SDG indicator and series
descriptions being area, sex, age, urbanisation, education, frequency, and year. The XML

structure represents the syntax (data structure), thus, enabling machine readability.
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However, it does not represent the semantics (meaning of concepts) and as such, is
limited in machine processability. As a result, applications can hardly make semantic
distinction among data published in distinct XML documents with the same attribute and
property names but different set of rules [125]. For instance, the target concept has a
diversity of contextualisation and Figure 4.10 is not specific on any. This poses a need for

semantic representations that specify the interpretation of a concept for use by intelligent

agents.

This XML file does not appear to have any style information associated with it. The document tree is shown below.

e="http:/ /v sdmx.org/ resources/sdmxml/schemas/v2_1/message”

v<StructureSpecificData xmlns:xsi="http://wmm.w3.0rg/2001/XNLSchema-instance” xmlns :me:
s/ s5://registry. sdme.org/schemas/v2_1/5DINessage. xsd

xm, http:/ v, sdmx. org/resources. 5/v2_1/common” xsi:schemalocati
istry.sdme.org/schemas/v2_1/SDMXStructure.xsd”>

ID>none</ID>
<Test>false</Test>

"Knoema_SDGBOTSHANA
dmx . infomode:

ME_PERIOD"
JGBOTSWANA(1.8) :ObsLevelDim: TIME_PERIOD">
s/ sdmxml/schemas/v2_1/common”>

16.9.1" ID_INDICATOR="16.9.1" SERIESDESCRIPTION="S5G_REG_BRTH" ID_SERIESDESCRIPTION="SG_REG_ERTH" AREA="EW"
URBANISATION="_T" ID_URBANISATION="_T" EDUCATION_LEVEL="_T" ID_EDUCATION_X2@20_LEVEL="_T" FREQ="A">

" ID_TARGET="16.9" T
ID_SEX="_T" AGE="Y®" I
>

16.9.1" ID_INDICATOR="16.9.1" SE
URBANISATION="_T" ID_URBANISATIC

="SG_REG_BRTH" ID_SERIESDESCRIPTION="SG_REG_BRTH" A
OM_LEVEL="_T" ID_EDUCATION_X®@20_LEVEL="_T" FREQ="A

" ID_TARGET="16.9" IN
ID_SEX="_T" AGE="Y1" ID

16.9.1" ID_INDICATOR="16.9.1" SE
Y1" URBANISATION="_T" ID_URBANISATI

I0N="SG_REG_BRTH

G_REG_BRTH" ID_SERIESDESCRI
LEVEL="_T" ID_EDUCATION_X@@

G_REG_BRTH" ID_SERIESDESCRIPTIO
LEVEL="_T" ID_EDUCATION_X@@.

="5G_REG_BRTH
EL="_T" FREQ:

i BU"
"2015" 0B5_VALU

ME_PERIO

Figure 4. 10: Open Data Access Option — XML View (SDGI 16.9.1) [5]

Compared to the OD views discussed above, XML format presents the data in an open,
machine-readable format with no platform proprietary dependency. However, the data
is still disintegrated and each data piece does not have the metadata linked to it. This

creates ambiguity in the interpretation of the data, thus, limiting OD understandability,

intelligibility and usability.

Summary of Open Data Presentation Needs

The study of OD presentation needs for Botswana has demonstrated that the data is
presented separately according to the 17 SDGs and for each goal, the data is presented
separately on the basis of each SDGI. In addition, the data is presented in flat text format
which is easily understood by humans who can easily draw relationships between the

different data elements. However, this format is limited in machine accessibility and
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understandability. Though these data is also published in XML format which support
machine accessibility, XML data is limited in machine understandability. These diversities
are reflected in sample datasets uploaded to figshare and available from the following
links:

e ODSE Framework Package 1 - Sample Raw OD for SDGI 16.9.1

e ODSE Framework Package 2 - Raw OD Resources for SDG Agenda

e ODSE Framework Package 3 - Raw OD Resources for Vision Agenda

Overall, the data has to be presented in a way that defines the concepts and their
relationships, and constraints as well as the computational elements pertaining to the
data. In addition, the relating metadata are published in pdf format. Furthermore, the
presentation structure has limitations as both the data and the metadata are availed in
diverse platforms - the Web and other local (in-house) data management platforms. This
diversity of OD presentation structures and formats make it difficult to access,
understand, interoperate, integrate, and make intelligible use of the data. This hampers
OD value (knowledge) creation and use. Moreover, the advanced view of the data is arich
set of dashboard options and filters that are limited to a unilateral access and view of the
data for each particular instance. For the current OD to be of maximal value and effect,
there is need to also publish it in reusable formats. In-fact, the Botswana OD Readiness
Assessment Survey [14], has raised a need for Statistics Botswana to rapidly release
reusable formats of what it already publishes. In addition, the current publications of flat
text resources are highly aggregate in nature and thus need to be presented in a
disaggregated semantic form for intelligible use.

This data served as the basis for the identification of the data enrichment needs as it
specifies the type of information requiring enrichment. It also served to identify the gaps
in the dataset such as missing information that would add context to the data and the

identification of quality issues that would require normalisation of the data against an

authority [116].
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https://figshare.com/s/177199fb05051428a987
https://figshare.com/s/ef5328b22072375dc733

4.3.3 The Open Data Representation (Ontology) Needs

In the context of this research, the OD representation needs pertain to semantic
modelling needs for OD drawn from source data (flat text OD publications) and
corresponding metadata. That is, the OD representation needs are concerned with the
restructuring (structure) and contextualisation (meaning) of the data.

National Performance Indicators (NPIs) have several characteristics. They have concrete
values obtained through some method and specified in terms of a concrete measure and
unit of measurement. They refer to a certain attribute of some entity. Above that, they
satisfy some information need required in decision making [87]. Also, they quantify
development agenda performance to measure the achievement of agenda goals. In
addition, they enable easy tracking of fluctuations in performance of a given agenda
between different periods. They also make it easier to compare different agenda
performance for different entities. Furthermore, they enable the usage of agenda
performance in decision making. Moreover, they enable easy assessment of the
achievement of quantitative goals for a given agenda in transformation and improvement
processes. However, despite NPIs potential value, OD value (knowledge) creation and use
capabilities in most cases are limited by numerous semantic representation challenges
pertaining to NPIs’ ambiguities and diverse definitions, high levels of aggregation,

disparate web publications, and unidimensional presentation formats.

NPIs Ambiguities and Diverse Definitions

As with most development agendas, terminologies for NPIs are devised by independent
bodies with no formal representations. In most cases, a diversity of economic sectors
produce data on different programmes during the implementations of development
agendas. This results in a diversity of NPI value sources (contributors) who operate
independently in different public sectors, parastatal organisations, and non-government
organisations. This further culminates in heterogeneities in NPI definitions [11], [126].
For instance, the meaning behind terms used to define development agendas, their
targets and indicators are often multifaceted due to the independent definitions from
different stakeholders. The definition of several keywords used in the development
agendas varies across usage scenarios, and some take on different meanings when

applied to different entities, leading to ambiguities. This hinders efforts that attempt to
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integrate NPIs and also hinder performance comparison and monitoring across the
national, regional and global development agendas. This poses a need to represent these
diverse shades of meaning in a coherent way to prevent confusion when handling data
and developing policy actions as well as enhancing the discoverability and management

of development agenda data across a diversity of knowledge domains [68].

NPIs Aggregate Nature

The NPIs, in most cases, represent aggregate and compound values derived either by
computations on the basis of a given formula or by aggregation of raw values, or both
[127]. The aggregate nature of NPIs compromises their understanding and as a result,
they have minimal impact in communicating key issues, as well as being difficult to share
[126], [128]. Most managerial misunderstandings during meetings result from different
NPI understanding [127]. Moreover, the aggregate nature of NPIs results in the lack of
knowledge on their interdependencies. This, in turn, results in them being treated as
autonomous, thus, compromising the effectiveness of the design, development and
management of NPI monitoring systems [126]. Also, this lack of knowledge on NPI
interdependencies limits the reusability potential of the publications. This problem can

be resolved by data disaggregation which is one of the systemic issues of SDG Agenda [8].

NPIs Disparateness

Despite the OD abundance on the Web, it is difficult to integrate the data due to lack of
schema mappings between datasets [79]. It is also hard to link NPIs to relating strategic
elements, such as performance objectives, goals and applicable data dimensions. This
disparateness gives a scattered and incomplete view of performance insights.
Furthermore, publication platforms are limited to the integration of NPIs within
dashboard and scorecard applications. The review of future semantic publication needs
in terms of OD interlinkages in the Web of Data (semantic integration needs) pertained
to the SDGs National Baseline Indicator Framework proposal [13]. As mentioned above,
of these four agendas, only SDG Agenda has data published as OD. This data is to be shared
across agendas according to defined agenda mappings. On the one hand, the
domesticated SDGs are defined with mappings to Vision Pillars [10]. The sample mapping
for SDGI 16.9.1 is reflected in Figure 4.11.
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1.4 SDGs Indicators mapped Vision 2016 Pillar 4:
“GOVERNANCE PEACE AND SECURITY"

Goal 16. Promote peaceful and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable and inclusive

institutions at all levels

Target 16.9

By 2030, provide legal identity for all, including birth registration

Indicator

16.9.1 Proportion of children under 5 years of age whose births have been registered
with a civil authority, by age

Target 16.0

Strengthen relevant national institutions, including through international cooperation.
for building capacity at all levels, in particular in developing countries, to prevent
violence and combat terrorism and crime

16.0.1 BExistence of independent national human rights institutions in compliance with
the Paris Principles

Goal 17. Strengthen the means of implementation and revitalize the Global
Partnership for Sustainable Development

Figure 4. 11: SDG Agenda - Vision Agenda Sample Mapping (SDGI 16.9.1) [10]

On the other hand, the Africa Agenda performance indicators are designed with mappings
to SDG Agenda performance indicators [8]. The sample mapping for SDGI 16.9.1 is
reflected in Figure 4.12.

ASPIRATION 6. AN AFRICA WHOSE DEVELOPMENT

IS PEOPLE DRIVEN, RELYING ON THE POTENTIAL
OF THE AFRICAN PEOPLE

Goal 17: Full Gender Equality in All Spheres of Life

Comesponding 50G |
Friority ara Agenda 2063 Target | Indicator nciemior
S.a.1
Propartion of total
1. Equal ecomnomic agncukral populaticn

righls for women, with cwnership of Secure

ircluding the righls 1o
oan and inherit
property, sign a
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and manage a business

nights over agricukural
land

Share of women among
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Priorfty Area 1. and own and operate a
Wamen bank account by 2006 mrm"gz_:’;:;‘"
Empowerment type ol fenure
5.5.1
2. Ad beast 30% of all B o seats heid
elscted oficials al kocal,
regional and national by women in national
ool are Wi - pariaments, regional
well as in judcial and local bodes
restiutions
52.1
1.  FReduce 3013 Propaortion ol womien and
lesieds of violenos girls subjected o sexual
against women and and physical winkenoe
Girls by af leaest 20%
532
2. Feduce by 50%
all harmiul sccial norms | Proportion ol gicks and
Priority Anea 2. and cusiomany women aged 15 - 49
Viokenos & practices against years who have
Discrimination women and giris. and undengone female
againsi Women | those thal promote genital mtiation/ ouRing
and Girls viclenoe and by age

discrimination against
women and girls

3. Elminaie all
barriers ia qualty
education, health and
social servioes for
Women and Girls by
2020

Propartion of children
whaose births ane
regisiened in the first

16.89.1

Figure 4. 12: Africa Agenda - SDG Agenda Sample Mapping (SDGI 16.9.1) [8]
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The SDGs National Baseline Indicator Framework expresses the need to map Vision
Agenda performance indicators to Africa Agenda and SDG Agenda performance
indicators to ensure that in pursuing national aspirations, Botswana, is at the same time
meeting regional and global goals. It also proposes the mapping of Vision Agenda
performance indicators to NDP Agenda performance indicators [13]. Currently, semantic
integration is limited by stand-alone publications and a lack of semantic integration
models for the Botswana Integrated Indicator Framework. Consequently, the reusability
potential of the current OD publications is limited. Therefore, the semantic integration
need pertains to the development of a consolidated indicator framework to support
integrated NPI publications. So, models of semantic publishing need to factor in these

interlinkages.

NPIs Unidimensional Presentation Formats

The Vision Agenda defines three dimensions for indicator tracking, namely national,
regional and global [13]. In addition, the SDG Agenda necessitate a reflection on the
economic, environment, and social dimensions of development. The NPI nature also
demands for a reflection on the computational type of measure, which may either be a
base measure, derived measure or an aggregate measure. Furthermore, the current
platform is mostly based on dashboard and scorecard applications and offers a
unidimensional view of the data. The multidimensional presentation of this data is

needed for increased intelligibility capability.

4.4 Conclusion
Chapter Four documents how Research Objective 1, identification of semantic publication
and consumption needs for the preliminary semantic enrichment framework design,
addressed Research Question 1 expressed as:
What are the semantic publication and consumption needs for the preliminary
semantic enrichment framework design?
This research question sought to establish the semantic value creation needs pertaining
to the functionality modelling specifications for the ODSE Framework design, as well as,
the design and development feasibility and scope establishment. The semantic value

creation needs identification pertains to semantic publication and consumption needs.
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There are three main ODSE Framework needs in relation to semantic publication. The
first semantic publication need pertains to OD presentation formats, the ODSE
Framework need to support the implementation of standardised and unified publication
structure and format. Therefore, the ODSE framework processing was designed to create
standard and unified structure and format. The second semantic publication need
pertains to OD representation structure, the need to support the implementation of the
consolidated indicator framework for the four development agendas. Thus, the ODSE
framework processing was designed to address the semantic representation and
integration of the four development agendas that constitute the Botswana Integrated
Indicator Framework. The third semantic publication need pertains to OD program
needs, the ODSE Framework need to support the generation of rich semantic formats for
reusability of the current OD publications. Therefore, the ODSE Framework was designed
to enhance semantic capabilities of flat text resources with ontology-driven semantic

enrichment.

The ODSE Framework needs in relation to semantic consumption pertains to OD support
for the implementation of the Vision Agenda, the ODSE Framework need to support the
generation of knowledge resources for the implementation of the economic aspiration of
a transformation into a knowledge society founded on a knowledge-driven economy.
Therefore, the ODSE framework processing was designed to leverage OD for the
generation of knowledge resources to support the implementation of the knowledge-
driven economy and society. In addition, the semantic consumption need was modelled
into the Open Data Evolution Model (Figure 4.1), a generic conceptualisation of the
creation of knowledge resources from OD resources. Therefore, it is the conceptual
roadmap to guide the ODSE Framework design, development, demonstration and

implementations.

The next section, Chapter Five, presents the conceptual design and development of the
preliminary semantic enrichment framework to set the foundation for implementations

that address these needs.

- ‘7 PhD Thesis | Ontology-Driven Semantic Enrichment
’/,(/:/‘ CSIS | Framework for Maximal Creation of 86
- Department | Open Data Value



CHAPTER FIVE: FRAMEWORK DESIGN AND DEVELOPMENT

5.1 Introduction

Chapter Five presents Phase 2 according to research activities specified in Table 3.2

concerning the design and development of the semantic enrichment framework.

5.2 The Design and Development of the Framework
The preliminary Ontology-Driven Semantic Enrichment Framework (ODSE Framework)
shown in Figure 5.1 was developed according to the conceptual framework development
method as follows:

e The conceptual framework development method (Subsection 3.3.2 — Phase 2:

Framework Design and Development);

e Itsadaptation (Subsection 3.3.2); and

e Itsapplication (discussed in this section — Section 5.2).
The design and development of the framework was implemented in three steps
pertaining to the review of research literature; the identification of semantic enrichment
entities, elements, and their relations; and the generation of the conceptual semantic
enrichment framework. Framework design and development conceptualisation and
implementation was founded on identified publication and consumption needs

presented in Chapter Four.

5.2.1 Step 1: Review of Research Literature

Step 1 involved a synthesis of existing knowledge on semantic enrichment pertaining to
potential semantic enrichment processes, approaches, capabilities, techniques,
technologies and their relations. Research literature was conducted to create an
understanding of semantic enrichment entities comprising processes, approaches,
capabilities, techniques, technologies and their relations. Thus, the literature review
explored the OD concept from four angles: 1) OD as the future driver; 2) OD value
(knowledge); 3) knowledge reuse potential; and 4) knowledge creation challenges. That
was followed by an exploration of the potential of a combination of ontology, LOD and

semantic enrichment in the creation and use of knowledge resources.
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5.2.2 Step 2: Identification of Semantic Enrichment Framework Entities,

Elements and Relations

Step 2 involved the design of the framework, specifically, the preliminary

conceptualisation of the model by analysing the research literature reviewed in Step 1.

To start with, a review of the OD value (knowledge) and reuse capabilities (Section 2.2)

provided justification that motivated the development of the framework. In addition, the

research literature has revealed numerous elements pertaining to semantic enrichment

entities that became the basis for the framework design (shown in Table 5.1).

Semantic
Enrichment Entities

Table 5. 1: Semantic Enrichment Elements

Entity Elements

Semantic Enrichment
Processes

Semantic Enrichment
Approaches
Ontologies

Semantic Attributes
Semantic Techniques

Semantic
Technologies

semantic integration, semantic web resource linking (Section 2.5), OD value
(knowledge) creation (Sections 2.2-2.5)

ontology-driven semantic enrichment and LOD-driven semantic enrichment
(Subsection 2.5.4)

Top-level/upper-level/foundational ontologies, domain ontologies, application
ontologies (Subsection 2.3)

enrichment, richness and mining attributes (Subsection 2.5.5), OD value
(knowledge) reuse (Subsection 2.2.3)

5-star Linked Data Standard, Web of Data, semantic web (Section 2.4)
Ontology (Subsection 2.3), knowledge organisation systems/vocabulary
(Subsection 2.5.1), semantic web technologies (OWL, RDF, triples, triple-store,
LOD) - (Sections 2.4-2.5), OD value (knowledge) mining (Subsection 2.5.5)

Furthermore, the research literature has revealed numerous relationships between

semantic enrichment entities and elements.

e The first relationship is between OD value (knowledge) creation (Section 2.2),

ontologies (Section 2.3) and LOD (Section 2.4). The review discovered that the

potential to maximise OD value creation is determined by the level of semantic

richness which is created through the use of ontologies and the application of LOD

semantic publication standards.

e The second relationship is between semantic enrichment and semantic

capabilities (Section 2.5.2 and Subsection 2.5.5). Semantic enrichment may either

be structural in nature for semantic enrichment of accessibility, interoperability

and integrability capabilities; or contextual in nature for semantic enrichment of

understandability capabilities; or may be both structural and contextual in nature

for semantic enrichment of the intelligibility capabilities.
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e The third relationship is between Tim Berners-Lee’s 5-Star scheme for Linked
Data (Section 2.4) and semantic attributes (Section 2.5.5). The 5-Star scheme is a
publication standard that addresses semantic enrichment of semantic attributes.
Thus, the two were combined to serve as the standard of semantic enrichment
transformations and the evaluation standard for the validation of the ODSE
framework (publication and consumption efficiency standard — Table 3.1 and
Figure 3.2 discussed in detail in the methodology — Subsection 3.3.4).

e The fourth relationship is between the triples and the triple-store (Section 2.4).
Triples are stored in triple-stores.

e The fifth relationship is between OD value (knowledge) creation, semantic
enrichment and knowledge mining (Section 2.5.5) and knowledge reuse (Section
2.2.3). Semantic enrichment has a direct impact on knowledge creation potential
which in turn has a direct impact on knowledge mining potential. The knowledge

mining potential in turn, has a direct impact on knowledge reuse.

Moreover, the research literature has revealed numerous insights on semantic
enrichment entities and elements. Firstly, the review revealed a maximal effect from an
ontology-driven semantic enrichment model (Section 2.3, 2.5). This validated the
application of ontology as the basis for the semantic enrichment process. So, the semantic
enrichment model chosen for this research is the ontology model. The semantic
enrichment framework was developed for the contextualisation of flat text resources
with its metadata represented by ontological constructs. Also, the ontology scopes
described in Subsection 2.3.1 served as the basis for the development of the ODSE
approaches. Specifically, two ODSE approaches were devised to implement the ontology-
driven semantic enrichment.

Secondly, as revealed above, there are semantic enrichment methods for structured,
semi-structured, and unstructured data (Section 2.5.2). Two of these methods proved to
be relevant to this research. The semi-structured data in text and pdf files were enriched
through semantic enrichment methods that transformed it into structured form for
enhanced data access. Semantic enrichment methods for structured data in spreadsheet

files were used to enhance the quality and discoverability of metadata with more
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contextualised meanings through the use of ontologies and they were also used to
generate the knowledge base to support knowledge discovery.

Thirdly, the framework conceptualisation followed the LOD standard (Subsection 2.5.4
and Section 2.4) in mapping the transition from static and disintegrated OD on NPIs (flat
resources) to intelligent LOD (knowledge resources) for enhanced OD value (knowledge)
creation potentials. Also, based on the literature review, the LOD-driven semantic
publication standards (i.e., RDF, OWL and Berners-Lee’s 5-star deployment scheme for
Linked Data) were adopted in the implementation and evaluation of the semantic
enrichment framework.

Lastly the semantic enrichment framework processing was according to the three
processes that were discovered to be the standard semantic enrichment process for
existing frameworks (Subsection 2.5.6). So, the preliminary semantic enrichment
framework was modelled around three stages comprising the semantic enrichment pre-

processing, processing and post-processing.

5.2.3 Step 3: Generation of the Conceptual Semantic Enrichment
Framework

Step 3 pertained to the development of the framework, involving two activities. The first
activity involved the classification of identified semantic enrichment entities and
elements (Table 5.1) according to functionality that corresponds to either semantic
enrichment pre-processing, processing or post-processing. That was followed by the
consolidation of the components into a single, solid, holistic framework by structuring
the flow of entities and elements’ functionalities per processing stage on the basis of the
insights and relationships between framework entities and elements specified in Step 2.
The Open Data Evolution Model shown in Figure 4.1 and the OD program, presentation
and representation needs were also considered in putting the pieces of the framework
together, specifically, in the determination of the process flows. The final deliverable is

the preliminary semantic enrichment framework described in the next section.

5.3 The Preliminary Semantic Enrichment Framework

The result of this phase is the preliminary conceptual design artifact of the Ontology-

Driven Semantic Enrichment Framework shown in Figure 5.1.
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Figure 5. 1: The Preliminary Ontology-Driven Semantic Enrichment Framework [119]

As depicted in Figure 5.1, the preliminary framework is in three stages that are

described in the following Subsections.

5.3.1 Stage 1: Open Data Pre-processing

The Open Data pre-processing stage prepares OD for integration and enrichment
processing. It comprises the input and pre-processing transformation components. The
input component represents OD published in its raw form. Generally, OD is characterised
by a variety of heterogeneities. OD on the performance of development agendas is
produced by different stakeholders in all economic sectors, i.e., government and private
sectors, parastatals, non-government organisations, etc. These heterogeneities in data
sources result in heterogeneous datasets in terms of data platforms (diversities in
databases, applications, etc.), data formats (PDFs, spreadsheet and database tables, CSVs,
etc.), data definitions (variations in performance indicator formulas and calculations),
data access (standalone, Local Area Networks, cloud networks, etc.) and relational data

models. In their heterogeneous forms, raw OD resources reporting on NPIs for the four
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agendas that are the focus of this research were imported from multiple sources. The
detailed discussions on the pre-processing input (the OD presentation needs discussions)
is documented in Subsection 4.3.2. Under the pre-processing transformation component,

raw data undergoes the transformation process entailing data cleaning and modification.

5.3.2 Stage 2: Open Data Semantic Enrichment Processing

The Open Data semantic enrichment processing stage comprises the data integration and
enrichment components. The data integration component addresses the challenge of
NPIs’ disparateness. It is done at three levels: RDF-driven integration, triple-store
integration, and Ontology-driven integration. RDF-driven integration pertains to RDF
conversion, the semantic transformation process that converts disparate flat text
resources into a more flexible, data integration structure, the RDF triple structure form
of subject-predicate-object explained and demonstrated in Section 2.4. RDF stands for
Resource Description Framework, a model for data publishing and interchange on the
Web [80].

As the RDF conversion pertains to national performance indicator (NPI) data, the
product is NPI triples, NPI data formatted in the subject-predicate-object structure. The
NPI triples support multifunctional use as it allows data to be linked in comparison to
traditional HML which represents a Web of Documents. The NPI triples are further
interlinked into an RDF triple-store, a graph database that stores semantic facts as a
network of objects with embodied or materialised links between them for more effective
management of highly interconnected data [80]. Above that, triple-stores with their
subject-predicate-object format, are more flexible compared to relational databases. The
designated triple store for the storage of NPI triples is the NPI triple store. The data store
triples interlinkage, the NPI triple-store represents the triple-store integration which
pertains to the integration of the datasets for the four agendas that are the focus of this
research. The NPI triple-store integration can further be extended through triple-store
merging with other external triple-stores (Web triple-stores with triples relating to NPI
triples) to allow for semantic queries that integrates a wide web knowledge base. The
ontology driven integration pertains to the use of knowledge representation models to
unify the datasets. NPIOnto is a knowledge model for the integration of NPIs for the four
agendas with the following mappings: 1) SDG Indicator (SDGI), Africa Agenda Indicator
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(AFRI), NDP Indicator (NDPI), and Vision Indicator (VISI) instances are mapped to NPI;
2) AFRI instances are defined with mappings to SDGI instances; 3) SDGI and NDPI
instances are directly mapped to NVI instances; and 4) AFRI instances map to NVI
instances through SDGI mappings.

Furthermore, the NPIOnto models relationships among NPI instances to give a better
understanding of the dependencies that exist between them. It also models NPI's
underlying attributes and mathematical structures to address the ambiguity challenges.
Moreover, the NPIOnto represents knowledge regarding NPI’s relation to performance
targets, performance outcomes, priority areas, performance goals, thematic areas,
aspirations, pillars, etc. The analytic dimensions (social, economic and environment) are

factored in as well in the model to implement high-level data disaggregation.

The Data Enrichment Component involves enhancement of NPI triples with information
about its meaning. This is accomplished by a process of mapping NPI triples to relevant
NPIOnto constructs, knowledge representation entities pertaining to classes
(representing domain concepts), properties (representing concepts attributes and
relations) and axioms (representing statements of truth or facts) for explicit definitions
of NPIs. This process turns the heterogeneous, ambiguous, and difficult-to-interpret NPI
content into machine-processable data for reusability and for better search and
presentation in a LOD environment. This component addresses the challenge of
heterogeneities that relate to diverse data definitions by restricting meaning to specific
ontology constructs. There are two processes performed here, pertaining to the
identification of NPIOnto constructs in the form of classes, properties and axioms and
finally, the actual implementation of the ontology-driven enrichment which pertains to
the creation of the sematic layer through the mapping of NPIs to ontological constructs,
i.e., classes, properties and axioms in NPIOnto. Resources integration, the interlinkages
of ontology enriched data constitute the enriched Linked Open Data. The embedding of
the semantics and syntax structure into the data enables intelligibility operations. Thus,

enriched Linked Open data is referred to as intelligent Linked Open Data.

5.3.3 Stage 3: Open Data Post-processing
The last, third stage, is Open Data post-processing. The deliverable of this stage is
intelligent data as the data holds within itself all the information that describes the
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structural and contextual features needed for its understanding and interpretation. This
data is machine-readable, easy to search, query, use, and reuse. It can also be linked to
different data sources to get deeper insights and to uncover hidden relationships. With
intelligent LOD, objects can be interconnected, thus facilitating the discovery of

knowledge and the exchange of information.

5.4 Conclusion
Chapter Five documents how Research Objective 2, design and development of the
preliminary semantic enrichment framework, addressed Research Question 2 being:
What preliminary semantic enrichment framework is derived from the combination
of potential semantic enrichment processes, approaches, capabilities, techniques,
technologies and their relations?
This research question served to establish the architectural structure and functionality
for the conceptual design of the preliminary ODSE Framework (Figure 5.1). The
preliminary ODSE Framework is a more specific conceptualisation that demonstrates the
practical creation of knowledge resources from OD resources based on the conceptual
reference model, the Open Data Evolution Model (Figure 4.1). Specifically, it models the
creation of knowledge resources in the form of Intelligent LOD to increase the value-
adding potential of OD publications and to increase the knowledge mining potentials. The
framework is comprised of three interrelated stages: pre-processing, processing and
post-processing. These stages are further broken down into five componentsl4,
comprising the pre-processing input, pre-processing transformation, data integration,
data enrichment, and post-processing output. It is worth noting that the variables for the
preliminary ODSE Framework are more specific to Botswana development agenda
domain. This constrained variable scope was to enable ease of demonstrations. The final
framework was generalised for different development agenda domain-specific
applications on the basis of the demonstration findings. So, the next chapters discuss the
preliminary ODSE Framework demonstrations, evaluation, finalisation and the

presentation of the final framework as the research contribution.

14 The groupings of related processes and technologies that achieve a given unique functionality.
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CHAPTER SIX: FRAMEWORK DEMONSTRATION 1 (SEMANTIC
ENRICHMENT APPROACH)

6.1 Introduction

As the proposed semantic enrichment framework is ontology-driven, the first
demonstration involved the establishment of one of the pillars of semantic enrichment
processing, the semantic enrichment approach which is determined by ontology scope.
Therefore, Chapter Six presents Phase 3 according to Demonstration 1 activities specified
in Table 3.2. Phase 3 involved the selection of generic ontologies and the development of

the custom domain ontology.

6.2 Demonstration 1: The Selection of Generic Ontologies

As stated in Subsection 3.3.3, the selection of generic ontologies adapted the Enrichment
and Evaluation Method (RM3) proposed by the Europeana Task Force [116] comprising
the following phases: 1) analysis of source data and metadata resources for ontology
search literals; 2) identification of ontology enrichment requirements; 3) search for

potential ontology targets; and 4) selection of suitable ontology targets.

6.2.1 Phase 1: Analysis of Source Data and Metadata Resources for
Ontology Search Literals
The data sources comprised the published NPI values for the 17 SDGs and the metadata

for the four agendas as listed in Table 6.1.
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Table 6. 1: Source Datasets

Agenda Datasets Fields Per Dataset
Data/Metadata
SDG Agenda data Published OD SDG Name, SDG Theme and SDG Description; SD Target Code
and SD Target Description; SDGI Code and SDGI Description;
SDGI  Performance Measurement Description, SDGI
Performance Measurement Unit, SDGI Performance
Measurement Year; SDGI Aggregate Performance Value and
SDGI Disaggregate Performance Value.
SDG Agenda | SDGI metadata SDGI Code, SDGI Name, SDGI Description, UNSD Code, SDGI
metadata Sub-Theme, SDGI Development Type, SDGI Measurement
Type, SDGI Measurement Scope, SDGI Disaggregation Factors
and SD Target Relation
SD Target | SD Target Code, SD Target Name, SD Target Description and
metadata SD Goal Relation
SD Goal | SD Goal Code, SD Goal Name, SD Goal Description, SD Agenda
metadata Relation and Vis Pillar Relation
SD Agenda | SD Agenda Code, SD Agenda Name, SD Agenda Description, SD
metadata Agenda Begin Year and SD Agenda End Year
Africa Agenda | AFRI metadata AFRI Code, AFRI Name, AFRI Description, AFRI Formula, AFRI
metadata Unit Measure, AFRI Disaggregation Factors, AFRI Data
Collection Frequency, AFR Target Relation and SDGI Relation
AFR Target | AFR Target Code, AFR Target Name, AFR Target Description
metadata and AFR Priority Relation
AFR Priority | AFR Priority Code, AFR Priority Name, AFR Priority
metadata Description and AFR Goal Relation
AFR Goal | AFR Goal Code, AFR Goal Name, AFR Goal Description, and
metadata AFR Aspiration Relation
AFR Aspiration | AFR Aspiration Code, AFR Aspiration Name, AFR Aspiration
metadata Description, and AFR ImpPlan Relation
AFR AFR ImpPlan Code, AFR ImpPlan Name, AFR ImpPlan
Implementation = Description, AFR ImpPlan Begin Year, AFR ImpPlan End Year
Plan metadata and AFR Agenda Relation
AFR Agenda | AFR Agenda Code, AFR Agenda Name, AFR Agenda
metadata Description, AFR Agenda Begin Year and AFR Agenda End
Year
Vision Agenda | VISI metadata VISI Code, VISI Name, VISI Description, VISI Data Source, VISI
metadata Outcome Relation and NDPI Relation
VIS Outcome | VIS Outcome Code, VIS Outcome Name, VIS Outcome
metadata Description and VIS Pillar Relation
VIS Pillar | VIS Pillar Code, VIS Pillar Name, VIS Pillar Description and VIS
metadata Agenda Relation
VIS Agenda | VIS Agenda Code, VIS Agenda Name, VIS Agenda Description,
metadata VIS Agenda Begin Year and VIS Agenda End Year
NDP Agenda | NDPI metadata | NDPI Code, NDPI Name, NDPI Description, NDPI Data Source
metadata and NDPI Outcome Relation

NDP Outcome
metadata
NDP Theme
metadata
NDP Volume
metadata
NDP  Agenda
metadata

NDP Outcome Code, NDP Outcome Name, NDP Outcome
Description and NDP Theme Relation

NDP Theme Code, NDP Theme Name, NDP Theme NDP Theme
Description and NDP Volume Relation

NDP Volume Code, NDP Volume Name, NDP Volume
Description and NDP Agenda Relation

NDP Agenda Code, NDP Agenda Name, NDP Agenda
Description, NDP Agenda Begin Year and NDP Agenda End
Year
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Table 6.1 provides a detailed description of the contents of the data for each OD resource.
All entity field names (column 3 of Table 6.1) served as keywords or categories
representative of the source dataset for the different dimensions of the data that needed
to be enriched or contextualised. So, the search for ontology targets was based on these
keywords. The second aspect pertained to the analysis of the data structure which
involved the identification of the properties used in the source data and metadata
resources containing the literals that were to be enriched. The property literals identified

are: name, theme, description, unique identity, unit, year, relation, and value.

6.2.2 Phase 2: Identification of Ontology Enrichment Requirements

In addition to OD representation (ontology) needs identified in the preliminary analysis
of the data sources (Subsection 4.3.3), additional requirements supporting specific
services or applications were identified. Further analysis of the source data and metadata
resources provided insights on the requirements to be addressed through the selected
ontology targets. With generic ontology targets of top-level /upper/reference ontologies,
the objective of data enrichment was to make the NPI domain dataset more global for
enhanced discoverability. With a custom domain ontology targets, the objective was to
reach a balance between generality and unambiguity by making the dataset more specific.
Also, the objective of custom domain ontology targets was to link resources to other
similar resources and to controlled resources as well. So, these objectives served as the

basis for the next stage of searching for potential ontology targets.

6.2.3 Phase 3: Search for Potential Ontology Targets

The search for potential ontology targets was based on enrichment requirements and
identified literals (Subsections 6.2.1-6.2.2). The first search looked for SDG Agenda
domain ontology (SDGIO) targets on the basis of the SDG constructs shown in Table 6.2.

Table 6. 2: SDGIO Targets

SDG Construct SDGIO Property
Goal description SDGI0:00000000 (SD Goal)

Target code SDGI0:00000074 (UNSDG target ID)
Target description | SDGIO:00000001 (SD target)
SDGI code SDGI0:00000242 (UN SDG Indicator ID)

SDGI description SDGIO:00000002 (Sustainable Development Indicator)
Aggregate value SDGIO:00000003 (SDG Indicator Value)
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The second search looked for applicable generic ontologies. Numerous ontologies were

identified with a diversity of contextualisation of these literals in Table 6.3.

Table 6. 3: Potential Generic Ontology Targets

Literal Potential Ontology Targets
Name e NCI Thesaurus OBO Edition - the words or language units by which a thing is
known

e Semanticscience Integrated Ontology - a name is a label used to identify an entity
e eNanoMapper Ontology - the words or language units by which a thing is known

Theme e BBC Ontology - this concept is used to represent intangible things or abstract
concepts
e dbpedia - theme property (dbp:theme)
Description o Allotrope Merged Ontology Suite - has description relates an entity to an

information content entity that is its description (has description)
e eNanoMapper Ontology - a written or verbal account, representation, statement,
or explanation of something
e Semanticscience Integrated Ontology - a description is language entity in which
elements of a language (formal or natural) are used to characterise an entity
e Apollo Structured Vocabulary (Apollo-SV) - a textual entity that specifies
characteristics of some entity
unique identity e  dbr:Unique-identifier
Unit e  Units of Measurement Ontology - a unit of measurement is a standardised quantity
of a physical quality
e Ontologized MIABIS (Minimum Information About Blobank data Sharing) - a
relation between a value specification and its unit of measurement (has
measurement unit label)
e BioAssay Ontology - It is the definite magnitude of a physical quantity or of time.
It has a quantity and a unit associated with it (unit of measurement)
Year e Dublin Core Metadata Initiative (DCMI terms) - a point or period of time
associated with an event in the lifecycle of the resource (date)
e Semanticscience Integrated Ontology - a year is a period of time taken by a planet
to make one revolution around the sun
e  Units of Measurement Ontology - a time unit which is equal to 12 months which
in science is taken to be equal to 365.25 days
Relation e Dublin Core Metadata Initiative (DCMI terms) - a related resource
e OBO Ontology Library - an edge that links together terms
disaggregate e Dbpedia-de:Disaggregation
value o Allotrope Merged Ontology Suite - is a facet that relates an information content
entity to a code that describes a category for classification (has Categorical
Value)
e Semanticscience Integrated Ontology - has measurement value is a relation
between a quality/realisable and a measurement value (has measurement value)

Overall, Table 6.2 lists potential ontology targets from related domains, SDGIO targets,
targets more specific to the SDG Agenda domain for more domain clarity. Potential
ontology targets listed in Table 6.3 are from unrelated domains, the more generic set of
targets to enable more semantic interoperability capabilities. This combination was

meant to ensure that the datasets are understandable, integrable and interoperable.

= ‘) PhD Thesis | Ontology-Driven Semantic Enrichment
’/(y CSIS | Framework for Maximal Creation of 98
Department | Open Data Value



6.2.4 Phase 4: Selection of Suitable Ontology Targets

The last stage pertained to the selection of suitable ontology targets from the list of
potential targets in Subsection 6.2.3. The final selection encompassed all of the first
ontology target group (SDGIO) as the only available SDG Agenda ontology constructs -
potential ontology targets with no alternative options (Table 6.2). For the second
ontology target group with numerous options (Table 6.3), the selection criteria was
mainly based on availability, coverage and quality factors discussed in Subsection 3.3.3
above. In terms of availability, the ontology targets were selected on the basis of their
web availability, compliancy to the Linked Data best practices. In terms of coverage, the
selection was focused on ontology definitions that represent the development agenda
knowledge domain with high precision of meaning and high expressivity of ontology
properties. In terms of quality, ontology targets were selected on the basis of metadata
clarity in relation to construct descriptions and the availability of clear labels and

comments. The final selection is shown in Table 6.4.

Table 6. 4: Selected Generic Ontology Targets

Resource Link Data Field Value

dbpedia-de | http://de.dbpedia.org/resource disaggregated value

Dbp http://dbpedia.org/property/theme theme

Dbr http://dbpedia.org/resource/ unique identifier

Sio http://semanticscience.org/resource/ name and unit

Dcterms http://purl.org/dc/terms/ Relation

Rdfs http://www.w3.0rg/2000/01/rdf-schema# Labels

Afo http://purl.allotrope.org/ontologies/property# | description and categorical

SDGIO http://purl.unep.org/sdg/ SD Goal, UNSDG target ID, SD target, UNSDG

Indicator ID, Sustainable Development
Indicator, SDG Indicator Value

Table 6.4 is the final selection of suitable generic ontology targets comprising the most
applicable literals in Table 6.3 (one target option per literal) selected on the basis of

availability, coverage and quality factors.
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6.3 Demonstration 2: The Development of the Custom Domain

Ontology (NPIOnto)

This section presents the National Performance Indicator Ontology (NPIOnto). The
NPIOnto knowledge model represents domain knowledge in the field of Botswana
development agendas to address the lack of semantics for NPIs and relating performance
goals and other measurements. It also represents semantic integration of NPIs for the
development agendas that form the Botswana Integrated Indicator Framework,
comprising the Vision Agenda, NDP Agenda, Africa Agenda, and domesticated SDG
Agenda. The ontology development was guided by the METHONTOLOGY approach [117].
As detailed in Subsection 3.3.3, the METHONTOLOGY approach outlines a set of
guidelines on how the activities identified in the ontology development process should
be conducted. These activities have been implemented in five phases of the adapted
METHONTOLOGY approach, outlined in Subsection 3.3.3, as follows: a) specification, b)

knowledge acquisition, c) conceptualisation, d) formalisation, and e) evaluation.

6.3.1 Specification Phase

The specification phase involved the statement of the ontology purpose in terms of goal,
scope and intended use. The goal of NPIOnto is to provide a solution to Botswana's OD
representation needs regarding NPI disambiguation, disaggregation, interoperability,
integrability, multidimensionality, and reasoning capabilities. The scope of NPIOnto
confines it to the following national, regional and global development agendas: Vision
Agenda, NDP Agenda, Domesticated SDG Agenda and Africa Agenda. Finally, the intended
use of NPIOnto is described in terms of its potential applications. NPIOnto is part of the
ODSE Framework demonstration in which it serves as the basis for the conversion of flat
text OD resources to knowledge resources so as to drive the transition from flat text OD
publications to semantic publications for semantic consumption. To enable semantic
consumption, this research, proposes a shift toward semantic publication centered on the
enrichment of raw OD with semantic structure, capabilities and context for increased
knowledge creation and mining potential. This shift necessitates the development of

semantic models to drive the transition from raw OD publication and consumption (Web
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of Documents) to semantic publication and consumption (Web of Data). In this regard,
the competency questions (CQs) for NPIOnto are as follows:
e CQ1: What are the accessibility capabilities of OD resources enriched with
NPIOnto?
e (CQ2: What are the understandability capabilities of OD resources enriched with
NPIOnto?
e (CQ3: What are the interoperability capabilities of OD resources enriched with
NPIOnto?
e CQ4: What are the integrability capabilities of OD resources enriched with
NPIOnto?
e CQ5: What are the intelligibility capabilities of OD resources enriched with
NPIOnto?
e CQ6: What is the overall semantic capabilities enrichment impact on semantic

publication and consumption?

6.3.2 Knowledge Acquisition Phase

The knowledge acquisition phase involved the collection and understanding of
information from a wide range of sources key to the ontology domain. To ensure that
NPIOnto represents a shared and agreed upon conceptual framework, information
gathering for the development of NPIOnto was mainly based on the analysis of
standardised and detailed information from official documentations for the four
development agendas. The information was extracted from the following sources: 1)
Africa Agenda 2063 Core Indicators Profile Handbook [8], 2) Botswana Domesticated
SDGs Indicator list [10], 3) Global SDG Indicator list for SDG Agenda [9], 4) Vision 2036
document [6], 5) NDP 11 Volume 1 document [7], and (6) Sustainable Development Goals
(SDGs) National Baseline Indicator Framework document [13]. The process started by
identifying NPIs and then establishing an understanding of their characteristics and
relations to each other and to performance measurement goals. Above that,
disaggregation factors were identified for each NPI. Specifically, this phase was
conducted according to the following steps, illustrated on the basis of Figure 4.12 of the

Africa Agenda documentation extract on OD representation needs in Subsection 4.3.3:
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1) Step 1: Identification of statements of interest from domain documentations - the
statements of interest were identified in the flat text resources of domain
documentations, i.e., for Figure 4.12, the sample statement reads, Aspiration 6. An
Africa whose development is people driven, relying on the potential of the African
people.

2) Step 2: Analysis of the statements to derive concepts and their relationships. This
pertained to the identification of subjects (domain entities), predicates (action
words - object properties) and objects (range entities). For the sample statement
in Step 1) above, the subject aspiration has two predicates (has code and has
description) and two objects (aspiration 6 and An Africa whose development is
people driven, relying on the potential of the African people).

3) Step 3: Identification of modelling specification for the concepts and their
relationships from the metadata resources - for instance, for the identified subject,
predicates and objects in Step 2) above, two RDF triple statements are modelled
as, ‘aspiration has code aspiration code’ and ‘aspiration has description aspiration
description’. The subject represent class, predicates represent data and object
properties and objects represent data values for data properties and range class
(relating class) for the domain class (subject class).

4) Step 4: Creation of flat text resources based on concepts per agenda performance
variable. For Step 3) above, the dataset for the subject aspiration was created with
the aspiration code and description subjects reflected in row 7, columns B and D
of Table AFR 5: Africa Agenda Aspiration Dataset Screenshot in Appendix 1.

The output of this phase comprised collections of relevant development agenda domain
knowledge on NPIs in flat text format described in detail in Subsection 6.2.1. These
indicator datasets constitute the NPI knowledge base for the development agenda
domain contextualised to the Botswana Integrated Indicator Framework specifications.
The knowledge model (NPIOnto) was designed on the basis of the metadata fields
(specified in Subsection 6.2.1) for these datasets and represented by the dataset

screenshots attached to the appendices section, ranging from appendix 1-4.
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6.3.3 Conceptualisation Phase

The conceptualisation phase pertained to the initial structuring of the knowledge model
(schema). This preliminary NPIOnto modelling phase involved the schema design and
development. The information collected in the previous stage (Subsection 6.3.2) was
converted to the visual representation of NPIOnto, reflecting objects in the development
agenda domain, and their attributes and relations. The first four deliverables of the
conceptual phase are conceptual models for the four development agendas. The fifth
main deliverable is a consolidated conceptual model that integrates the four conceptual
models on the basis of shared classes, object properties and data properties being: 1) the
Africa Agenda Indicator (AFRI) Knowledge Model, 2) the Sustainable Development Goals
Indicator (SDGI) Knowledge Model, 3) the Vision Indicator (VISI) Knowledge Model, 4)
the National Development Plan Indicator (NDPI) Knowledge Model, and 5) the
Consolidated Knowledge Model (NPIOnto Lightweight Version).

Africa Agenda Indicator (AFRI) Knowledge Model
The Africa Agenda Indicator (AFRI) Knowledge Model represents the Africa Agenda
Indicator, afri, in terms of relating performance variables. Class afri is at the core of

the AFRI knowledge model (Figure 6.1).
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Figure 6. 1: Africa Agenda Indicator Model

Figure 6.1 presents class afri with an external relation to class sdgi through
hasAfri-sdgiMap property. Internally, it has a direct relation with class afrTarget
(target) through hasAfri-afrTargetRel property. It also reflects a series of relations
building up from class afri relation to class afrTarget being:
o class afrTarget relation to class afrPriority (priority) through
hasAfrTarget-priorityRel property,
o class afrPriority relation to class afrGoal (goal) through hasPriority-
afrGoalRel property,
o class afrGoal relation to class afrAspiratn (aspiration) through hasAfrGoal-
aspiratnRel property,
o class afrAspiratn relation to class afrImpPlan (implementation plan) through
hasAspiratn-impPlanRel property, and
o class afrImpPlan relation to class afrAgenda (Africa Agenda) through

hasImpPlan-afrAgendaRel property.
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Sustainable Development Goals Indicator (SDGI) Knowledge Model
The Sustainable Development Goals Indicator (SDGI) Knowledge Model represents the
Sustainable Development Goals Indicator, sdgi, in association with relating performance

variables. At the core of the SDGI knowledge model is class sdgi (Figure 6.2).
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Figure 6. 2: Sustainable Development Goals Indicator Model

Figure 6.2 presents class sdgi with a direct relation to class sdgTarget through
hasSdgi-sdgTargetRel property. It also reflects a series of relations building up from
class sdgi relation to class sdgTarget being:
o class sdgTarget relation to class sdGoal (SDG) through hassdgTarget-
sdGoalRel property,
o class sdGoal relation to class sdgAgenda (SDG Agenda) through hassdGoal-
sdgAgendaRel property, and
o class sdGoal relation to class visPillar (Vision Pillar) through hassdGoal-

pillarMap property (external relation).
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Vision Indicator (VISI) Knowledge Model
The Vision Indicator (VISI) Knowledge Model represents the Vision Indicator, visi, in
connection with relating performance variables. Class visi is at the core of the VISI

knowledge model (Figure 6.3).

| VisAgenda
@ S
hasP\IIar wsAgendaReI R - E5C e

J— k —
visPillar e \ g -
(" dataColMeth 1 ( dataColFreq

ey

/ asVisiMeasDesc computeDesc
: . ™ \ hasV|5|Desc p 4 l\p_)
v

-pil .
has\-’\sOutCome pillarRel — has\:‘mDataCoIMeth \ y hasV|5|DataCoIFreq -

e — ]
!

- )
hasV|5|FormuIaDe \ /
vaIDsagFactor e S& o/ hastComputeDesc
\ B hasVisiName

hasV\suVaIDsagFa_ctor T I‘-. f,*' e .
visOutcome hasVisi-visOutcomeRel — ; = -
__hasVisiformula™ = T ThasVisiCode T
formu\a - = - — - code
hasV|5|Dat§-Srrc, VNN hastUtheasure
- e \\ “\
hasV|5|SubTheme “, N unltMeasure
has\-’ls\Per‘f
" hasDevtDim hasScopeDum \\

asDim hasThemeDnrn
- g— y, \ N . ndpi
S y b
s \
measDim \ themeDim
visiPerf ‘ npi

/
‘ devtDim scopeDim ’f'
is- a
\
s

hasMe

\
.
.

. A .’.
performance dimension

Figure 6. 3: Vision Indicator Model

Figure 6.3 presents class visi with an external relation to class ndpi through hasvisi-
ndpiMap property. Internally, it has a direct relation with class visOutcome (Vision
Outcome) through hasvVisi-visOutcomeRel property. It also reflects a series of
relations building up from class visi relation to class visOutcome being:
o class visOutcome relation to class visPillar (Vision Pillar) through
hasVisOutcome-pillarRel property, and
o class visPillar relation to class visAgenda (Vision Agenda) through

hasPillar-visAgendaRel property.
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National Development Plan Indicator (NDPI) Knowledge Model
The National Development Plan Indicator (NDPI) Knowledge Model represents the
National Development Plan Indicator, ndpi, in association with relating performance

variables. At the core of the NDPI knowledge model is class ndpi (Figure 6.4).
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Figure 6. 4: National Development Plan Indicator Model

su bThe m e

Figure 6.4 presents class ndpi with a direct relation to class ndpOutcome (NDP
Outcome) through hasNdpi-ndpOutcomeRel property. It also reflects a series of
relations building up from class ndpi relation to class ndpOutcome being:
o class ndpOutcome relation to class ndpTheme (theme) through hasNdpOutcome-
themeRel property,

o class ndpTheme relation to class ndpvVolume (volume) through hasTheme-

volumeRel property, and
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o class ndpVolume relation to class ndpAgenda (ndp Agenda) through hasvolume-

ndpAgendaRel property.

In overall, the Shared Classes and Properties are as follows:

o all indicator classes (afri, sdgi, visi, and ndpi) share the following data

properties: code (identity code), name, desc (description), subtheme,
unitMeasure (unit of measurement), measDesc (measurement description),
computeDesc (computation description), formula, formulaDesc (formula
description), dataSrc (source of data), dataColMeth (data collection method),
dataColFreq (data collection frequency), and valDsagFactor (value
disaggregation factor);

all indicator classes (afri, sdgi, visi, and ndpi) also share dimensional classes
(devtDim - development type of dimensional attribute, measDim - measurement
type of dimensional attribute, scopeDim - scope type of dimensional attribute,
themeDim - thematic type of dimensional attribute) and their relating object
properties (hasDevtDim, hasMeasDim, hasScopeDim, hasThemeDim);

The four dimensional classes share i s-a relation to superclass dimension. That s,
they are all specialisations of the superclass dimension;

All indicator classes (afri, sdgi, visi, and ndpi) share is-a relation to
superclass npi (National Performance Indicator). That is, they are all
specialisations of the superclass npi;

All indicator performance classes (afriPerf, sdgiPerf, visiPerf, and
ndpiPerf) share is-a relation to superclass performance. That is, they are all

specialisations of the superclass performance.

It is on the basis of these shared classes, object properties and data properties that the

consolidated model was drawn.

Consolidated Knowledge Model

Figure 6.5 is a detailed conceptual representation of the consolidated agenda models and

their performance measurement constructs; as well as their relationship and

dimensional attribute interlinkages within and across agendas as shown in Figure 6.5.
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Figure 6. 5: NPIOnto Conceptual Model [129]

As depicted in Figure 6.5, NPIOnto conceptual model provides a snapshot of concepts,

sub-concepts and relations in the development agenda domain within the

Botswana

Integrated Indicator Framework context. It is a conceptual model of the integration

potential in Botswana’s development agenda domain. It provides a better understanding

of NPIs underlying composition structures and other important performance

measurement attributes. Furthermore, it represents relations between NPIs,

as well as

NPIs relations to performance goals and measures for enhanced NPIs comparison

capabilities. Moreover, it served as the blueprint for the formalisation of NPIOnto [129].

6.3.4 Formalisation Phase

The formalisation phase involved the implementation of the ontology in

a formal

language. This pertained to the codification, in Protégé OWL description logic

expressions, of both the consolidated knowledge model/schema as shown in the first

three columns of Figure 6.6 and the knowledge base as shown in the fourth

column of

Figure 6.6. The formalised NPIOnto version is accessible through this figshare link,
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National Performance Indicator Ontology (NPIOnto). OWL with its explicit formal

semantics was used to capture knowledge on NPIs in a machine interpretable way. The

following subsections describe NPIOnto formalisation.

Formalisation of the Knowledge Model (NPIOnto Schema)

The knowledge model is a semantic representation of the terminological knowledge
which includes the terms used to describe data (classes/concepts); relations
(facets/roles/slots/properties); restrictions; rules; and axioms [130]. Thus, the
formalised NPIOnto knowledge model shown in Figure 6.6 comprises classes
(superclasses and subclasses) and relating object and data properties (superproperties

and subproperties).

Classes Data properties Object properties Individuals
owl:Thing B owltopDataProperty B owltopObjectPropery & 2030_16.1.4
afrAspiratn ¢ B genericProperty o- WM hasAgendaMapping ) 2030_16.10.1
afrimpPlan B dcterms:description (¢ ¢ B hasAgendaRelation & 2030 16.2
afrPriority Bl dcterms:identifier (dct o B hasAfrRelation & 2030_16.2.2
o agenda B S10_000116 o~ B hasNdpRelation ® 2030_15 23
dimension ¢ B specificProperty o= WM hasSdgRelation -
devtDim ¢ W dateProperty o mmhasVisRelation @ 2030_16.3
measDim B hasEffYr ¢ mm hasDimension & 2030_16.3.1
scopeDim B hasExpYr B hasDevtDim & 2030_16.3.2
themeDim B hasPerfYr B hasMeasDim & 2030 164
goal ¢ W goalProperty B has ScopeDim & 2030 16.4.2
ndpVolume ¢ W npiProperty ¢ W hasPerformance . 2030 16.5.1
npi W hasComputeDesc B hasAfriPerf ¢ 2030_16 5.2
afri W hasDataColFreq B hasNdpiPerf -
ndpi m= hasDataColMeth = has SdgiPerf ® 2030_166
sdgi BN hasDataSrc B hasVisiPerf & 2030_16.6.1
visi B hasFormula ¢ mmisAgendaMappingOf @ 2030_16.7.2
outcome B hasFormulaDesc W isAfri-sdgiMapOf ' 2030_16.8
performance B hasMeasureDesc B is SdGoal-pillarMa; ¢ 2030_16.8.1
afriPerf B hasSubTheme B isVisi-ndpiMapOf ,. 2030_16.9
ndpiPerf B hasValDsagFactor ¢ WM isAgendaRelationOf & 2030 16.9.1
sdgiPerf B SDGIO_00000002 o= B isAfrRelationOf ® 2030_16 a
visiPerf BN SDGIO_00000242 o~ WM isNdpRelationOf -
target m SIO_000221 o mmisSdgRelationof ‘@ 2030_16.a.1
afrTarget o- WM perfValProperty o mmisVisRelationof  ® 2030_17.1
sdgTarget o B targetProperty o B isDimensionOf & 2030_17.11
visPillar o= M isPerformanceOf & 2030_171.2

Figure 6. 6: Formalised NPIOnto Knowledge Model Sample Extract

The first column in Figure 6.6 is a hierarchical presentation of NPIOnto classes organised
into a superclass-subclass hierarchy/taxonomy in which subclasses specialise or are
subsumed by their superclasses. The second column of Figure 6.6, data properties, are

also organised into a superproperty-subproperty hierarchy. Data properties describe
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relations between a class instance and its data value. That is, they specify the data
attributes and the corresponding data types. Object properties (third column of Figure
6.6) specify relations between classes and these relations are further inherited by class
instances. That is, object properties describe relationships between instances of two
classes. Object properties link instances in the domain class to instances in the range
class. NPIOnto object properties are also organised in a taxonomy. The last set of NPI
definitions are the annotation properties (sample shown in Figure 6.7) used to augment

additional information or metadata to classes, individuals and object/data properties.

Active ontology = | Entities = | Individuals by class = | DL Query =

Annotations | Usage Superclass hierarchy (inferred)

Asserted ~ BNl EER RS VY]

afrAspiratn Annotations
airlmlpPllan rdfs:label [type: xsd:string]
afrPriority
agenda Sustainable Development Goal 1
dimension
goal rdfs:;comment  [type: xsd:string]
afrGoal SD Goal 1 of Agenda 2030
ndpTheme hasinstanceCode  [type: xsd:string]
ndp\.-'olume 2030_SDG1
' npi
; afri
ndpi Description: 2030_SDG1

Direct instances: 2030_SDG1

Types

.+ ﬁ sdGoal

For: sdGoal

& 2030_5DG10 & 5DGIO_00000035
& 2030_5DG11
& 2030_sDG12
& 2030_sDG13
& 2030_SDG14
& 2030_5DG15
& 2030_sDG16
& 2030 SDG17

Different Incividuals

Figure 6. 7: NPI Annotation Properties Extract (SDG 1)

As reflected in Figure 6.7, all individuals, data and object properties use the rdfs: label
and rdfs:comment annotation properties. The third annotation property
(hasInstanceCode) is a custom property that identifies each unique instance. There is
also the dcterms:RightsStatement property that has been used to define the

openness of NPIOnto for free use, reuse and redistribution (the creative commons

license).
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Overall, the formalised NPIOnto model represents NPI definitions as a combination of NPI
concepts/classes and their applicable data, object, and annotation properties. NPIOnto
concepts and corresponding properties have been modelled to address the semantic
representation needs in the Botswana development agenda domain that pertain to NPI
disambiguation, disaggregation, integration, interoperability, multidimensionality, and
reasoning capabilities. The modelling of each of these semantic capabilities is discussed

in the following subsections.

NPI Disambiguation Capability Modelling
The superclass npi represents a quantitative measure for evaluating development
agenda performance. Firstly, the npi definition encompasses the attribute descriptive
semantics being hasNpiCode (unique identifier), hasNpiName, hasNpiDesc
(description), and hasNpiSubTheme. Secondly, it encompasses the measurement
descriptive semantics being hasUnitMeas (unit of measurement), hasMeasureDesc
(measurement description), hasComputeDesc (computation description), hasFormula,
and hasFormulaDesc (formula description). Thirdly, it encompasses the data
descriptive semantics being hasDataSrc (data source), hasDataColMeth (data
collection method), hasDataColFreq (data collection frequency), and
hasValDsagFactor (value disaggregation factor). This provides npi clarity in terms of
its make up (attributes), measurement and data composition. For contextual clarity all
data properties are further clarified with the xsd:string data type which is further
disambiguated for specific properties as follows:
o npi code property is further clarified with links to dcterms:identifier and
SDGIO:00000242 properties,
o all name properties are further clarified with links to dcterms:title and
SI0:000116 properties,
o All description properties are further clarified with links to
dcterms:description and AFX:0002802 properties. The specific description
for npi property description is SDGI0: 00000002,
o The sub-theme property is further clarified with links to dcterms: theme,

o The unit of measurement property is further clarified with links to ST0 000221,
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o The value disaggregation property is further clarified with links to
AFX:0002801,
o The data source property is further clarified with links to dcterms:source, and

o The data collection frequency property is further clarified with links to

dcterms:Frequency.

NPI Disaggregation Capability Modelling

The model implements a lower-level data disaggregation as depicted in Figure 6.8.

Aggregate Performance Value Disaggregated Performance Value
Y-l hasAgPerfval V- hasDsagPerfVal
== hasAgVal-agriExptSubsdy VIl hasAgeDsagVal birthReg
- I hasAgVal-agriOffciFlow i B hasBirthRegDsagVal-0yr
I BN hasAgVal-agriOrienttnindx i - EH hasBirthRegDsagVal-1yr
-~ W hasAgVal-asistdPvrty . W hasBirthRegDsagVal-2yr
- Il hasAgVal-bankVol - mM hasBirthRegDsagVal-3yr
-~ Il hasAgVal-birthReg . L..mm pasBirthRegDsagVal-dyr
I hasAgVal-chidLabor B hasAgeDsagVal-mgrEarng

- M hasAgVal-cleanEnergyUse
; B hasAgVal-domTaxFunding

- M hasAgVal-dsastrStrigyExst
- I hasAgVal-dsastrvctm

Ml hasAgVal-eduPart

~ [l hasAgVal-electrAcces

- M hasAgVal-forestArea

-l hasAgVal-fundd StatsPlanExst
; N hasAgVal-gdpGrowthRt

- Il hasAgVal-gdpLaborSh

- M hasAgVal-gndrSysExst

- M hasAgVal-hivinfectn

« [l hasAgVal-humRgtsinstExst
- M hasAgVal-indValAdd

- M hasAgVal-internetSubscr

I B hasAgVal-internetUser

- [l hasAgVal-intIPvrty
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- Il hasAgVal-legalF rmwrkExst
- [l hasAgVal-math Skl

I hasAgeDsagVal-nonprtnrSexViol
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BE hasGndrDsagVal-trickDeath
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Figure 6. 8: NPI Disaggregation Extract (SDGI 16.9.1)

Figure 6.8 defines additional data properties that provide capabilities to express npi
values in aggregate terms (hasAgPerfval) and to also disaggregate the values to the
lowest levels of granularity specified per agenda (hasDsagPerfVval). For instance, on the
left column, hasAgval-birthReg (birth registration aggregate performance value) is
disaggregated by age (hasAgeDsagVal-birthReg).The specification of the
disaggregated values are as follows (right column):

o hasBirthRegDsagVal-0yr (the less than one year category),

o0 hasBirthRegDsagVal-1lyr (the less than two years category),
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o hasBirthRegDsagVal-2yr (the less than three years category),
0 hasBirthRegDsagVal-3yr (the less than four years category), and

o hasBirthRegDsagVal-4yr (the less than five years category).

NPI Interoperability Capability Modelling
The formalised NPI ontology models NPI interoperability in terms of shared data
properties for shared classes introduced in Subsection 6.3.3. The shared classes and their
shared data properties enhance interoperability by providing a common data
representation format which preserves the data context and meaning as content is shared
across agendas. The formalised NPI interoperability capability modelling is as follows:
o superclass npi (hasNpiAtt) data properties are shared between the afri,
sdgi, visi, and ndpi subclasses,
o superclass agenda (hasAgendaAtt) data properties are shared between
afrAgenda, sdgAgenda, visAgenda, and ndpAgenda subclasses,
o superclass performance (hasPerfAtt) data properties are shared between
afriPerf, sdgiPerf, visiPerf, and ndpiPerf subclasses,
o superclass dimension (hasDimensionAtt) data properties are shared
between devtDim, measDim, scopeDim, and themeDim subproperties,
o superclass goal (hasGoalAtt) data properties are shared between afrGoal
and sdGoal subclasses,
o superclass outcome (hasOutcomeAtt) data properties are shared between
ndpOutcome and visOutcome subclasses,
o superclass target (hasTargetAtt) data properties are shared between
afrTarget and sdgTarget, and
o superclass date (hasDateAtt) data properties are shared between agenda
and afrImpPlan classes.
These semantic interoperability promotes reusability of data properties across the

Botswana Integrated Indicator Framework domain.

NPI Integration Capability Modelling
The formalisation of the integration capability involved the creation of linkages at both

the individual and consolidated agenda levels based on shared object properties as
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reflected in the third column of Figure 6.6 (Subsection 6.3.4). At the individual level for

Africa Agenda, semantic integration is through object properties as follows:

©)

(@]

hasAfri-afrTargetRel object property links afri to afrTarget instances,
hasAfrTarget-priorityRel objectpropertylinksafrTargettoafrPriority
instances,

hasPriority-afrGoalRel object property links afrPriority to afrGoal
instances,

hasAfrGoal-aspiratnRel object property links afrGoal to afrAspiratn
instances,

hasAspiratn-impPlanRel object property links afrAspiratn to afrImpPlan
instances, and

hasImpPlan-afrAgendaRel object property links afrImpPlan to afrAgenda

instances.

At the individual level for SDG Agenda, semantic integration is through object properties

as follows:

o

o

hasSdgi-sdgTargetRel object property links sdgi to sdgTarget instances;
hasSdgTarget-sdGoalRel object property links sdgTarget to sdGoal
instances; and

hasSdGoal-sdgAgendaRel object property links sdGoal to sdgAgenda

instances.

At the individual level for Vision Agenda, semantic integration is through object

properties as follows:

o

o

hasVisi-visOutcomeRel object property links visi to visOutcome instances,
hasVisOutcome-pillarRel object property links visOutcome to visPillar
instances, and

hasPillar-visAgendaRel object property links visPillar to visAgenda

instances.

At the individual level for NDP Agenda, semantic integration is through object properties

as follows:

o

hasNdpi-ndpOutcomeRel object property links ndpi to ndpOutcome instances,
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hasNdpOutcome-themeRel object property links ndpOutcome to ndpTheme
instances,

hasTheme-volumeRel object property links ndpTheme to ndpVolume instances,
and

hasVolume-ndpAgendaRel object property links ndpvolume to ndpAgenda

instances.

At the consolidated agenda level, integration across agendas are as follows:

(@]

©)

o

hasAfri-sdgiMap object property links afri to sdgi instances,
hasSdGoal-pillarMap object property links sdGoal to visPillar instances,
and

hasVisi-ndpiMap object property links visi to ndpi instances.

In addition, the superclass constructs (first column of Figure 6.6) integrate performance

at the consolidated agenda level using subsumption relations as follows:

o

agenda concept integrates the four agendas (Africa Agenda - afrAgenda, Vision
Agenda - visAgenda, SDG Agenda - sdgAgenda, and NDP Agenda - ndpAgenda),
goal concept integrates the development goals for the two agendas (Africa
Agenda - afrGoal, and SDG Agenda - sdgGoal),

outcome concept integrates the development outcomes for the two agendas
(Vision Agenda - visOutcome, and NDP Outcome - ndpOutcome),

target concept integrates the development targets for the two agendas (Africa
Agenda - afrTarget, and SDG Agenda - sdgTarget),

performance concept integrates performance values for four agendas (Africa
Agenda performance - afriPerf instance, NDP performance - ndpiPerf, SDG
performance - sdgiPerf, and Vision performance - visiPerf),

dimension concept integrates the four dimensions (development dimension -
devtDim, measurement type dimension - measDim, scope dimension - scopeDim,
and theme dimension - themeDim), and

npi concept (the main concept at the core of NPIOnto) further integrates all the
consolidated indicator concepts (afri, sdgi, visi, ndpi, performance, and
dimension) into a single unified representation. This integration is using

subsumption (superclass-subclass or inheritance or is-a) relations for the afri,
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sdgi, visi, ndpi concepts while the hasPerformance superproperty is used for
the performance concept and the hasDimension superproperty for the dimension

concept.

NPI Multidimensionality Capability Modelling
The multidimensional capability modelling is represented by the relation between the
npi superclass. The dimension superclass represents the different perspectives of
viewing, analysing, grouping, and querying data on NPI and relating performance
measures. It has four subclasses being:
o scopeDim (an NPI can be applicable at the national, regional or global level),
o devtDim (an NPI can either address an economic, social, or an environmental
issue),
o themeDim (an NPIrelates to a thematic area which can either be an Africa Agenda,
SDG Agenda, Vision Agenda, or NDP Agenda theme), and

o measDim (an NPI can either be a base, aggregate, or derived measure).

NPI Reasoning Capability Modelling

The reasoner makes inferences across the body of knowledge represented in an ontology
[131]. The reasoning and logical inferencing is enabled by the following ontology
specifications: class and property hierarchy (inheritance); property domain and range;
relations between classes (subsumption, disjointness, equivalence, union, intersection);
cardinality (minimum, maximum, exact number); equality (same as); richer typing of
properties (object vs. datatype, specific datatypes); and characteristics of properties /
special properties (transitive, symmetric, functional, inverse functional) [132]. Thus, this
section discusses some of these reasoning features as applied in NPIOnto.

Firstly, NPIOnto subsumption relations pertain to superclass-subclass relations and the

superproperty-subproperty relations as demonstrated in column 1 of Figure 6.6.
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Annotations | Superclass hierarchy (inferred)
Asserted -

- g owl:Thing v sdgi|

afrAspiratn v-- ) npi
afrimpPlan owl:Thing
afrPriority

agenda

dimension

goal

ndpTheme

ndpVolume

- npi

affi
ndpi

-0 visi
outcome
performance
target
visPillar has SdgiPerf some sdgiPerf

npi

SubClass Of

General class axioms
SubClass Of (Anonymous Ancestor)

hasDimension some dimension
hasPerformance some performance

Figure 6. 9: Fragment of Reasoner Inference for SDGI

These relations enable subsumption reasoning over subclass and subproperty relations,
and can be automatically computed by a reasoner as demonstrated in Figure 6.9.
Executing the sdgi class query for superclasses automatically retrieves the direct
superclass (npi) and the root superclass being owl:Thing (upper part of column 2).
Based on the explicit definitions, the reasoner infers that class sdgi is a direct subclass
of class npi as reflected in the left column and is also directly related to class sdgiPerf
through a specific property link, hasSdgipPerf. It also infers that sdgi has indirect
(ancestor) relationships to class dimension through hasbDimension property and to
class performance through hasPerformance property. That is, the two are directly
related to npi and the reasoner deduces the subclass relations on the basis of the

superclass relations.

Secondly, NPIOnto classes’ disjointness involves a separation of a group of classes from
one another to ensure that an individual which has been asserted to be a member of one
of the classes in the group cannot be a member of any other class in that group. As there
are no overlapping classes for NPIOnto, for effective reasoning capabilities, the first set

of disjoint classes encompasses the six superclasses being agenda, performance,
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dimension, goal, outcome and target. The second set of disjoint classes are all
subclasses of the six superclasses to enforce that a superclass instance belongs to only
one subclass. The third set of disjoint classes encompasses all other subclasses of the
owl:Thing class being afrImpPlan, afrAspiratn, afrPriority, ndpTheme,
ndpVolume, and visPillar to ensure that an individual (or object) cannot be an
instance of more than one of these subclasses. The npi superclass is excluded from all
sets of disjoint classes as its subclasses have equivalent mappings, i.e.,, AFRI 1 (A1-G1-

P1-T1-1I1)is equivalentto SDGI 8.1.1.

Thirdly, NPIOnto inverse object properties enable effective reasoning capabilities, the
definition of NPIOnto object properties includes also their inverses for more flexible and
well-grounded inferences as reflected in the object properties’ section (Figure 6.6). The
inverse properties represent the swapped over property domain(s) and range(s) for
object properties:

O isAgendaMappingOf is the inverse of hasAgendaMapping,

o isAgendaRelationOf is the inverse of hasAgendaRelation,

O 1sDimensionOf isthe inverse of hasDimension (Figure 6.10), and

0 1isPerformanceOf is the inverse of hasPerformance.

Fourthly, NPIOnto transitive object properties include all superproperties to enable
inheritance of the superproperties by the subproperties. If a property is transitive, and
the property P relates individual X to individual Y, and also individual Y to individual Z,

then it can be inferred that individual X is related to individual Z via property P.

J
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Object property hierarchy. hasDimensior ][ S = & RFSIRETRERIVEERE

= | = | | 29 LELELCL IR Annotations: hasDimension

V- owltopObjectProperty

: g Annctations
b hasAgendaMapping
"- hasAgendaRelation rdfs:label  [type: xsd:string]
A _lhasDimension| hasDimension
B hasDevtDim
B hasMeasDim rdfs:comment  [type: xsd:string]

B has ScopeDim

Superprope rouping of object properties for superclass dimension
- Il hasThemeDim perproperty grouping Jectprop .

b B8 hasPerformance
bW isAgendaMappingOf Characteristics: has 20 = ® = || Description” hasDimension
b isAgendaRelationOf
V- isDimensionOf Functional Equivalent To
B jsDevtDimOf
B isMeasDimOf Inverse functional
B s ScopeDimOf - SubProperty Of
- EEisThemeDimOf v Transitive
)W isPerformanceOf , -
Symmetric Inverse Of
. N isDimensionOf
Asymmetric
Reflexive Domains (intersection)
Irreflexive npi

Ranges (intersection)

dimension

Figure 6. 10: NPIOnto Inverse and Transitive Object Property Extract

As reflected in Figure 6.10, if hasDimension property relates AFRI A to economic
development dimension, and hasDimension property also relates the economic
development dimension to SDGI S, then it can be inferred that AFRI A is related to SDGI S
through the hasDimension property. That is, the two indicators from two different
agendas are related in the sense that they share the same property. Therefore, they are

interoperable and integrable through the shared property.

Fifthly, NPIOnto domain and range restrictions pertain to NPIOnto properties. The domain
and range restrict the possible values (instances) of subject and object of a given property
to members of a specific class or type. The domain restricts what kinds of resources or
members of a class can be the subject of a given property in an RDF triple while the range
restricts what kinds of resources/members of a class or data types (literals) can be the
object of a given property in an RDF triple [132]. For instance, Figure 6.10 specifies the
potential instance relations (inverse) for isDimensionOf property as pertaining to

members of the two classes, npi and dimension.
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Sixthly, NPIOnto quantifier restrictions definitions are mainly existential restrictions. An
existential restriction is a logical restriction that applies to a class of individuals that have
atleast one given property relationship to individuals that are members of the class being
restricted. The sample restrictions reflected in the second column of Figure 6.9 are
summed up by the description logic expressions:
3 hasDimension dimension (D

3 hasPerformance performance (2)
In these expressions hasDimension and hasPerformance are properties, 3 is the
quantifier for at least one, and class dimension and class performance are fillers. The
first expression (Eq. (1)) describes a class of individuals that have at least one
hasDimension relation to individuals that are members of the class dimension. The
second expression (Eq. (2)) describes a class of individuals that have at least one
hasPerformance relation to individuals that are members of the class performance. As
performance differs per agenda, the second DL expression relations are further
constrained to a specific agenda (Egs. (3) and (4)).

3 hasAfriPerf afriPerf (3)
In Eq. (3) the subclass afri performance is constrained to subclass afriPerf (afri
performance) instance relations through subproperty hasAfriPberf.

3 hasSdgiPerf sdgiPerf (4)
In Eq. (4) the subclass sdgi performance is constrained to subclass sdgiPerf (sdgi
performance) instance relations through subproperty hassdgiperf.

3 hasVisiPerf visiPerf (5)
In Eq. (5) the subclass visi performance is constrained to subclass visiPerf (visi
performance) instance relations through subproperty hasvisiperf.

3 hasNdpiPerf ndpiPerf (6)
In Eq. (6) the subclass ndpi performance is constrained to subclass ndpiPerf (ndpi
performance) instance relations through subproperty hasNdpiPerf.
These restrictions constrain the relations between concepts to specific domain entities

for improved machine understandability of concepts relations.
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Formalisation of the Knowledge Base (NPIOnto Knowledge Base)

The knowledge base comprises the knowledge model (classes, and data and object
properties); individuals or instances of classes; and ground facts asserting the situation
between these individuals (data property assertions). As depicted in Figure 6.11,
individuals as specific entities in the universe of discourse, are tied to the knowledge

model. That is, individuals conform to the schema structure.

Annotations | Usage | Superclass hierarchy (inferred)
LUELLCLVIR N Annotations: 2030_15.5.1

»-- (0 dimension Annotations

" - goal rdfsilabel  [type: xsdstring]
B ndpTheme
@ ndpVolume 15.51
y npi

rdfs:label  [type: xsd:string]

afri
------ ndpi indicator 1 under target 5 of goal 15 for agenda 2030
------ visi hasinstanceCode  [ype: xsd:string]

»-- @ outcome 2030_15.51

»-- () performance

F- @ target Property assertions: 2030_15.5.1

- - visPillar Ohbject property assertions

Direct instances: 2030 1551 = hasDeviDim dvtDim_env
L 385 W hasMeasDim msrDim_bas
For: sdgi W hasSdgiPerf sdg2030Prf_2015-15.5.1
& 2030_14.4.1 B hasScopeDim scpDim_nat
& 2030_145.1
& 2030_14.7.1 Data property assertions
® 2030_15.11 = hasFormula "RLIt=1 - [[Ss Wcit,s) | (WEX ™ N)]"~Axsd:string
: ;g:g_: 21: B hasDataColMeth "correspondence, workshops, and electronic fora"**xsd:string
& 2030 15422 B SDGIO_00000002 "Red List Index"**xsd:string
B hasComputeDesc "1) multiply @ Red List Cat. by wght; 2) sum values; 3) divide sum by max.
& 2030_15.7.1 string
& 2030_15.a.1 Bl hasValDsagFactor "national & regional indices for birds, mammals, amphibians, corals & cy
& 2030_15b.1 B S|0_000221 “Number”**xsd:string
® 2030 151 B SDGIO_00000242 "15.5.1"~Axsd:string

Figure 6. 11: Fragment of NPIOnto knowledge base Instance for SDGI 15.5.1

Figure 6.11 depicts the creation and description of individuals in terms of subclass sdgi
and relevant annotation, data and object property assertions. Also, the NPIOnto
knowledge base adopts the unique performance indicator reference codes to serve as
individual names. As OWL does not use the Unique Name Assumption for individual
names, this serves to avoid a situation where an individual could be associated with

numerous diverse names.

Overall, Table 6.5 displays the NPIOnto summary extract in the form of metrics derived

from the Protégé development environment.
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Table 6. 5: Summary of NPIOnto Knowledge base Matrix Extract

Metrics Data property axioms

Axom 104154 SubDataPropetyr 198

Logical axiom count G662

Declaration axioms count 1061

Clags count 35

Object proparty counl T CrataPraperyDaomain 230

Diata praperty count FiG) DiataPropertyRange 207

Individwal count T42 i

Annptztion Praparty count 5 Individual axioms

Classassartion 513

Class axioms OhjeciFropertyAssetion 1142

SubClassOr 8 DataPropertyAsseron ITED

DisjointClasses &

Samelndnidual 1ra

Object property axioms Annotation axioms

SubObjectPropartyQf [i7] Annotationsssartian 2435

ImversadbjeciProparties ¥

FunctionalObjectProperty 7

InverseFunclionalObjectPropearty ki

TransitveOtjeciPropery 16

OnjeciProperyDomain 58

OnjeciProperyRange 58

These values are the basis for the computations of evaluation metrics for both NPIOnto

knowledge model and knowledge base presented in the next section, Section 6.3.5.

6.3.5 Evaluation Phase

The evaluation phase pertains to the assessment of the effectiveness of ontologies [117].
The design effectiveness evaluation was conducted to establish the effectiveness of the
ontology design with the use of metrics to evaluate both the knowledge model (schema)
and the knowledge base (instances) designs. The Knowledge model metrics were used to
evaluate ontology design and its potential for rich knowledge representation in terms of
Attribute, Inheritance and Relationship Richness, as well as the Axiom/Class Ratio [133],

[134]. The knowledge base metrics were used to evaluate the placement of instance data
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within the ontology (Average Population) and the distribution of instances across classes

(Class Richness) [134], [133].

Firstly, the knowledge model (schema) metrics used to evaluate NPIOnto knowledge
model are Attribute Richness, Inheritance Richness, Relationship Richness, and
Axiom/Class Ratio [133]. Attribute Richness measures the amount of information
conveyed by the ontology. As a measure of ontology design quality, this measure is
determined by the number of attributes (slots) per class which gives the amount of
information pertaining to instance data [133]. The Attribute Richness for NPIOnto was
computed using Eq. (7) adopted from [134]:

Attribute Richness = %, (7)

Where ATT is the number of class attributes, and C is the number of classes.

Inheritance Richness measures the distribution of information across different levels of
the ontology’s inheritance tree or the fan-out of parent classes. An ontology with a low
Inheritance Richness would be of a deep (or vertical) ontology which indicates that the
ontology covers a specific domain in detail. An ontology with a high Inheritance Richness
would be a shallow (or horizontal) ontology which indicates that the ontology represents
a wide range of general knowledge with a low level of detail. The Inheritance Richness of
the schema is defined as the average number of subclasses per class [133]. The

Inheritance Richness for NPIOnto was calculated using Eq. (8) adopted from [133]:

Inheritance Richness = Y. Ci € C Wfl'ci)l, (8)

Where the number of subclasses of a class is H°(C1, Ci) = no of subclasses of class Ci;,
and H is the number of inheritance relationships.

Relationship Richness measures the diversity of the types of relations in the ontology. An
ontology that contains only inheritance relationships conveys less information than an
ontology that contains a diverse set of relationships. Relationship Richness is represented
as the percentage of the non-inheritance relationships between classes compared to all
the possible connections that can include inheritance and non-inheritance relationships.

The Relationship Richness for NPIOnto was calculated using Eq. (9) adopted from [133]:

Relationship Richness = ——, (9
|IsA+P|
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Where P is a number of non-Is-A relationships, and IsA is a number of Is-A relationships.

Axiom/Class Ratio measures the ratio between axioms and classes [133]. This metric
represents the relation between the classes containing attributes and all classes. As
axioms are ontology statements that serve as the basis for reasoning, a positive high value
indicates that the ontology is a rich source of reasoning. The Axiom/Class Ratio for

NPIOnto was calculated using Eq. (10) adopted from [133]:

Axioms

Axiom/Class Ratio = (10)

Classes

The calculated values of the knowledge model metrics, as well as their interpretation, are

found in Table 6.6.

Secondly, the knowledge base metrics used to evaluate NPIOnto knowledge base are
Average Population and Class Richness [133]. Average Population measures the average
distribution of instances across all classes. This measure is an indication of the number
of instances compared to the number of classes. The Average Population of NPIOnto

knowledge base was calculated using Eq. (11) adopted from [133]:

Average Population = %ll’ (11)
Where [ is the number of instances in the knowledge base, and C is the number of classes

defined in the ontology schema.

Class Richness measures how instances are distributed across classes. The number of
classes that have instances in the knowledge base is compared with the total number of
classes. If the knowledge base has a very low Class Richness, then it does not have data
that exemplifies all the class knowledge that exists in the schema. On the other hand, a
knowledge base that has a very high Class Richness would indicate that the data in the
knowledge base represents most of the knowledge in the schema [133]. The Class
Richness of NPIOnto knowledge base was calculated using Eq. (12) adopted from [133]:
lc'|

Class Richness = L (12)

Where C’ is the number of non-empty classes, and C is the number of classes defined in

the ontology schema.
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The calculated values of the knowledge base metrics, as well as their interpretations are
shown in Table 6.6 which provides the summary of NPIOnto evaluations using metrics
displayed in Table 6.5 and described in the above section. The values in Table 6.6 were
computed as follows. The Attribute Richness for NPIOnto was calculated using Eq. (7).
The attribute values for NPIOnto are as follows (Table 6.5): 201 for data properties, 70
for object properties, 5 for annotation properties, and 35 for classes. This gives the
Attribute Richness value of 7.89. On a scale of 8 for Attribute Richness, the value of 7.89
for slot count represents a very high amount of NPI domain knowledge conveyed by
NPIOnto.

According to the calculation by Eq. (8) with values of the number of subclasses of a class
and the number of inheritance relationships being 23 and 35 respectively (Table 6.5), the
Inheritance Richness value for NPIOnto is equal to 0.8. The value of 0.8 on a scale of 8
indicates a very deep level of domain representation. Thus, NPIOnto covers the

development agenda domain in detail.

Table 6. 6: Summary of NPIOnto Knowledge Model and Knowledge base Evaluations

S/N  Metrics NPIOnto Value Interpretation
Values

1. Attribute 8.0 Very high value. Represents a very high amount of NPI
Richness domain knowledge conveyed by NPIOnto

2. Inheritance 1.06 Low value. Represents a deep (or vertical) ontology which
Richness indicates that NPIOnto covers the Development Agenda

domain in detail

3. Relationship 0.66 Low value. Minimal diversity of relationships. Most of the

Richness relationships are inheritance relationships, thus NPIOnto

conveys less information than an ontology that contains a
diverse set of relationships

4, Axiom/Class 287.4 Positive high value. The NPIOnto is a rich source of reasoning
Ratio

5. Average 21.2 Positive low value. Reflects an insignificant presence of
Population instances in NPIOnto knowledge base insufficient to

represent all the knowledge in the schema due to less
publications

6. Class 0.6 Low value. Reflects the limited amount of information
Richness available online. Most classes are either empty or have less
instances

The Relationship Richness value of 0.74 reflects a minimal diversity of relations.
According to Table 6.5, of the 70 object properties the majority are inheritance relations
with a SubObjectPropertyOf value of 62. Other relations are low or undefined due to

lack of applicable data definitions as shown in Table 6.7.
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Table 6. 7: Summary of Matrix for NPIOnto Object Properties

Object Property Value
InverseObjectProperties 35
FunctionalObjectProperty 27
InverseFunctionalObjectProperty 27
TransitiveObjectProperty 16

EquivalentObjectProperties
DisjointObjectProperties
SymmetricObjectProperty
AsymmetricObjectProperty
ReflexiveObjectProperty
IrreflexiveObjectProperty

O OO O oo

Given the values of 10150 for axioms and 35 for classes (Table 6.5), the value of
Axioms/Classes Ratio is equal 290. The positive high value indicates that NPIOnto is a
rich source of reasoning. Given the values 742 for individual count and 35 for class count
(Table 6.5), the value of Average Population is equal to 21.2. The positive low number
reflects an insignificant presence of instances in NPIOnto knowledge base insufficient to
represent all the knowledge modelled by NPIOnto schema. This is a result of the
publication of a limited amount of information. For instance, NPI performance data
pertain only to SDG Agenda and is to be shared across the four agendas. So, the NPI
performance classes for the other three agendas are currently empty. The Class Richness
value for NPIOnto was as low as 0.6 due to the limited amount of information available

online. As a result, most classes are either empty or have a few individual instances.

6.4 Conclusion
Chapter Six documents how Research Objective 3, demonstration of the preliminary
semantic enrichment framework, addressed Research Question 3 expressed as:
What are the findings of the preliminary semantic enrichment framework
demonstrations?
This research question sought to establish key issues pertaining to one of the main
drivers of the semantic enrichment process modelling (ontology) to factor into the final
ODSE Framework design. For the generic ODSE approach, the deliverable is a list of
applicable generic ontologies selected for the semantic enrichment processing.
For a custom domain ontology, the development of NPIOnto was motivated by the lack of
semantic models for NPIs and related performance measures that represent knowledge

in the development agenda domain within the Botswana Integrated Indicator Framework
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context. The model development involved acquiring and representing knowledge to
enable both user and machine intelligibility for the maximisation of NPIs use and reuse
potentials. The conceptual knowledge models were developed first, analysed and
finalised for implementation. The knowledge model implementation involved its
formalisation which was centred on achieving NPI disambiguation, disaggregation,
interoperability, integration, multi-dimensionality and reasoning capabilities. The last
phase pertained to the evaluation of the NPIOnto structure and content for the
effectiveness of the ontology design through the knowledge model and knowledge base
assessments. The evaluation of NPIOnto proved the effectiveness of its design. However,
the knowledge base evaluations, specifically, the Average Population and Class Richness
revealed the different dimensions of insufficient instances for the class population. This
limitation prompts a need for improvement on the quantity of statistics. There is also a
need for more specific mappings for Botswana national agendas. The Botswana
domesticated SDG Agenda relations to Vision Agenda are generically defined by the
mapping of the Botswana domesticated SDGs to Vision Agenda pillars. The challenge with
implementing these generic mappings is that they have numerous performance measures
associated with them. For instance, Botswana domesticated SDG Agenda generically
maps SDG 16 with 9 targets and 14 indicators (Figure 4.11) to Vision Agenda Pillar 4 with
2 outcomes (Figure 4.9, column 1) and 6 indicators (Figure 4.9, column 2). So, these
mappings must be expressed at the lowest level of granularity for clarity in data
representation. The mapping for Botswana Vision to National Development Plan also
needs to be clearly specified. Overall, this was the first set of evaluations and the second
set of evaluations were focused on the effectiveness of the functionality of the NPIOnto
when deployed in its intended setting as detailed in Chapter Seven, Subsection 7.4.2.
NPIOnto was part of a series of demonstrations of the Ontology-Driven Semantic
Enrichment framework (ODSE Framework) which involved the creation of OD value
(knowledge) by enriching, through NPIOnto constructs, the flat text OD resources with
semantic capabilities pertaining to NPI accessibility, understandability, interoperability,
integrability and intelligibility. Overall, both the generic and custom domain ontologies
are partial solutions to Research Question 3 and serve as the basis for the second part of

the demonstrations in Chapter Seven.
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CHAPTER SEVEN: FRAMEWORK DEMONSTRATION 2
(SEMANTIC ENRICHMENT PROCESSING)

7.1 Introduction

This chapter presents Phase 3 according to Demonstration 2 activities specified in Table
3.2, pertaining to semantic enrichment pre-processing, processing, and post-processing
on the basis of the two ontology approaches discussed in Chapter 6 — the generic and
domain ODSE approaches. The three stages are described in Chapter Five and graphically
represented by Figure 5.1.

7.2 Stage 1: Open Data Pre-processing

The Open Data pre-processing stage description starts with an overview of the pre-
processing input data discussed in detail in the OD presentation needs (Subsection 4.3.1).
That is followed by a discussion of the transformations that were performed on the input
data pertaining to data unification and cleansing, among others. The last discussion is on

the final deliverable of Stage 1.

7.2.1 Pre-processing Input Component

As discussed in Subsection 4.3.2, input data comprises numerous spreadsheet files
presented separately according to the 17 SDGs. For each goal, the data is presented
separately on the basis of each SDGI. The metadata is also presented in a diversity of flat
text data structures. Overall, the pre-processing input is characterised by OD
heterogeneities in terms of access formats and platforms, and data definitions. To address

these limitations, the data had to undergo some pre-processing detailed below.

7.2.2 Pre-processing Data Re-organisation, Cleaning and Transformation
Component

To increase the value-adding potential of SDG Agenda resources, presented in diverse flat

text formats, the data was consolidated into single files per goal. The metadata for relating

agendas was also presented in separate spreadsheet formats. In re-organising this data,

numerous inconsistencies prompted for specific cleaning and transformations. The
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cleaning and transformation process involved the identification and correction of errors

in the datasets and alignment of published data and metadata to the domesticated and

global SDG Agenda definitions. All pre-processing cleaning and transformations were

done manually. Table 7.1 summarises inconsistencies, together with transformations

performed to address the inconsistencies.

Table 7. 1: Datasets Inconsistencies

NPI Inconsistency Inconsistency Type Transformation Cases
SDG Indicators (SDGIs)
2.2.1 Stunting values include NPI & value Removed overweight &
overweight & wasting values  inconsistency wasting values from 2.2.1
(for 2.2.2) to 2.2.2
1.5.1; 1.5.3; 5.1.1; NPI values published in SB NPI & value NPIs added to the
5.c.1;6.4.1; 11.5.1;  portal but NPIs missing in the inconsistency Domesticated SDGI list for
11.b.1 Domesticated SDGI list consistent representation
2.4.1;5.a.1; 14.5.1;  SDGIs mapped to Africa NPI mapping NPIs added to the
14.7.1; 16.1.2; Agenda Indicator but SDGIs inconsistency Domesticated SDGI list for
16.7.2;16.10.1 missing in the Domesticated consistent representation
SDGI list
3al Tabular data attached is for NPI & value Correct value alignment
3.6.1 inconsistency
4.c1 NPI values for literacy & NPI & value No action
numeracy (for 4.6.1) instead inconsistency
of teacher training values
6.4.2 Missing Values Missing values No action
8.5.1 NPI values for manager NPI & value Changed SDGI definition to
earnings instead of male & inconsistency match value definition
female employees' values
Conflicting age ranges of 15- Value disaggregation = Removed 15-35 range &
35&15-17 inconsistency adjusted 15-17 to 15-19
9.c.1 NPI values for medium & NPI & value Did the correct value
high-tech industry value inconsistency matching
added (for 9.b.1) instead of
mobile network coverage
11.5.1 & 13.1.1; Same NPIs with same values NPI definition & No action
15.7.1 & 15.c.1; but different identity codes value duplication
1.53&11.b.1
521 Acronym GBV for value Value ambiguity used specific Gender
definition Based Violence
Inclusion of GBV for all NPI & value Screened out all non-
genders while semantic inconsistency gender specific values
definition specifies women &
girls only
Africa Indicators

Al1-G1-P1-12;
Al1-G1-P1-152;
Al1-G1-P1-153

Missing target, both in the
NPI specification list & NPI
code

Incomplete Semantic
definition

Vision Indicators
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All PIs No identity & relationship Incomplete semantic  Generated both identity &
Codes' definitions definition relationship codes

These inconsistencies are summarised in terms of their prevalence rate (Appendix 5,
Figure Appx 5. 1). The highly prevalent data inconsistency pertain to NPI and value
definitions, followed by incomplete semantic definitions and duplicate NPI definitions
and values. The less prevalent data inconsistencies pertain to missing values, NPI
mapping inconsistencies, ambiguous values, and value disaggregation inconsistencies.

The resulting integrated and transformed data is presented in the next section.

7.2.3 Pre-processing Output Component
The result of the pre-processing stage comprised cleaned and transformed data which is
at this stage flat text resources (spreadsheet) consolidated per goal. Three other
resources were produced from the unstructured data pertaining to the SDG Agenda
metadata, the Africa Agenda metadata, and the Vision Agenda metadata. The pre-
processing output are collections of relevant domain knowledge on NPIs in loose format
as follows (sample screenshots of datasets could be found in the Appendices section).

o Africa Agenda Indicator Dataset (Appendix 1, Table AFR 1),

o Africa Agenda Target Dataset (Appendix 1, Table AFR 2),

o Africa Agenda Priority Dataset (Appendix 1, Table AFR 3),

o Africa Agenda Goal Dataset (Appendix 1, Table AFR 4),

o Africa Agenda Aspiration Dataset (Appendix 1, Table AFR 5),

o Africa Agenda Implementation Plan Dataset (Appendix 1, Table AFR 6),

o Africa Agenda Dataset (Appendix 1, Table AFR 7),

o SDG Indicator Dataset (Appendix 2, Table SDG 1),

o SD Target Dataset (Appendix 2, Table SDG 2),

o SD Goal Dataset (Appendix 2, Table SDG 3),

o SDG Agenda Dataset (Appendix 2, Table SDG 4),

o Vision Indicator Dataset (Appendix 3, Table VIS 1),

o Vision Outcome Dataset (Appendix 3, Table VIS 2),

o Vision Pillar Dataset (Appendix 3, Table VIS 3),

o Vision Agenda Dataset (Appendix 3, Table VIS 4), and
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o Published SDGI data (SDG Agenda Performance data) for SDG 1 to SDG 17
resources (Appendix 4, Table SDGI 1).

The contents of these resources are described in detail in Subsection 6.2.1. Sample

resources have been uploaded to figshare and are available from this link, ODSE

Framework Package 5 - Pre-processed OD Resources for all Agendas. These resources

served as input for the next processing stage.

7.3 Stage 2: Open Data Semantic Enrichment Processing

The Open Data semantic enrichment processing is the OD value (knowledge) creation
stage, comprised of both the integrated flat text resources from Stage 1. In order for this
data to be more understandable, accessible, interlinked, interoperable and intelligible, it
had to be semantically enriched. For increased value-adding potential, the LOD technique
was adopted in the conversion of flat text resources to a rich, flexible and dynamic format
on the basis of ontology constructs. The approach involved the transformation of data to

semantic format and the assignment of URI reference for web interlinking.

7.3.1 Data Enrichment Component

This subsection presents the process of how the flat text resources were transformed to
knowledge resources through LOD-driven semantic enrichment. The demonstration
involved two major activities: 1) the demonstration of semantic enrichment process on
the basis of generic ODSE approach and 2) the demonstration of semantic enrichment
process on the basis of the domain ODSE approach. These ODSE approaches are
introduced in Section 6.1. In both activities, semantic enrichment entailed the

reconciliation and RDFization of flat text resources.

Resource Reconciliation

Resources reconciliation involves a comparison of local metadata values to those in
controlled vocabularies to assess the degree of resource interoperability and integrability
in the Web of Data. For the generic ODSE approach, the reconciliation involved the
alignment of the domesticated SDG Agenda metadata to the global SDGs
repository/registry (SDGIO) for standardisation. For example, the description metadata

for sdgi 1.3.11is published as “The Poor Receiving Government Assistance” while the global
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repository (SDGIO) gives the exact description as provided in the global SDGIs list being,
“Proportion of population covered by social protection floors/systems, by sex, distinguishing
children, unemployed persons, older persons, persons with disabilities, pregnant women,
newborns, work-injury victims and the poor and the vulnerable” [10], [5]. That was
followed by pulling URIs from the SDGIO in matching cases. Therefore, the reconciled
links provide a more accurate description for ease of global integration. The end product
is standardised, interoperable and integrable product for enhanced consumption
capabilities. However, the reconciliation process was successful for only three
performance variables that are defined in the SDGIO, being, goalDesc (goal description);
targetDesc (targetdescription); and sdgiDesc (sdgi description) as shown in Figure

7.1. The reconciled values appear in blue colour.

¥ goalName ¥ goalTheme ¥ goalDesc ¥ targetCode ¥ targetDesc ¥ unigSdgiCode ¥ sdgiCode ¥ sdgiDesc ¥ measureDesc ¥ measureUnit ¥ | measureYear * mate

— ——
Sustainable good health and  ensure 31 By 2030 2030_3.1.1 311 Maternal Maternal mortality ~ per 100,000 2015
Development  well-being healthy lives reduce the mortality ratic  ratio population
Goal 3 and promote global matemal

well-being for mortality ratio

all at all ages to less than 70
= per 100,000
live births

Sustainable good health and = ensure 31 By 2030 2030_31.2 312 Propaortion of nia n'a

Development  well-being healthy lives reduce the births attended
Goal 3 and promote global matemal by skilled
well-being for mortality ratio health
ES to less than 70 personnel

per 100,000 Choao

live births
Sustainable good health and  enst Under-five per 1,000 live 201
gz\:laopment well-being zs:I h_l'l‘p_ gurl.un; .Olglﬂg SDGIO 00020029 ;r;?(ﬂ.zlgt;‘aslepehry births
= oose naw (i
vel - hitp://purl.unep.org/sdg/SDGIO 00020029 DGR,

Under-five mortality rate

Figure 7. 1: Resource Reconciliation in OpenRefine - Generic ODSE Approach

As reflected in Figure 7.1, resource reconciliation connects local metadata to controlled
vocabulary in the Web of Data. With the domain ODSE approach, NPIOnto extended the
reconciliation scope as depicted in Figure 7.2 in which the reconciliation scope includes
matching values for goalName; goalTheme; targetCode and sdgiCode. A high number
of reconciliation matches, signifies the resource’s degree of interoperability and

integrability capabilities.
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¥ | goalName | ¥ goalTheme ¥ | goalDesc ¥ targetCode | tfargetDesc | unigSdgiCode ¥ sdgiCode || sdgiDesc ¥ measureDesc | meas

Sustainable Good Health & Well-being ensure 31 By 2030, 2030_3.11
Development  Choose new match healthy lives  Cho wmatch  reduce the

1 Matemnal Maternal mortality — per 100.0
s mortality raio  ratio populatio

and promote global matemnal
well-being for mortality ratio
all at all ages to less than 70

Chos = per 100.000

Sustainable Good Health & Well-being ensure 31 By 2030 2030_31.2

Proportion of n'a n'a
Development | Choose new match healthy lives Choose new match | reduce the births attended
and promote global maternal by skilled
well-being for mortality ratio health

to less than 70
per 100,000
live births
Sustainab 2030_3.21
Development  hi1ry-//localhost/8080/npiOnto/2030_G3

Go
http://localhost/8080/np10nto/2030_G3

Under-five Under-five per 1,000
mortality rate mortality rate, by births
Choose new sex (deaths per

1,000 live births)

Sustainable Development Goal 3

Goal 3 of Agenda 2030

Figure 7. 2: Resource Reconciliation in OpenRefine - Domain ODSE Approach

Overall, figures 7.1-7.2 demonstrate the scope of reconciliation by ontology type. The
generic ontology (SDGIO) reconciliation yielded only three global matching values
(Figure 7.1) while the domain ontology with more domain specific terms, extended the

reconciliation scope to seven values (Figure 7.2).

Resource RDFization

Resource RDFization refers to the generation of the RDF representation of data that was
originally in a different format or the conversion of data to RDF format [135]. Resource
RDFization involves the addition of a semantic layer, the ontology layer, for its high
potential in maximising semantic enrichment impact. So, in addition to the reconciliation
of flat text resources with links to controlled vocabularies, i.e., the SDGIO, for semantic
interoperability and integrability, the data values were enriched with mappings to those
ontologies. The final product of the mappings is the triple structure that specifies the links

between the data as depicted in Figure 7.3.
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unigSdgiCode URI
dbr:Unique_identifier
Add type

»sio:5I0_000116—

»dbp: Thama—4
3-5dgio:SDGIC_00000000—
3-5dgio:SDGIC_00000074—
»-5dgio:3DGIC_00000001—
»rdfs:label—
3-5dgio:3DGIO_00000242—
3-5dgio:SDGIC_00000002—
»-afo:AFX_0002302—
>sio:310_000221—
»dcterms-date—p
3-5dgio:3DGIO_00000003—
3-5dgio:SDGIC_00000003—
3-5dgio:3DGIC_00000003—
»-5dgio:3DGIC_00000003—
3-5dgio:3DGIO_00000003—
»afo  AFX 0002801

Sl goalName Cell

Sl goalTheme Cell
FlgoalDesc Cell
EltargetCode Cell
EltargetDesc Cell

=l unig3dgiCode Cell
ElsdgiCode Cell
FlsdgiDesc Cell

= measureDesc Cell

= measureUnit Cell
Elmeasure¥ear Cell

=l maternal_mortality_agg Cell
FlunderS_martality_agg Cell
EIHIV_infections_agg Cell
Eltubercolosis_agg Cell
EltrafficDeaths_agg Cell
FltrafficDeaths male Cell

Figure 7. 3: Resource RDFization in OpenRefine - Generic ODSE Approach

As reflected in Figure 7.3, unique identifiers serve as the subjects, Uniform Resource
Identifiers that serve as consistent addressable resource identity [136]. The other data
values serve as objects, the values of the statements made in the triple which could be
literal values such as date or number or another Uniform Resource Identifier in cases
where the value of the resource is another resource [136]. The predicates are
represented by mappings between subjects and objects. A predicate is a Uniform
Resource Identifier that describes the relationship between the resource and the value of
the triple [136].

The mappings specify data properties between the subjects and objects, and all the four
resources are mapped to the chosen generic ontologies specified in Subsection 6.2.4. The
resource mappings specify how each resource is to be addressed in the semantic web.
Thus, the base Uniform Resource Identifier was specified for each resource to serve as a
connection link to other resources both within an individual resource and to external web
resources. For SDGI data, the mappings were drawn separately per goal. Enriching text
values with meaning was meant to improve ease of understanding and interpretation of
publications. For the domain ODSE approach, NPIOnto produced a more specific and rich
semantic enrichment results from its specific/precise meanings and rich semantics

depicted in Figure 7.4.
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unig=dgiCode URI El ¥ »-npio:hasGoalName— E goalName Cell

npio:sdgi »npio:hasThemaDim— [l goalTheme Cell

Add type 3>-npio:hazGoalDesc— [l goalDesc Cell
»-npio:hasTargetCode— [FltargetCode Cell
»-npio:hasTargetDesc— [FltargetDesc Cell
»npio:hazlnstanceCode— [El unigSdgiCode Cell
»-npio:hasNpiCoda— [FsdgiCode Cell
»-npio:hasNpiDesc— [FlsdgiDesc Cell
»-npio-hazsMeasureDesc— Elmeasurelesc Cell
3-npio:hasUnitMeasura— = measureUnit Cell
»-npiohasPerfYr— [ measureYear Cell
3-npio:hasAgVal-matrnlMrialty— =l maternal_mortality_agg Cell
»-npio:hasAgWVal-usMralty —+ [Flunder5_martality_agg Cell
»-npio:hasAgVal-hivinfectn— FEIHIV_infections_agg Cell
»npio:hazdgVal-tubercolosis— [Fltubercolosis_agg Cell
»-npiohasAgVal-trickDeath— [FltrafficDeaths _agg Cell

»-npio:hasTrickDeathDsagVal-m— HtrafficDeaths_male Cell

Figure 7. 4: RDFization in OpenRefine - Domain ODSE Approach

Figure 7.4 reflects linkages to precise meanings and rich, domain specific semantics -
NPIOnto constructs. For instance, there is clarity on aggregate values which are

represented by meaningful data property labels.

Overall, the data enrichment process creates OD value (knowledge) through the addition
of a semantic layer to flat text resources. This stage depicts a LOD-driven semantic model
that integrates the data and its metadata (Section 4.3, Figures 4.2-4.12) for more
contextual and conceptual clarity, and also for standardisation of meaning across the Web
of Data. On the one hand, resource reconciliation creates the accessibility,
interoperability and integrability capabilities in flat text resources by establishing
linkages across the Web of Data. On the other hand, resource RDFization creates the
accessibility, understandability, interoperability, integrability, and intelligibility
capabilities to the data by defining a common meaning and representation format across
the Web of Data. All in all, the data enrichment process serves to enable seamless access
to the data and to establish a common understanding of the data for OD interoperability,
integrability, and intelligibility. In addition, data enrichment process makes use of
ontology constructs (classes, data properties and object properties) that create

understandability and intelligibility (analytical and reasoning) capabilities.

7.3.2 Semantic Enrichment Output Component
The semantic enrichment output is the semantically enriched version of the disparate
raw OD resource publications presented above, ranging from Figures 4.2-4.12 (Section

4.3) published in HTML image, text and graphic formats (Figures 4.2-4.4 and 4.6),
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spreadsheet format (Figure 4.5), API link (Figure 4.7) and XML format (Figure 4.10)
together with corresponding metadata in pdf format (Figures 4.8-4.9 and 4.11-4.12).
These semantically enriched data pieces are the building blocks of intelligent data [63].
Intelligent data is what this research contextualises as, knowledge resource, data that is
systematically processed, and presented in meaningful form for active sharing and for
further assessment and interpretation in the Web of Data [97]. A knowledge resource
holds within itself, both structurally and contextually, all that an application needs to
interpret it [50]. Itis characterised by clarity (explicit definitions and measurements) and
is actionable (supports decision making and implementation) [98]. The output for the
generic ODSE approach is referred to in this thesis as the generic knowledge resource.

Figure 7.5 depicts a sample generic knowledge resource extract for Figure 4.4.

<http:/www.statsbots.ore. bw/data'sdei'seal 162030 16.9.1> a dbrUnique_identifier;

2 dbp:theme "peace, justice and strong institutions";
E afor AFZ 0002801 79" chttp:www . wi.org 2001 5L Schemazing ™,
4 "33"<hitp:worw.w3.orp 2001 XML Schemazint™,

"8o"chitpewoww w3 org 2001 0T Schemaing®>

80, 7" <hitpsware w3 org 2001 ST Schemazint™.

81" chitpwww w3 .org 2001 XM Schemaint>;
aforAFX 0002302 "Proportion of children under 3 vears of age whose births have

been repisterad with a civil authority (%6 of children under 3 vears of age)";
determs:date "2013" " <http:wwrw. w3 org 2001 FZ0L Schemarint™;
sdgio:SDGIO_00000000) "Promote peaceful and inclusive socisties for sustainable development, provide
12 access to justice for all and build effective, accountable and inclusive institutions at all levels";
13 2dgio: SDGIO 00000001 "By 2030, provide legal identity for all, including birth registration”;
14 2dgio:SDGIO 00000002 "Proportion of children under 3 vears of age whose births have been repistered
with a eivil autherity, by age";

zdgio:SDGIO 00000003 "87.5" " <http:werw wi org 2001 3T Schemating™;
sdgio:SDGIO 00000074 "16.9";
sdgio:3DGIO 00000242 "16.9.1";
zi0:510 000116 "Sustainable Development Goal 16"
20 st 310 (00221 "e";
21 rdfs:label "2030_169.1" .

[= T

(Y= =]

[= T

T =]

Figure 7. 5: Generic Knowledge Resource (SDGI 16.9.1 Extract)

Figure 7.5 reflects the use of generic ontologies for standardisation of meaning. The
description of the data is as follows: sample instance of SDG Agenda published data (Line
1); SDGI instance code (Line 21); SDG description (Lines 11-12); SDG name (Line 19);
SDG theme (Line 2); SDG target code (Line 17); SDG target description (Line 13); UN SDG
Indicator ID (Line 18); SDGI description (Lines 14-15); measurement description (Lines

8-9); unit of measurement (Line 20); performance year (Line 10); SDGI aggregate value
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(Line 16); and SDGI disaggregate values (Lines 3-7). In comparison, the output for the
domain ODSE approach is the domain knowledge resource. Figure 7.6 presents a sample

domain knowledge resource extract for Figure 4.4.

<http:www statshots org bw/data’sdri/'peal 162030 _16.8.1> a npiocsde;

2 npiochasAgVal-birthReg 373" <http:woarw w3 org 2001 FMT Schemazing™;

3 npiochasBirthBegDeagWVal-lyr " 79" <httpwranw wl.org 200 130T SchemaFing™,

- npiochasBirthBegDeagVal-1yr "§0"<http:worw wl.org 200 1 30T SchemaFing™>,

npichasBirthBegD=agVal-2vr "38" " <hitp:woaow w3 org 2001 3L Schemazint™;

6 npichasBirthBegD=agVal-3vr "90. 7" “<http:woww w3 org 2000 HML Schemasing®;

npic-hasBirthRegDeagVal-dvr "01""chttp:wanw w3 .org 2001 XML Schemasing >

npic-hazGoealDeze "Promote peacefil and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable

and inclusive institutions at all levels":
11 npiochasGealName "Sustainable Development Goal 16"
12 npiochasInstanceCode "2030_16.9.1";
13 npiochashleasurzDesc "Proportion of children under 3 vears of age whose births have been
14 registered with a civil authority (% of children under 5 vears of age)";
15 npichasNpiCeds "16.9.1";
npichasMNpiDesc "Proportion of children under 3 vears of age whose births have been
repistered with a civil authority, by age";
apic-hasPerf ¥ "2013"~"<http:'warnw. w3.org 2001 30T Schemazting™;
npiochasTargetCode "16.9";
npiochasTargetDese "By 2030, provide legal identity for all, incinding birth registration”;

(=

B =R =]

npiochasThemeDim "peace, justice and strong institutions";

Ed bBd B e ek ek ek
P

ba b

ngsn
o

npicchasUnithIeasure "3" .
Figure 7. 6: Domain Knowledge Resource (SDGI 16.9.1 Extract)

The domain knowledge resource (Figure 7.6) reflects the use of custom domain ontology
(NPIOnto) for standardisation of meaning. The description of the data is as follows:
sample instance of SDG Agenda published data (Line 1); SDGI instance code (Line 12);
SDG description (Lines 8-10); SDG name (Line 11); SDG theme (Line 21); SDG target ID
(Line 19); SDG target description (Line 20); UN SDG indicator ID (Line 15); SDGI
description (Lines 16-17); measurement description (Lines 13-14); unit of Measurement
(Line 22); performance year (Line 18); SDGI aggregate value (Line 2); and SDGI
disaggregate values (Lines 3-7). Sample domain and generic knowledge resources for

SDG16 have been uploaded to figshare and are available in this link, ODSE Framework

Package 6 — Sample Knowledge Resources for SDG16 .

Overall, knowledge resources represent the unified presentation structure and format for
raw OD publications. The unified data in Figures 7.5-7.6 was scattered as demonstrated

by raw OD extracts in Figures 4.2-4.12 (Section 4.3). However, this research has observed
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that the level of clarity differs on the basis of the degree of concepts specification

(contextualisation) for a given semantic enrichment approach or concepts specification

of the ontology/vocabulary used for semantic enrichment. As reflected in Figure 7.6,

NPIOnto properties provide more precise meaning resulting from more clarity in domain

descriptive properties. Above that, NPIOnto provides more clarity in NPI value

disaggregation properties that differentiate between the NPI composite elements. In

short, while the generic knowledge resource achieves standardised publication of data,

the domain knowledge resource extends that by factoring in the precision of meaning as

well. Table 7.2 presents a summary of semantic enrichment approach concepts

specifications of the two semantic enrichment approaches for this case study.

Table 7. 2: Summary of Semantic Enrichment Approach Concepts Specifications

Entity Attribute Generic ODSE Specifications Domain ODSE Specifications
SDGI unique has similar contextual meaning to has similar contextual meaning to
identifier dbpedia property dbr:Unique_Identifier —property npio:hasInstanceCode &
aligns to class npio:sdgi in npiOnto
indicator has similar contextual meaning to has similar contextual meaning to
code object SDGIO_00000242 (UN SDG property npio:hasNpiCode in npiOnto
Indicator ID) in SDGIO ontology
indicator has similar contextual meaning to has the same contextual meaning as
name Semantic Science property SI0:000116  that of property npio:hasNpiName in
(name) npiOnto
indicator has the same contextual meaning as has the same contextual meaning to
description  that of object SDGIO_00000002 (SDGI) npiOnto property npio:hasNpiDesc
in SDGIO ontology
indicator has similar contextual meaning to has the same contextual meaning to
theme dbpedia property dbr:theme npiOnto property npiochasThemeDim
target code  has the same contextual meaning as has the same contextual meaning as
that of object SDGIO_00000074 (Target that of npiOnto property
Code) in SDGIO ontology npio:hasTargetCode
target has the same contextual meaning as has the same contextual meaning as
description  that of object SDGIO_00000001 (SD that of npiOnto property
Target) in SDGIO ontology npio:hasTargetDesc
goal name contextual meaning aligns to that in the  has the same contextual meaning as
Semantic Science resource registry for that of npiOnto property
property SI0:000116 (name) npio:hasGoalName
goal has the same contextual meaning as has the same contextual meaning as
description  that of object SDGIO_00000000 (SD that of npiOnto property
Goal) in SDGIO ontology npio:hasGoalDesc
measure has the same contextual meaning as has the same contextual meaning as
description  that of object AFX: 0002802 (has that of npiOnto property
description) in AFO ontology npio:hasMeasureDesc
SDGI all values are of integer data type as to w3 are of integer data type according to
Value XMLSchema definition w3 XMLSchema definition
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aggregate has the same contextual meaning as has the same contextual meaning as

value that of object SDGIO_00000003 (SDGI that of property npio:hasAgVal-
Value) in SDGIO ontology birthReg in npiOnto
disaggregate represents the diverse disaggregation represents value disaggregation that
value of the aggregate value and have the aligns to superproperty
same contextual meaning as that of npio:hasAgeDsagVal-birthReg with
object AFX: 0002801 (has Categorical similar meaning to one of the following
Value) in AFO ontology subproperties:

npio:hasBirthRegDsagVal-0Oyr;
npio:hasBirthRegDsagVal-1yr;
npio:hasBirthRegDsagVal-2yr;
npio:hasBirthRegDsagVal-3yr;
npio:hasBirthRegDsagVal-4yr

Unit has similar meaning to that in the has the same contextual meaning as
Semantic Science resource registry for that of property npio:hasUnitMeasure
property SI0:000221 (has unit) in npiOnto

Year has the same contextual meaning as has the same contextual meaning as
that of property dcterms:date in the that of property npio:hasPerfYr in
Dublin Core Metadata registry npiOnto

Table 7.2 reveals that the two ODSE approaches have different degrees of
contextualisation. Concepts specification is general for the approach that is focused on
data standardisation, the generic ODSE approach and is more specific for the approach
that is focused on data clarity, the domain ODSE approach. This has cascading impact on
OD value (knowledge) creation potential. For the generic ODSE approach, the knowledge
is more generic while for the domain ODSE approach, the knowledge is more specific to

the development agenda domain within the Botswana Integrated Indicator Framework.

7.4 Stage 3 Open Data Post-processing
The Open Data post-processing stage deals with further processing of the output of
semantic enrichment (knowledge resources) presented in Figures 7.5-7.6. This stage

pertains to knowledge resources integration and publication.

7.4.1 Resource Integration Component

Resource integration component involves the consolidation of individual resources. For
the SDGI data, knowledge resources were generated separately for each SD Goal (column
1 of Figure 7.7). For the metadata, knowledge resources were also generated separately
on the basis of performance definition constructs or elements per agenda (column 2-4 of

Figure 7.7).
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Sustainable Devt Goals Sustainable Devt Africa Agenda 2063 Vision 2036 Agendo

Indicator Data Agenda 2030 Metadata  Metodota Metadata
mj 1. sdgiData-geall Mj 1. indicator-sdgalMe mj 1. indicator-afraMeta "j 1. indicator-visaMeta
mj 2. sdgiliata-geoald mj 2. target-sdgaMeta mj 2. target-afraMeta Mj 2. outcome-visaleta
mj 3. sdgiData-goal3 ”j 3. goal-sdgaMeta mj 3. pricrity-afraMeta mj 3. pillar-visaMeta
mj:i. sdgiData-goald Mj:i. agenda-sdgaMet: mj:l. goal-afraMeta "jq, agenda-visalMeta
m_w| 5. sdgiData-goals m_w| 5. aspiration-afraleta
mj E. sdgiData-goald mj B. impPlan-afraleta
mj 7. sdgiData-goal? mj 7. agenda-afraMeta
mj 8, sdgiData-goald

mj 9. sdgiData-goald

| 10. sdgiData-goal10
| 11. sdgiData-goal11
|12, sdgiData-goal12
13, sdgiData-goall3

| 14, sdgiData-goalld
| 15. sdgiData-goall5
| 16. sdgiData-goal 16
] 17. sdgiData-goal17

Figure 7. 7: Knowledge Resources per Agenda

These knowledge resources are a product of the generic ODSE approach to semantic
enrichment. For ease of publication and evaluation, they were then integrated into one
knowledge resource by combining all triple files depicted in Figure 7.7. For the domain
ODSE approach to semantic enrichment, the post-processing input are the 17 SDGI
resources (column 1) only as all the metadata files are components of NPIOnto. These
files together with NPIOnto were also integrated into single knowledge resource. The
sample integrated datasets have been uploaded to figshare and are available from this

link, ODSE Framework Package 7 — Integrated Knowledge Resources.

7.4.2 Resource Publication and Consumption Component

The knowledge resources produced from semantic enrichment, semantic capabilities and
knowledge value-added OD, are the basis for knowledge extraction/mining and use.
Therefore, they must be made readily available for consumption. Hence, resource
integration is followed by resource publication which involves making the resources

freely available for both human and machine consumption. This necessitates publication
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https://figshare.com/s/9b2ced2171da21eb7262

in platforms that support the extraction of value (knowledge mining) from the data. This

is achieved through queries that are issued and evaluated over SPARQL Endpoints [137].

Search [:‘030 16.8.1 I Show |80 v lentries

subject § predicate § object $

Figure 7. 8: SPARQL Endpoint Publication (SDGI 16.9.1 Extract)

SPARQL is a semantic query language for databases. SPARQL Endpoint is a web service
that conform to the SPARQL protocol (SPARQL protocol service) which enables both
human and machine users to query a knowledge base via the SPARQL language [138],
[139]. SPARQL queries are passed to a Uniform Resource Locator where a SPARQL
service processes the query and returns results in a defined semantic format [138].

As reflected in the header of Figure 7.8, for this demonstration, the SPARQL server
publication pertains to 38,690 triples comprising both data and metadata triples. This
constitutes the NPI triple-store that serves as the public knowledge resource pool for

inclusive knowledge mining as proposed in the preliminary ODSE Framework [120].

In this research case, through the execution of knowledge mining operations, the
semantically enriched OD resources (knowledge resources) were deployed for
exploration of the degree of semantic capabilities and the mining/extraction of semantic
value (knowledge) added to flat text resources through ontologies. The mining was
according to two knowledge resources mining cases, the generic and the domain
knowledge resource mining cases, that demonstrate semantic value in terms of potential
semantic capabilities (query formulation - syntax) and embedded knowledge (query

output — semantics). The knowledge resources mining operations were conducted to
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serve as the basis for the comparative analysis of resources. Specifically, the knowledge
mining assessment was conducted to:
e assess the degree of knowledge value-added to raw OD resources, demonstrated
by the degree of query/extraction/harvest output; and
e assess the degree of semantic capabilities value-added to raw OD resources,
demonstrated by the degree of the knowledge resource’ accessibility,
understandability, integrability, interoperability, and intelligibility.
This knowledge mining assessment comprised the generic and domain knowledge
resources’ mining cases (Figures 7.9, 7.12-7.13) and corresponding knowledge harvest
(Figures 7.10-7.11, 7.14-7.16) for the sample instance (SDGI 16.9.1). The scripts for the
mining cases have been uploaded to figshare and are accessible from this link, ODSE

Framework Package 8 - Integrated Knowledge Resources Evaluation Cases. The

knowledge harvesting was conducted through SPARQL queries against the SPARQL
endpoint publications of knowledge resources. Following is the detailed discussion of the

knowledge mining demonstration for the three assessments specified above.

Generic Knowledge Resource Mining Case
The knowledge resource mining case, shown in Figure 7.9, mines the integrated generic
knowledge resource (discussed in Subsection 7.4.1) for semantic value-added to flat text

resources, in the form of embodied knowledge and semantic capabilities.
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SELECT DISTINCT ?edgiPerf Vr 7sdsiCode TunsdCode Tedg TargetCode TedgTargetDesc ?edGoalCode TedGoalDesc T2dgUndbRef

MmeazDesc Tunithleas TedgiPerfVal MvisPillar agendaCode MvisPillarPerfVal TafriCode TafriPerfVal 72dpiDizapgVal
WHERE {
<http:/www.statsbots. org. bw/data'sdgi'SDG162030_16.9.1>
<http:www. w3 org 2000001 rdf-schema#label> TsdgiDatalnstance;
<httppurl unep org/sdg/ SDGIO 00000242 TsdpiCode;
<httppurl unep org'sdg/ SDGIO_00000002> TsdgiDesc;
<http:/semanticscience. org'resource/SI0_000221> Tunithdeas;
<http://purl allotrope org/ontolosies/ properivE AR 0002302 "measDesc;
<httppurl org/de'terms/date PedgiPerfYr;
<http'purl unep ore'sdg SDGIO_00000003> ?sdmiPerfVal;
<http/'purl allotrope org/ontolosies property= AFE_ 0002801 ?sdpilisaggVal;
<http'purl unep ore/sdg/ SDGIO 0000001 ?sdeTargetDesc;
<http:/dbpedia org'propertytheme™> TthemeDim;
<http:/'dbpedia org'property/theme™ "peace, justice and strong institutions";
<http'purl ere/determs identifier> 7:dGoalCode;
<http/semanticscience orgresource/ 510000116 7:dGoalName;
<httppurl unep. ore'sde/ SDGIO_ 00000000 ?sdGoalDesc.
Tedgilvetalnstance <http/pord unep ore/sde SDGIO 00000242 TsdmCode;
<http/semanticscience orgresource/SI0 0001 16> TsdpiMName;
<http/dbpedia org ertv/theme™ TsdeiSubtheme;
<http'purl ere/de/terms relation™ ?sdg TargetCode;
<http:'purl ebolibrary. ore'oboWCIT C115618> ?devtDim;

<http://purl.obolibrary ore'obo/NCIT_C115618> "Social".
Tedg Targethietalnstance <http:/'purlunep org/'sdg/ SDGIO 00000074 TsdeTargetCode;

<http://semanticscisnce. org/resource/SI0 (00116> TsdgTarpetName.
TedgiolndInstance <http:/purl unep.org/sdg/ SDGIO_00000242> TzdpiCode;
<http:purl unep. ore'sdg SDGIO_00000227> TunsdCode.

TedgioGeallnstance <http:/waw seneontolory.ors/formats/'obolnOwlzhasFxactSynonym™> TedGoalCode;

<http:/www geneontolory.ore/ formats/cbolnOwlhas Dbiref> 72dgUndbRef.
TedGoallviztalnstance <http:/'purl org/de'terms/identifisr™ TsdGoalCods;

<http://putl.ore/de/terme/relation™> MvisPillar_apendaCode.
Mizihetalnstance <http/purl org'de'terms/identifier> MisPillar agendaCode;

<http://semanticscience. org'resource/SI0_000116> TvisPillar agendaDesc.
Tafribetalnetance <https/purl.ore/de'termsirelation™ TsdgiCode;

<http:/purl ore/'de/terme/identifier> TafriCods;

<http://semanticzcience. org'resource/SI0_000116> TafriName;

<http:/purl sllotrope org'ontologies property=AFR 0002802 TafriDezc;

<http://putl ore/'de/terme/relation™ TafriTargetCode.

BIND(?sdgiPerfVal AS TvisPillarPerfVal) BIND(?sdgiPerfVal AS TafriPerfVal) }

Figure 7. 9: Generic Knowledge Resource Mining (SDGI 16.9.1)

The output for the generic knowledge resource mining case represents selected variables

specified in Lines 1-2 from the variable pool reflected in Figure 7.8. For image visibility,

the sample output extract for this knowledge mining case is displayed in two separate

interfaces (Figures 7.10-7.11). The first part of the output (Figure 7.10) displays the

extracted metadata for SDGI 16.9.1 and the corresponding performance value extractions

are displayed in the second part of the output (Figure 7.11).
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sdgiPerfYr sdgiCode ¢qqinese & Eunsdcode SdgTargee"gsdgTargetDesc% sdGoaICodee sdGoalDesc § sdgUndbRef $ measDesc %Eu”‘"‘"e‘“

"Promote peaceful

"Proportion of and inclusive , y
- 'Proportion of
children societies for -
children under 5
under 5 years sustainable ears of age
of age whose "By 2030, provide development, "hitp:/www.un.org ;-nose D\rl?ws nave
"2015" %S births have legal identity for all rovide access to  /sustainabledevel
. "16.9.1" "C160901" "16.9" g X ’ ©"SDG1e" o . . been registered "o
d:integer been including birth justice forall and  opment/peace- with 3 civil
registered registration” build effective, justice!” a'mhom' % of
e
with a civil accountable and e
children under 5
authority, by inclusive N
i } years of age)
age" institutions at all

levels"

Showing 1 to 1 of 1 entries

Figure 7. 10: Sample Generic Knowledge Resource Mining Output 1 (SDGI 16.9.1)

Figure 7.10 represents the semantic form of the metadata extract from statistics
Botswana OD portal, specifically, sdgiPerfYr, sdgiCode, sdgiDesc, sdgTarget,
sdgTargetDesc, sdGoalCode, sdGoalDesc, unitMeas and measDesc in graphical,
spreadsheet and pdf form. The unsdCode and the sdgundbRef values are extracted from
the global indicator list for SDG Agenda in spreadsheet form as well. This data further
links to two other agendas that form the Botswana Integrated Indicator Framework,
Vision Agenda (visPillar agendaCode and visPillar agendaDesc) and Africa

Agenda (afriCode and afriDesc) as reflected in the second part (Figure 7.11).
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sdg\F‘erNalévisPiIIar_agenduCodeévisPiIIar_agenduDesc éwsP\IIarF‘eeral éafriCude% éafriDesc % afriPerfval % ésdgiDisaggVal
1 i: TS0 gendaz030" "agenda 2030" "87 5 axsdint ;;T?‘; at:;;;?;:;”E;;h;':;ﬂstzzzerbmhs "g7 5*aexschint "90.7"Mxsdkint
3 ﬁ?sﬂ“xsu "agenda2030" "agenda 2030" "87 5" *xsctint ?2551\21 ;2?;;2?;2;”i;;hr:g;strj[e’::bmhs "87 5" xsdiint ?W"‘Sd'i”tege
LT gy SO gy O TS .y TS
5 ”i;jmxsu "agenda2030" "agenda 2030" "87 5" xsd-int F'AzSTG;\?a atg?eggtp;g;”ﬁ;ﬂ:;?ﬁggiﬁWms "87 5" nxsdiint ts—almf'mzimege
g B75"xsd pillard" "Govemnance. Peace & oo oy, oo "AB-G16-  "The proportion of children whose births o, L. "B8""xsdintege

int - Security" P2-T3-151"  are registered within the first year" r

875" "xsd _ "AB-G16-  "The proportion of children whose births - _ . "89"rrxsdiintege
7 "agenda2030" "agenda 2030" "87 5" xsdiint "87.5" " xsd:int

int agendasiyv g N ° P2-T3.I51" are registered within the first year” ° r

"§7.5"Mxsd . "Govemance, Peace & _ "AS-G16-  "The proportion of children whose births . . "89"*xsdiintege
8 "pillar4" "87.5" xsd:int "§7.5"xsdiint —

int P Security” ° P2-T3-151" are registered within the first year’ 7 r

"87.5" M xsd "AG-G16-  "The proportion of children whose births "9i"Axsdiintege
] ° "agenda2030" "agenda 2030" 87 5 xsdiint e proportion ¢ "87 5" xsdint g

int —_— P2-T3-151"  are registered within the first year" r

"g7.5"xsd | " "Govemnance, Peace & | __ _ "A8-G16-  "The proportion of children whose biths — __ _ "91"*xsdiintege
10 int “piliard” Security” 87,5 sdint P2-T3-151" are registered within the first year” a7.5" ksdiint r

Figure 7. 11: Sample Generic Knowledge Resource Mining Output 2 (SDGI 16.9.1)

Figure 7.11 displays the last part of Figure 7.10 output and therefore, comprises one
record. Conversely, the data values marked red in column 2 represent duplicate
extraction and the source of the duplication appears in Line 32 of Figure 7.9, the generic
ontology concept representation limitation — lack of custom properties to differentiate
SDG local relation to a specific SDG Agenda (agenda2030) and external agenda relation
to Vision Agenda (pillar4). Thus, these 2 different relations share the same object
property definition. The second duplication is reflected in column 8 and the source of this
duplication appears in Line 12 of Figure 7.9. The second duplication results from the lack
of unique disaggregation constructs to differentiate between the different value
disaggregation. The five disaggregated values (Figure 4.4-4.5) share the same property
definition resulting in the same property repeating with the same metadata property

constructs.

All in all, the generic knowledge resource mining case (Figure 7.9) demonstrates
semantic enrichment attributes in the form of semantic capabilities. The case starts with
the selection of a sample instance (sdgiDataInstance 16.9.1) of a knowledge entity

(sdgi) in Lines 4-5. That is followed by the extraction of published SDGI data connected
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to this instance (Lines 6-18) and the extraction of other relating semantic metadata for
SDGI data (Lines 19-40). So, the output displayed in Figures 7.10-7.11 is enabled by the
semantic value-added to flat text resources in the form of semantic structure (syntax) to
enhance semantic capabilities as follows.

This semantic value mining case demonstrates accessibility capabilities in terms of the
degree of published SDGI data access to relating web resources. The semantic metadata
resources relating to published SDGI data reflected in Figure 7.7 (Subsection 7.4.1)
provide a diversity of semantic access points for the selected sdgiDataInstance.
Specifically, sdgiData (published SDGI data) resource’ capability to access relating
semantic resources being SDGI (Line 19), SDG Target (Line 25), SD Goal (Line 31), Vision
Pillar (Line 33), Africa Agenda Indicator (Line 35), and the SDGIO (Lines 27 and 29)
metadata resources.

The understandability capabilities are demonstrated in terms of the degree of clarity
effected with the use of generic ontologies. For instance, Lines 4-5 specifies the sample
instance (SDGI 16.9.1) from the sdgiData resource, and the corresponding data is
extracted as specified in Lines 6-18. This data is clarified with SDGI descriptive semantics
(Lines 20 and 22), development dimension and dimension criteria specification
semantics (Lines 23-24), relating SDG Target semantics (Line 26), SDG Agenda and Vision
Agenda semantics (Line 34), Africa Agenda semantics (Lines 36-39), and SDGIO
semantics (Lines 28 and 30).

The interoperability capabilities are demonstrated by the resource’s degree of data
sharing potential. The sharing of values across agendas is demonstrated in Line 40 where
sdgiPerfval (SDGI performance value) is shared among afriPerfval (Africa Agenda
Indicator performance value) and visPillarPerfVval (Vision Pillar performance value).
Africa Agenda Indicator is mapped to SDGIs (Line 35), and SDGs are mapped to Vision
Pillars (Line 32).

This mining case further demonstrates integrability capabilities. The semantic access
points discussed above (accessibility capability) represent the linkage capabilities.
Overall, the generic knowledge resource offers interlinkages to a wide web resource base
comprising w3.org, unep.org, allotrope.org, semanticscience.org, purlorg (dcterms),

dbpedia.org, obolibrary.org, and geneontology.org. In addition, the mining case
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demonstrates the degree of resource linkages within the Botswana Integrated Indicator
Framework and to external web resources. The sdgiDataInstance links to SDGI
metadata through the spG10:00000242 (Line 19); SDG target metadata through
SDGIO:00000074 (Line 25); SD Goal metadata; SDG agenda metadata and Vision Pillar
metadata through dcterms:identifier (Lines 31, 33); SDGIO metadata through
hasExactSynonym (Line 29) and hasDbxref (Line 30); and Africa Agenda metadata
through dcterms:relation (Line 35) and the SDGIO (Lines 27 and 29) metadata
resources.

Lastly, the intelligibility capabilities are demonstrated by the resource’s degree to
analyse performance based on specific criteria. For instance, the query extracts
performance data that applies to a given development dimension and that is further
screened by theme in Lines 21 and 23-24. For the sample instance, SDG 16 is of social
type of sustainability and the theme is Peace, Justice and Strong Institutions. Thus, the

multi-dimensional view of the data pertains to these two dimensions (Lines 14-15).

Domain Knowledge Resource Mining Case

The evaluation case reflected in Figures 7.12-7.13 (Lines 1-70) constitutes two parts of
one query (the separation is for better image visibility). It mines the knowledge embodied
in the integrated domain knowledge resource (Subsection 7.4.1) as the semantic value-

added to flat text resources for SDGI 16.9.1 extract.
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SELECT ?=dgiPerfDesc TedpiPerfYr TedgiPerfValDesc TedgiCode TedgiDese Tormula TdataSre TdataColMeth TdataColFreq
Tunithieas TedpiPerfVal TvalDisapel Desc MvalDisage]l TvalDizage2Dese TvalDisage) TvallDisaggiDese TvalDisage3

MalDisagedDese TvalDizaged MvalDisageiDesce TvalDizaged
WHERE {

<httpwanw statzbots org bw/data’sdei'roal 16/ 2030 _16.9 1> <htt

<http:/locathost/ 808 0npiOntohas A gVal-birthReg> 7sdgiPerfVal;

<http:/locathost 3080 npiOnto/ hasPerf Tr> TedgiPerfVr;
<http:locathost/S08 0 npiOnto hasNpiCode™ TedpiCode;
<http:/locathost/ 8080 npiOntohasNpiDese™ TzdgiDesc;

<http: lecathost/ 308 WnpiOnto hasBirthPegDeagVal-Oyr™> vallizagel;

<http: lecalhost/ 308 0npiOnto hasBirthPegDsagVal- 1> Mvallisage2;

<http: localhost/ 308 WnpiOnto hasBirthPegDsagVal-2vr™ Tvallisage3;

<http:/localhost/ SE'SE' annm'hasBmhR eDzapVal-dvr Tvallisapes;

<http:/localhost/8080'npiOnto hasUnithleasure™ Tumthdeas.

Tedgilnstance  <http:/localhest/8080/npiOntohasInstanceCode™ PedgiDatalnstance;

<http:/locathost 8080 npiOnto/ hasNpiame™ TsdgiName;
<http:/locathost/ 3080/ npiOnto hazSubTheme> TeubTheme;
<http:/locathost/ 8080 npiOnto hasComputeDesc™ TeompDese;
<http:/localhost/3080'npiOnto hasFormula™ Tformula;
<http:/localhost/ 808 0'npiOnto hasFormulaDesc> TormulaDesc;
<http/localhost 3080 npiOnte hasValDsaoF actor™ TdisageFactor;
<http:/localhost/8080'npiOnto hasDataSre™> ?dataSre;
<http:/localhost 8080 npiOntohasDataColFreq> ?dataColFrag;
<http:/locathest/ 8080 npiOnio hasDataColleth> TdataColhieth;
<http:/locathest/8080/npiOnto/hasDeviDim™> TdeviDimInztance;
<htip:/localhest/ 8080/ npOntohashleasDim> PmeasDimInztance;
<http/locathost/ 3080 npiOntohasSeopeDim> TecopeDimInstance;
<http/locathost/ 3080 'npiOntohasSdei-sdeTargetRel> TedrTargetinstance;
<http:/localhost/ 8080 npiOntohasSdpiPerf> TedeiPerflnstance.

TedgTarpetInstance <http/localhost/'308 0 npiOntohas TarpetCode™ Tsdg TarpetCods;

<http:localhest/ 8080 npiOntohas TargetDesc TsdeTargetDesc;

<http:/localhozt/8080'npiOnto hazSdoTarget-sdGoalRel> 7=dGoallnstance.

TsdGoallnstance  <htip:/locathost/808npiOnto hasGoalCoder TsdGoalCode;

TedgAgendalnstance <http:/locathost/8080/npiOntohasArendaCode™ TsdgApendaCods;

<htip:/localhest/ 8080/ npOniohazGoalDesc> TedGoalDesc;

<http:/locathoet/ 3080/ npiOntohacSdGoal-sdg AgendaRel> TedgAgendalnstance;

<http:/lecathest/8080/mnpiOnto/hazSdGoal -pillarhIap> TvizPillarInztance;
<http/locathost/ 3080 npiOntohas ThemeDim™> TthemeDimInstance.

<http:/localhost/ 83080 npiOntohasArendaDese™ TsdpApendallese.

Jocathost/8080mpiOntohasInstanceCode™ PsdgiDatalnstance;

Figure 7. 12: Domain Knowledge Resource Mining 1 (SDGI 16.9.1)
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21 TwisPillarInstance <hitp: Tocalhost 3080 npiOniohazFillarCode™ TizPillarCods;
42 <http:/locathost/ 8080/ npiOntohasPillarDese™ MvisPillarDese.
25 Tafnilnstance  <https/www.w3.org 200207 owlEsame A= Tedgilnstance;
44 <http:/locathost/808npiOnto hasNpiCode> TafriCode;
45 <http:/locathost/8080/'npiOntohasNpiDese> TafriDesc.
26 TsdgiPerflnstance <http:/locathost/3080npiOntothasPerfCode™ TedgiPerfCode;
a7 <http:/locathost/ 3080 npiOnto hasPerfDesc™ ?sdpiPerfDesc.
8 MdevtDimlnstance <http:/locathost/8080'npiOntohasDimCode™ TdeviDimCode;
49 <http:/locathost/808 0 npiOntohazDimMame™> ?devtDim;
50 <http:/locathost/ 3080 npOntohasDhimMNames "social development”.
51 "measDhminstance <http:/localhost/8080'npiOntohasDimCode™ PmeazDimCode;
<http:/locathost/ 8080 npOntohasDimMName™ "measDim;
33 <http:locathost/ 8080 npiOnte hasDimMName™ "base measure".
34 TscopeDiminstance <http:/localhost/8080/npiOntohasDimCode™ 7scopeDimCode;
<http:/locathost/ 8080 Onto hasDhimMName™ TscopeDim;
<http:/locathost/ 8080/ npOnto hasDimName™ "national scope”.
TthemeDimInstance <http:/localhost/ 8080/ npiOnto hasDimCode> TthemeDimCode;
<http:/locathost/ 8080/ npOnto hasDimName™ TthemeDim;
<http:/localhost/ 8080/ npOntohasDimName™ "peace, justice and strong institutions”.
60 7TsdgiclndInstance <http/purlunep org/sdeSDGIO 00000242 T=dpiCode;
61 <http:/purl unep.org/sdg SDGIO_00000227> TunsdCede.
62 TsdgioGeallnstance <http:www. geneontolomy.org formats/oboInOwlzhasExactSynonym™ T:dGoalCode;
<http:www geneontolomy.org formats/oboInOwlzhas DbXref> TsdgUndbRef.
64 <http/localhost/3080mpiOntohas AeVal birthRe> <http:wwrw. w3 org 2000/01 /rdf-schemascomment> TsdgiPerfValDeze.
65 <http/localhost/3080mpiOntohasBirthRerDeanVal O™ <httpwww.w3.org/ 2000001 /rdf-schemazcomment™> TvalDizageiDeze.
66 <http:/localhost/3080/mpiOntohasBirthRerDearVal Ly <httpwww. w3 ore/ 2000001/ rdf-schemazcomment™> TvalDizage2Deze.
67  <http:/localhost/3080/mpiOnto hasBirthRerDeanVal 2v> <httpwww.wl ore/ 2000001 rdf-schemazcomment™> TvalDizage3Deze.
<http:/localhost/ 3080/'mpiOnto hasBirthRerDearVal 3y <httpwww. w3 org 2000/01 rdf-schemazcomment™> TvalDizagedDeze.
<http:/localhost/ 3080/'piOnto hasBirthRerDeaoVal dvr> <httpwww. w3 org 2000/01 rdf-schemazcomment™> TvalDizagoSDeze.
7 EIND(?sdgiPerfVal AS MvisiPerfVal) BINDV( ?edgiPerfVal AS ?afriPerfVal) }

=]

Figure 7. 13: Domain Knowledge Resource Mining 2 (SDGI1 16.9.1)

The output for the domain knowledge resource mining represents selected variables
specified in Lines 1-3 from the variable pool reflected in Figures 7.12-7.13. For visibility,
the output is displayed in three separate interfaces (Figures 7.14-7.16). The first output
(Figure 7.14) displays extracted metadata for SDGI 16.9.1 while the second output
(Figure 7.15) displays corresponding performance value extractions. Finally, the
corresponding disaggregation for performance value extractions are displayed in Figure

7.16.
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Showing 1 to 1 of 1 entries

Figure 7. 14: Sample Domain Knowledge Resource Mining Output 1 (SDGI 16.9.1)

Figure 7.14 output illustrates the integration of raw OD publications with corresponding
metadata from both the organisational and global reference resources through semantic
enrichment processing. This figure represents data pulled from different flat text
resources and in different formats integrated into a single knowledge resource through
semantic enrichment processing. For instance, sdgiPerfDesc (Line 47), sdgiPerfYr
(Line 7), sdgiPerfvalDesc (Line 64), sdgiCode (Line 8), sdgiDesc (Line 9), unitMeas
(Line 15) are NPIOnto custom (semantic) constructs for the definition of raw OD
published in heterogeneous flat text formats. The unsdCode (Line 61) and the
sdgUnDbRef (Line 63) are SDGIO semantic constructs. Finally, formula (Line 20),
compDesc (Line 19), dataSrc (Line 23), dataColMeth (Line 25), dataColFreq (Line
24) are also NPIOnto custom constructs for semantic definition of published SDG

metadata availed in pdf file format. Figure 7.15 output extends Figure 7.14 output.
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ncluding birih justice foralland  int P2-T3-191"  registered ;int Securty int
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Showing 1 to 1 of 1 entries

Figure 7. 15: Sample Domain Knowledge Resource Mining Output 2 (SDGI 16.9.1)
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Figure 7.15 displays the sharing of data across agendas according to the mappings
reflected in Figures 4.11-4.12. The SDG Agenda performance values in Figures 4.4-4.5 and
metadata are semantically linked to Africa Agenda metadata and Vision Agenda
metadata. The SDGI performance value (column 5) is shared across agendas according to
the Botswana Integrated Indicator Framework mappings, specifically, Africa Agenda
(column 8) and Vision Agenda (column 11). The last ten output variables, the five SDGI
value disaggregation descriptions and corresponding disaggregated values, shown in

Figure 7.16 demonstrate value disaggregation through semantic enrichment processing.

sdgiPerfVal valDisaggﬂDescgvaIDisagg‘l valDisagg2Desc valDisagg2 valDisaggSDescgvaIDisaggagvulDisagnges::? vaIDisaggd.gvulDisaggSDescg valDisagg5
$ § $ $ $ § 6 § 6 g $

"The o year "The 1 year "The 2 year "The 3 year "The 4 year
1 "87.5"xsd disaggregated "Tg"rhxsdint disaggregated "89""Mxsdi  disaggregated "g§g" " xsdi disaggregated  "90.7"“xs disaggregated "G 1" Axsd:i
int value for birth eger value for birth nteger value for birth nteger value for bith ~ dtint value for birth nteger
registration” registration” registration” registration” registration”

Showing 1 to 1 of 1 entries

Figure 7. 16: Sample Domain Knowledge Resource Mining Output 3 (SDGI 16.9.1)

Figure 7.16 depicts value disaggregation in the form of semantic representation of the
different categories/classes of data reflected in the raw OD publications (Figures 4.4-4.5.
The disaggregation capabilities are custom defined in NPIOnto. All the data values in
Figure 7.16 (columns 3, 5, 7,9, 11) are shown in Figures 4.4-4.5 while value descriptions
(columns 2, 4, 6, 8, 10) are NPIOnto custom constructs to accompany the values with

more descriptive semantics.

All in all, in comparison to the flat text resources for the sample instance SDGI 16.9.1
(Chapter Four), the knowledge harvest shown in Figures 7.14-7.16 is a result of semantic
capabilities added to the knowledge resource (Figure 7.6). The knowledge mining case
demonstrates the knowledge resource’ accessibility, understandability, interoperability,
integrability, and intelligibility capabilities in Figures 7.12 (Lines 1-40) and 7.13 (Lines
41-70) as follows. The mining case starts with the selection of a sample instance
sdgiDataInstance (16.9.1) of a knowledge entity (sdgi) in Line 5. That is followed by
the extraction of published SDGI data connected to this instance (Lines 5-15) and the
extraction of other relating semantic metadata for SDGI data (Lines 16-70). This mining

case, thus, answers competency questions (CQs) stated in Subsection 6.3.1 as follows.
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CQ1: What are the accessibility capabilities of OD resources enriched with NPIOnto?
The resource’ accessibility capabilities are demonstrated by the degree of published SDGI
data access to NPIOnto constructs. The NPIOnto constructs reflected in Figure 6.7 (classes
and properties) provide a diversity of semantic access points for the
sdgiDataInstance. For instance, the sdgiData resource accesses the NPIOnto
constructs at four levels. The first level pertains to the sdgiData resource’s access of SDG
Agenda metadata resources (Lines 29, 30, 33 & 36). The second level of access extends to
the metadata for relating agendas being Vision Agenda and Africa Agenda (Lines 37 &
43). The third level pertains to the sdgiData resource access of NPIOnto dimensions
(Lines 26, 27, 28 & 38). The fourth level further extends access to relating resources in
the Web of Data (Lines 61 & 63). Therefore, the accessibility evaluation has proved that
OD, semantically enriched with an ontology, supports flexible and dynamic access to
individual data values for both humans and machines than OD published in flat text
format or in non-enriched semantic formats (e.g., XML).

CQ2: What are the understandability capabilities of OD resources enriched with
NPIOnto?

The resource’ understandability capabilities are demonstrated by the degree of NPIOnto
disambiguation and disaggregation capabilities. A domain specific vocabulary such as
NPIOnto allows for specific metadata definition in terms of attribute, measurement, data,
and relationship descriptive semantics, as well as specific value disaggregation. Thus,
domain specific knowledge resources, with their in-depth semantic enrichment value,
offer maximal clarity when compared to flat text resources. The demonstration in terms
of NPIOnto disambiguation and disaggregation capabilities is as follows. Regarding NPI
disambiguation evaluation, the query extracts performance descriptions for
sdgiDataInstance (SDGI 16.9.1) from the sdgiData resource (Lines 5-15). This
performance data is first clarified with descriptive semantics for classes sdgi (Lines 17-
30), sdgTarget (Lines 32-33), sdGoal (Lines 35-38), sdgAgenda (Line 40), visPillar
(Line 42), afri (Lines 44-45), and sdgiPerf (Line 47). Secondly, it is clarified with
disaggregate value descriptive semantics (Lines 64-69). Thirdly, it is clarified with
diverse dimensional views (Lines 48-59), and, finally, with relating SDGIO metadata

(Lines 61 and 63). Thus, this mining case creates a pool of knowledge that spans the
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different agendas and relating web resources for holistic understanding of a given
knowledge instance. Therefore, the understandability evaluation has proved that SDGI
performance, enriched with SDGI metadata such as attribute, measurement, data, and
relationship descriptive semantics, provides a holistic performance view. In addition to
the data descriptive semantics, data disaggregation offers an extended level of SDGI
performance disambiguation. A holistic view of SDGI performance and an extended level
of its disambiguation both contribute to better OD clarity.

CQ3: What are the interoperability capabilities of OD resources enriched with
NPIOnto?

The resource’ interoperability capabilities are demonstrated by the resource’s degree of
data sharing potential. The interoperability evaluations have proved that semantic data,
enriched with an ontology enables data sharing in support of the consolidated indicator
framework implementation through linkages to NPIOnto and other external resources
such as the SDGIO, w3.org, unep.org, and geneontology.org. It is also demonstrated by
sharing sdgiPerfval among afriPerfVal and visPillarPerfVal (Line 70).

CQ4: What are the integrability capabilities of OD resources enriched with NPIOnto?
The resource’ integrability capabilities are demonstrated for the degree of NPIOnto
constructs interlinkages within the Botswana Integrated Indicator Framework and to
external web resources. The mining case demonstrates the sdgiData resource linkage
to NPIOnto constructs at four levels.

The first level pertains to connections between sdgiDataInstance and SDG Agenda
metadata resources and the links are as follows: sdgiDataInstance links to class sdgi
instances through hasInstanceCode (Line 16); class sdgi instances link to class
sdgTarget instances through hasSdgi-sdgTargetRel (Line 29); class sdgTarget
instances link to class sdGoal instances through hasSdgTarget-sdGoalRel (Line 33);
class sdGoal instances link to class sdgAgenda instances through hasSdGoal-
sdgAgendaRel (Line 36); and class sdgi instances link to class sdgiPerf instances
through hassdgipPerf (Line 30).

The second level of interlinkages extends to the metadata for relating agendas being

Vision Agenda and Africa Agenda. Instances of class sdGoal link to class visPillar
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instances through hasSdGoal-pillarMap (Line 37) and instances of class sdgi link to
class afri instances through the sameAs property (Line 43).

The third level of interlinkages connect sdgiDataInstance to NPIOnto dimensions,
specifically, instances of class devtDim through hasDevtDim (Line 26); instances of class
measDim through hasMeasDim (Line 27); and instances of class scopeDim through
hasScopeDim (Line 28). Instances of class sdGoal link to class themeDim through
hasThemeDim (Line 38).

The fourth level of interlinkages further extends connections to relating resources in the
Web of Data. Instances of class sdgi link to SDGIO annotations on class sdgi instances
through the sDG10:00000227 annotation (Line 61) for unsdCode while instances of
class sdGoal link to SDGIO annotations on class sdGoal instances through hasDbXref
annotation (Line 63) for sdgUnDbRef.

CQ5: What are the intelligibility capabilities of OD resources enriched with NPIOnto?
The resource intelligibility capabilities are demonstrated by the degree of NPIOnto
enhanced analytical capability demonstrations. The domain knowledge resource mining
case demonstrates the extension of the intelligibility capability of the generic knowledge
resource mining case (Figure 7.9) through NPIOnto customised dimensions, specifically,
the addition of the measurement and scope dimensions to the development and theme
dimensions. So, this mining case further screens the output for the mining criteria of
social development, related to SDG 16 theme (Lines 48-50, 57-59) to extract only
performance instances that are base measures and of the national measurement scope
(Lines 51-56).

CQ6: What is the overall semantic capabilities enrichment impact on semantic
publication and consumption?

All in all, flat text OD publications are limited in accessibility, understandability,
interoperability, integrability, and intelligibility capabilities. This hampers 0D
consumption, specifically, the knowledge creation, mining and use potential. NPIOnto can
be leveraged through the LOD-driven semantic enrichment processing to address this flat
text OD publications’ ineffectiveness challenge by standardising and
upgrading/enhancing the semantic capabilities of flat text OD resources. This research

has proved that the deliverables of semantic enrichment, knowledge resources (i.e., 0D
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resources enriched with corresponding metadata and linkages across the Web of Data)
have potential for increasing resources’ accessibility, understandability, interoperability,
integrability, and intelligibility capabilities to enable semantic publication and

consumption.

7.5 Conclusion
Chapter Seven fulfils Research Objective 3 which involved the demonstration of the
semantic enrichment framework. This chapter answers Research Question 3 which is:
What are the findings of the preliminary semantic enrichment framework
demonstrations?
This research question sought to establish key issues pertaining to the entire semantic
enrichment process modelling to factor into the final ODSE Framework design. The
deliverable of this demonstration is the preliminary ODSE Framework which is the
integration of three stages pertaining to ODSE pre-processing, processing and post-
processing into a holistic semantic enrichment solution for the transition from static, flat
text OD resources with limited semantic capabilities and value to flexible, knowledge
resources with unlimited semantic capabilities and value.
The first stage, ODSE pre-processing, has three components that address the input data
being the pre-processing input, implementation, and output components. This stage
pertains to the extraction of OD from source which is a web platform and its preparation
for semantic enrichment. These preparations involve unifying the data and conducting
some quality operations on these data to produce the output that serve as the input to
the semantic enrichment stage.
The second stage, ODSE processing, has three components being the ODSE approach, data
enrichment, and enrichment output components. The ODSE approach deals with the
choice of suitable generic ontologies (generic ODSE approach) and the development of
custom domain ontologies/vocabularies (domain ODSE approach) for semantic
enrichment. The semantic enrichment component starts with the choice of the ODSE
approach which may either be a generic ODSE approach that makes use of generic
ontologies or a domain ODSE approach that makes use of custom domain ontologies.

Within the chosen ODSE approach is performed the data enrichment process entailing
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the resource reconciliation and the resource RDFization. The end product are generic and
domain knowledge resources which are both machine readable and processable.

The third stage, ODSE post-processing, has three components being the knowledge
resources integration into single resource for ease of manipulation; knowledge resources
publication to a SPARQL endpoint for query; and knowledge resource evaluation for
semantic capabilities value-added to flat text resources. The mining of integrated
knowledge resources for the degree of knowledge value-added to raw OD resources,
revealed that the domain ODSE approach to semantic enrichment produces richer
knowledge resources compared to the generic ODSE approach. Also, the mining of
integrated knowledge resources for the degree of semantic capabilities value-added to
raw OD resources, revealed greater degrees of the knowledge resource’ accessibility,
understandability, integrability, interoperability, and intelligibility for the domain ODSE
approach.

Overall, as an extended analysis, the integrated knowledge resources mining output
served as the basis for the evaluation of the overall effectiveness of the ODSE Framework,

presented in Subsection 8.3.3.
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CHAPTER EIGHT: FRAMEWORK EVALUATION AND
FINALISATION

8.1 Introduction

Chapter Eight presents research activities specified in Table 3.2, pertaining to framework
evaluation (Phase 4) and framework finalisation (Phase 5). To start with, the preliminary
ODSE Framework (Chapter Five) was designed according to the adapted DSR
methodology (Chapter Three) from a combination of reviewed literature on semantic
enrichment (Chapter Two) and semantic publication and consumption needs (Chapter
Four). It was then demonstrated (Chapters Six and Seven) so as to ascertain its
completeness, cohesiveness and effectiveness (Chapter Eight). These three evaluation
dimensions pertain to framework verification and validation. Framework verification
embraces the evaluation of the completeness and cohesiveness of the framework while
framework validation pertains to the evaluation of the effectiveness of the framework.
Lastly, framework finalisation pertains to the generalisation of the framework for

reusability on the basis of the preliminary framework demonstration.

8.2 Framework Verification

Framework verification was done to assess the degree of completeness of the elements
that constitute the preliminary semantic enrichment framework processes and the
cohesiveness of those process elements as well. The reviews on the completeness of the
preliminary framework process elements pertained to the assessment of the degree of
inclusion of semantic enrichment entities comprising processes, approaches, capabilities,
techniques, technologies and their relations for each framework stage. The reviews on
the cohesiveness of the framework elements pertained to assessment of process flows
and involved the determination of the degree of connectivity and flow of both the
individual stage elements and the integrated elements per process for all stages.
Framework verification was executed according to the framework verification method
explained in the methodology chapter (Subsection 3.3.4) pertaining to manual reviews of
the framework by reconciling processes and corresponding elements to their actual

demonstrations and identifying the differences. Table 8.1 provides a summary of the

evaluations.
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Table 8. 1: Preliminary ODSE Framework Process Evaluation

Framework Framework Process Process Demonstration Process Reconciliation
Stage
Stage 1 Collection of Input - Extraction of raw OD 1. Addition of the pre-
(oD Pre-processing - Data editing processing output
Pre-processing) Transformations - Datare-organisation component.

(Data Cleaning & |- Data re-formatting -

transformation) conversions from 1-

Stage 2

(oD
Semantic
Enrichment
Processing)

Stage 3
(oD
processing)

Post-

The demonstrations brought some clarifications to the ODSE

Data Integration

- RDF-driven
Integration ( RDF
resources)

- Triplestore
Integration (RDF
Resource
Integration)

- Ontology-driven
Integration
(Integration of the
4 Agendas)

Data Enrichment

- Ontology-driven
enrichment with
the use of
ontology
constructs

Production of output
(Intelligent Linked
0D)

star to 2-star
publication format -
spreadsheet files

Production

consolidation  of

processing Output

Ontology Demonstrations

- Choice of Generic
Ontologies

- Development of NPI
Domain Ontology

Data Enrichment

Demonstrations

- Resource
Reconciliation

- Resource RDFization

and
Pre-

Production and
consolidation of semantic
enrichment output

Resource structuring
Resource deployment

2. Ontology-driven
integration -
demonstrated with the
development of NPI
domain ontology

3. RDF-driven Integration
& ontology-driven
semantic enrichment -
demonstrated  with
Resource RDFization

4. Triplestore Integration
- demonstrated with
the consolidation of
semantic enrichment
output

5. Renaming
ontology-driven
integration
component to ODSE
approach component
for process
generalisation

6. Addition of raw OD
reconciliation process

7. Addition of knowledge
resources structuring

8. Addition of knowledge
resources deployment

the

Framework stages that

were key to the preliminary framework finalisation into a generalised semantic

enrichment framework. Firstly, Stage 1 (OD pre-processing) verification revealed a need

to factor in the pre-processing output component in the framework to serve as the link to

the semantic enrichment processing stage. Secondly, Stage 2 (OD semantic enrichment

processing) verification revealed a need to factor in the ODSE approach component that

embraces both the development of a custom domain ontology and the selection of generic
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ontologies. In addition, for more efficient semantic enrichment results, resource
reconciliation was factored into the semantic enrichment process. Furthermore, for
clarity, the development of NPI domain ontology demonstrated the ontology-driven
integration. Moreover, the Semantic Integration and the Data Enrichment components in
the preliminary framework were streamlined into one process as the two are
implemented through one process — RDFization. Lastly, Stage 3 (OD post-processing)
verification revealed a need for the ODSE Framework to reflect on how the final output is
prepared (knowledge resources structuring) and availed (knowledge resources

deployment) for public consumption.

8.3 Framework Validation
The ODSE Framework validation involved an assessment of the degree of framework
effectiveness in semantic value (knowledge) creation and usability potential for the three
stages summarised by Figure 3.1 in the methodology chapter. The framework validation
method explained in the methodology chapter (Subsection 3.3.4) was adopted in the
semantic value assessment aimed at establishing the semantic enrichment value added
to flat text resources in terms of knowledge and semantic capabilities. The evaluations
involved a comparison of embodied knowledge and semantic capabilities of the ODSE
Framework input (Stage 1) to the ODSE Framework processing (Stage 2) and the ODSE
Framework output (Stage 3). Therefore, the ODSE Framework validation comprised a
combination of Stage 1 input and output - flat text resources discussed in Section 4.3,
Stages 2 and 3 output — knowledge resources (semantically enriched OD resources
discussed in Subsection 7.3.2 and 7.4), knowledge resource mining cases (presented in
Figures 7.9 and 7.12 -7.13), and knowledge resource mining output (presented in Figures
7.10-7.11 and 7.14-7.16).
The ODSE Framework validation scenario narrowed down the evaluations to a sample
performance indicator, SDGI 16.9.1. Therefore, the set of flat text OD resources for SDGI
16.9.1 comprises:

1 Figure 4.2 - sample published SDGI metadata in HTML image form,

2 Figure 4.3 - sample published SDGI metadata in HTML text form,
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3 Figures 4.4 and 4.6 - sample published SDGI data and metadata in HTML graphic
form (tabular/charts),

Figure 4.5 - sample published SDGI data and metadata in spreadsheet text form,
Figure 4.7 - sample published SDGI metadata in link form (API Snippet),

Figure 4.8 - sample published and unpublished SDGI metadata in pdf text form,
Figure 4.9 - sample published Vision Agenda metadata in pdf text form,

Figure 4.10 - sample published SDGI data and metadata in semantic form (XML),

O© 0 N O U1 >

Figure 4.11 - sample unpublished metadata on SDG Agenda-Vision Agenda
mapping (pdf), and

10 Figure 4.12 - sample unpublished metadata on Africa Agenda-SDG Agenda

mapping (pdf).

Performance values for SDGI 16.9.1, published in flat text OD format represented by
Figures 4.4-4.6 and 4.10 contain SDGI 16.9.1 performance values while the metadata files,
represented by all other figures listed above, contain SDGI attributes and relations in raw
form. The SDGI 16.9.1 performance values pertain to children’s birth registration details.
The global agenda (SDG Agenda) values are to be shared across the other three relating
development agendas: the local agendas being Vision Agenda and NDP Agenda and the
regional agenda, Africa Agenda. The sharing of the values are to be implemented
according to the mappings defined in Figures 4.11-4.12. Tracking or exchanging these
data across these agendas for valuable use, necessitates communication among the
different pieces of data contained in the resource files. The communication is enabled by
semantic capabilities that support a common data format, classification, organisation,
presentation, clarity, compatibility, connectivity, analysis, and comparability structure.
Therefore, the data and relating metadata represented by all the figures above were
semantically transformed, enriched and consolidated into integrated knowledge
resources per ODSE approach. These resulted in additional resources in semantic format
(knowledge resources) being:

11 Figure 7.5 - sample semantically enriched OD resource according to the generic
ontology-driven semantic enrichment approach - generic ODSE approach

(generic knowledge resource), and
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12 Figure 7.6 - sample semantically enriched OD resource according to the custom
domain ontology-driven semantic enrichment approach - domain ODSE
approach (domain knowledge resource).

In summary, the data and metadata on SDGI 16.9.1 are contained in a diversity of
resources comprising image, HTML, graphic, PDF, spreadsheet, API snippets, XML,
domain knowledge and generic knowledge resources. Figure 8.1 presents this knowledge
resources diversity in graphical form, representing the ODSE Framework validation

scenario.
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Figure 8. 1: ODSE Framework Validation Scenario (SDGI 16.9.1)

As shown in Figure 8.1, the ODSE Framework validation scenario is a comparative analysis
of the potential OD value (knowledge) for all raw OD resources and corresponding
created knowledge resources, in their diverse formats.

Overall, these resources diversity, together with the semantic usability assessment tool
discussed in the methodology (Subsection 3.3.4, Figure 3.2) constitute the input to the
evaluation. The ODSE Framework validation scenario is expressed by the following

question:

Which OD resource has the potential to maximise OD value (knowledge) creation

and usability capabilities?
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As shown in Figure 3.1 (Subsection 3.3.4), this overarching question was broken down to

each ODSE Framework stage assessment as follows:

e To what degree does the ODSE Framework Stage 1 processing facilitates the
creation of OD value (knowledge) and semantic capabilities?

e To what degree does the ODSE Framework Stage 2 processing facilitates the
creation of OD value (knowledge) and semantic capabilities?

e To what degree does the ODSE Framework Stage 3 processing facilitates the

creation of OD value (knowledge) and semantic capabilities?

Formulating answers to these questions involved OD resources’ (Figure 8.1) comparisons
on the basis of semantic enrichment, richness and mining attributes per knowledge
resource for the sample performance indicator instance (SDGI 16.9.1). Comparisons
were implemented by assigning semantic values to the five types of OD publications
based on semantic usability attributes (enrichment, richness and mining attributes) to
determine the degree of effectiveness of semantic usability of a given OD resource at each

framework stage.

8.3.1 The ODSE Pre-processing (Stage 1) Validation [Flat Text Resources]

The Framework Validation for ODSE Stage 1, the ODSE Pre-processing validation, involved
an assessment of the degree of OD value (knowledge) and semantic capabilities creation
that the ODSE Framework Stage 1 processing facilitates. The effectiveness assessment for
Stage 1, ODSE pre-processing pertained to raw and pre-processed OD resources. This
evaluation, applied to both the input data comprising disintegrated raw OD resources and
the output data comprising integrated raw OD resources, revealed that the published
SDGI data in tabular, HTML, and image formats (Figures 4.2-4.6) and metadata
publications in pdf format (Figures 4.8-4.9 & 4.11-4.12) are at 1-Star level which
translates to the lowest publication and consumption effectiveness. On the one hand, as
the publication effectiveness is defined in terms of the 5-Star deployment scheme for
Linked Data, 1-Star level publications translate to the lowest publication effectiveness.
On the other hand, as the consumption effectiveness is defined in terms of OD value
(knowledge) creation and usability potential per semantic capability, 1-Star publications

translate to the lowest levels of OD value (knowledge) creation and usability potential in
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terms of OD accessibility, understandability, interoperability, integrability and
intelligibility capabilities. Moreover, as depicted in Figure 8.1, the data is downloadable
in spreadsheet and XML formats, thus being upgraded to the 2-star (spreadsheet - Figure
4.5) and 3-star (XML - Figure 4.10) levels. In addition, all 1-Star publications were
converted to 2-Star OD resources (spreadsheet format). All these resources’
transformations offer minimal and moderate levels of publication and consumption
effectiveness, respectively. In terms of consumption effectiveness, this translates to low
and moderate levels of accessibility, understandability, interoperability, integrability,
and intelligibility of the data. This is highly likely to hamper OD value (knowledge)
creation and usability potential. Therefore, following is the answer to the sub-question:
To what degree does the ODSE Framework Stage 1 processing facilitates the creation
of OD value (knowledge) and semantic capabilities?
Flat text resources belong to the category of 1-, 2-, 3-Star OD publications and thus
embodies minimum to moderate degree of knowledge and offers minimum to moderate
degrees of semantic capabilities creation potential. This is due to the differing degrees
ranging from minimum to moderate formation of semantic value determination
variables, semantic usability attributes. In terms of richness attributes, flat text resources
range from lowest to average degree of mining capabilities due to resource’s structure
and context limitations of flat text formats. This in turn results in the lowest to average
degree of OD accessibility, understandability, interoperability, integrability and
intelligibility capabilities. This has a direct impact on mining capabilities (lowest to
average) due to mining scope and structure limitations - human mining scope and
hyperlinks structure. Overall, flat text resources offer minimal to moderate degree of
semantic value (knowledge) creation potential and consequently minimal to moderate
degree of semantic usability effectiveness. For maximal semantic enrichment, richness,
and consequently, knowledge creation, mining/harvesting and reuse potential, the data
must pass the level of machine readability (3-star level - XML) to also attain to levels of

machine processability (4- and 5-star levels).
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8.3.2 The ODSE Processing (Stage 2) Validation [Disintegrated Knowledge
Resources]

The Framework Validation for ODSE Stage 2, ODSE Processing validation involved an
assessment of the degree of OD value (knowledge) and semantic capabilities creation that
the ODSE Framework Stage 2 processing facilitates. The effectiveness assessment for
Stage 2, ODSE processing addressed the current challenge of OD publications
ineffectiveness by standardising and upgrading the ODSE pre-processed output in flat
text format through a combination of ontology and LOD-driven semantic enrichment. The
SDGI data and corresponding metadata were reconciled and interlinked to corresponding
resources within the Botswana Integrated Indicator Framework and the Web of data. The
deliverables of semantic enrichment are knowledge resources (Figures 7.5-7.6) — OD
resources enriched with corresponding metadata and linkages across the Web of Data.
Knowledge resources are easily understood by humans who can easily manipulate the
data. For machine, the data has to be presented in a way that defines the concepts and
their relationships as well as the computational elements pertaining to the data.
Therefore, knowledge resources present the data in a way that is accessible,
understandable, interoperable, integrable, and intelligible to both humans and machines.
In comparing the two knowledge extracts, it is clear that for both knowledge resources,
the result of semantic enrichment is a highly flexible data, RDF Data, in the form of subject-
predicate-object structure. This data has been validated through the process of resource
reconciliation to be valid and existing in the Web of Data. Also, through resources
reconciliation the metadata has been validated to be compliant with the standard
controlled vocabularies (ontologies). In addition, the data is linked to web resources for
contextual and conceptual clarity. That is, this semantically enriched resource extract
contains the metadata needed to understand and interpret SDGI 16.9.1.

So, the validation at this level was applied to the output data comprising disintegrated
knowledge resources. In terms of the richness attribute variable, knowledge resources
have high degree of mining capabilities due to resource’s semantic structure and context
which in turn results in high degree of OD accessibility, understandability,
interoperability, integrability and intelligibility capabilities. This has a direct impact on

mining capabilities (high). Therefore, following is the answer to the sub-question:
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To what degree does the ODSE Framework Stage 2 processing facilitates the creation

of OD value (knowledge) and semantic capabilities?
The ODSE Framework Stage 2 processing embodies high degree of knowledge and offers
high degree of semantic capabilities creation potential as well. Knowledge resources, in
the form of Linked Data with resource linkages involving a diversity of resources
available on the Web of Data, are an upgrade from 3-Star (moderate effectiveness - not
so good, not so bad status) to 4-Star (high level of publication effectiveness and high level
of accessibility, understandability, interoperability, integrability and intelligibility for
consumption effectiveness) with the differing degrees of maximum formation of
semantic value determination variables. Therefore, knowledge resources offer different
maximal degree of semantic value (knowledge) creation potential and consequently
different maximal degree of semantic usability effectiveness. However, at this stage, the
semantic data is in disintegrated files which limits the value mining (semantic)

capabilities to individual resources.

8.3.3 The ODSE Post-processing (Stage 3) Validation [Integrated Knowledge
Resources]

The Framework Validation for ODSE Stage 3, ODSE Post-processing validation involved an
assessment of the degree of OD value (knowledge) and semantic capabilities creation
potential facilitated by the ODSE Framework Stage 3 processing so as to determine the
ODSE approach with OD value maximisation potential in terms of the enrichment,
richness and mining attributes.

Stage 3 processing resolved the challenges of disintegrated knowledge resources with the
introduction of knowledge resources structuring. This involved the integration of these
files according to publication and consumption needs, resulting in integrated knowledge
resources. At this stage, the interlinked knowledge resources are hypothised to be having
the highest levels of publication and consumption effectiveness resulting from resources’
integration. To prove or disprove this hypothesis, further analysis of the integrated
knowledge resources mining cases was conducted on the basis of the evaluations made
in Subsection 7.4.2. Therefore, the effectiveness assessment for Stage 3, ODSE post-
processing pertained to the output data comprising integrated knowledge resources that

were further mined through SPARQL queries for semantic capabilities value added in
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terms of OD accessibility, understandability, interoperability, integrability and
intelligibility (Subsection 7.4.2). Overall, in comparison to flat text and individual
knowledge resources, integrated knowledge resources, in the form of Linked Data with
resource linkages involving a diversity of resources available on the Web of Data, fit in
the category of 5-Star OD publications with the differing degrees of maximal formation of
semantic value determination variables. In terms of semantic richness, integrated
knowledge resources offer the highest degree of mining capabilities due to integrated
resource’s semantic structure and context which in turn results in the highest degree of
OD accessibility, understandability, interoperability, integrability and intelligibility
capabilities. This has a direct impact on mining capabilities, differences in the maximal
degree due to differences in the mining scope and structure. The demonstrations of the
generic and domain knowledge resources mining cases above, revealed some insights on
the differences in embodied knowledge and created semantic capabilities that account to
the differing maximal degrees of knowledge creation and use capabilities.

Firstly, the accessibility comparison has proved that OD, semantically enriched with web
resource links, supports flexible and dynamic access to individual data values by both
humans and machines than OD published in flat text format or in non-enriched semantic
formats (e.g., XML). To start with, the accessibility demonstration proved flat text
resources to be limited in semantic access. The access differs according to presentation
structure and data formats. Data published in flat text format is accessed most effectively
by humans and this limits the knowledge creation and use potential to humans. Access to
SDGI published data is also provided in machine readable format (XML) and the Json,
Python, R, C#, and SDMX snippets are provided as access links. Despite this extended
access, the data visualisation and analysis are still limited to only one publication at a
time. In contrast, knowledge resources addressed these limitations by providing
flexibility in data access through the RDF (triple) structure which is easily accessible to
both humans and machines, thus increasing knowledge mining potential. However,
generic knowledge resources maximise global access with its wide web access points
while a domain knowledge resource maximise access to resources within a given domain

(deep web access points). Therefore, a combination of both wide and deep web access
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points has high positive impact on maximisation of knowledge creation and extraction
potentials.

Secondly, the understandability comparison proved flat text resources to be limited in
semantic clarity as only humans can easily draw relationships between the different data
elements. In addition, the clarity of non-enriched semantic data presented in XML format
is compromised as machines can read XML data but are limited in understanding without
specification of meaning, thus hampering data processing and knowledge creation and
use capabilities. Both ODSE approaches provide better understandability capabilities for
they augment published SDGI data with descriptive semantics in terms of SDGI attributes,
measurement attributes, dimensional attributes, and relating internal and external
agenda constructs. However, of the two ODSE approaches, the generic ODSE approach
has a shallow semantic representation potential compared to the domain ODSE approach
with customised and additional data descriptive semantics. For instance, NPI
disaggregation properties increased the understandability with a clear definition of the
population distribution of performance elements/components/aggregates.

In addition, the shared generic categorical properties of the generic ODSE approach
resulted in the extraction of duplicate records for matching values. For example, the
values marked in red (Figure 8.4), points to the source of record duplication, where the
generic relation property links SDG Agenda relations to Africa Agenda and Vision Agenda.
In contrast, a custom domain ontology (NPIOnto) which models domain knowledge in
detail enabled specifications of the disaggregation factors, as shown in Figure 6.8, for
more machine understanding and relationship differentiation (Figure 8.9). Therefore,
raw OD resources (flat text resources), unenriched semantic resources (XML) and generic
knowledge resources (generic ontology enriched resources) are limited in knowledge
mining potential as compared to domain knowledge resources (custom domain enriched
resources).

Thirdly, the interoperability comparison proved that flat text resources offer limited
interoperability potentials while knowledge resources enable easier sharing of values
across the semantic web. Further comparison revealed that generic knowledge
resources, with interlinkages to a wider web resource base are better suited in increasing

knowledge mining scope.
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Fourthly, the integrability comparison revealed that flat text resources offer minimal
resource linkage capabilities due to their disparate and heterogeneous publication form.
In contrast, knowledge resources have increased integrability capabilities, culminating
into increased knowledge mining potential. However, the generic knowledge resource
provides moderate integration capabilities while the domain knowledge resource
provides high integration capabilities with NPIOnto’s more precise integration points
(classes, and data, object, and annotation properties). Above that, NPIOnto integration
points enables interlinkages that fulfil the Botswana Integrated Indicator Framework
need of performance sharing and consolidation across development agendas.
Furthermore, for a domain knowledge resource output shown in Figures 8.7, 8.8-8.9, each
relation was given a different name for mapping differentiation, thus eradicating the
duplicate records extraction error depicted in Figures 8.3-8.4.
Lastly, the intelligibility comparison proved flat text resources to be limited in intelligible
operations. Intelligibility capabilities of flat text resources are based on data visualisation
tools that offer a rich dimensional view diversity (Figures 4.4. & 4.6) but this intelligibility
is compromised by the unidimensional, disparate and heterogeneity of the data.
Knowledge resources, with a clear definition of dimensional data attributes, transcends
these limitations and offer the capability to produce intelligible insights. However, the
generic knowledge resource intelligibility proved to be limited by the generality of
knowledge representation while that of the domain knowledge resource featured
additional custom dimensions that extended analytical views to include the development,
theme, and measurement scope and type. In short, domain knowledge resources have
high knowledge mining potential. Therefore, following is the answer to the sub-question:
To what degree does the ODSE Framework Stage 3 processing facilitates the
creation of OD value (knowledge) and semantic capabilities?
Knowledge resources offer different highest degree of semantic value (knowledge)
creation potential and consequently different highest degree of semantic usability
effectiveness. The domain knowledge resources have the highest knowledge creation and
use potential.
Overall, answers to these three sub-questions indirectly address the overarching

question. As all indicators have the same relationship structure depicted in Figure 8.1,
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the results of the sample performance indicator instance analysis were then generalised
and presented as the overall framework validation findings and contributions. Therefore,
following is the answer to the main ODSE Framework validation question:
Which OD resource has the potential to maximise OD value (knowledge) creation
and usability capabilities?
Integrated, semantically enriched OD resources (integrated knowledge resources) have
the potential to maximise OD value (knowledge) creation and usability capabilities at
differing levels. Integrated domain knowledge resources have highest degrees of

knowledge creation and usability capabilities.

8.4 Framework Finalisation

To conform the preliminary ODSE Framework for generic use, it was redesigned for
reusability capabilities. This was achieved by factoring in the revision needs for the
generalised framework identified from framework demonstration and evaluation

(verification and validation).

8.4.1 Framework Redesign Elements

There are five main framework redesign elements identified from the demonstration and
evaluation findings. The first framework redesign element pertains to the ODSE
Framework architectural pillars. The ODSE Framework demonstration was centred on
the creation of semantic value on the basis of semantic value creation approaches with
potential for knowledge creation maximisation and with a consideration for the
assessment of semantic value as well. Therefore, the final ODSE Framework design is
founded on the pillars of semantic value creation processing, semantic value creation
maximisation approach and semantic valuation. These framework foundational design

elements were featured into the ODSE Framework functionality design.

The second framework redesign element pertains to the ODSE Framework approaches.
The framework validation revealed important insights on the ODSE approaches
pertaining to: 1) insights on semantic capabilities value-added through the two ODSE
approaches, and 2) insights on the knowledge creation potential of ODSE approaches. So,

framework validation justified the modelling of the ODSE approaches component as the
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major determinant of the level of OD value (knowledge) creation potential and
consequently, knowledge resource usability potentials. The two ODSE approaches were
factored into the framework to create a diversity in the production of knowledge
resources which differ in quality/value according to the levels of semantic richness of the
ontology used. Framework validation through the OD publication and consumption
effectiveness evaluations have further proved that the generic ODSE approach to ODSE
processing and the resulting knowledge resources are more focused on attaining
semantic interoperability in the Web of Data while the domain ODSE approach to ODSE
processing and the resulting knowledge resources are more focused on attaining
semantic richness. Therefore, the latter was discovered to be having the maximal
potential for OD value (knowledge) creation maximisation, demonstrated by the
resource’s degree of accessibility, understandability, interoperability, integrability and
intelligibility capabilities. However, to maintain a balance between semantic richness for
maximal knowledge harvesting, and interoperability for web wide connectedness, the

ODSE Framework was redesigned on the combination of these two ODSE approaches.

The third framework redesign element pertains to the formation of semantic capabilities.
The ODSE Framework validations revealed that OD accessibility and interoperability
precedes all other capabilities. This verified that the first process in data enrichment
processing, resource reconciliation establishes the accessibility and interoperability
potentials of related web resources. These are instrumental to the second stage of data
enrichment processing, resource RDFization, which creates metadata linkages between
relating web resources. The wider the metadata linkages across the semantic web, the
stronger is the support for OD understandability and intelligibility operations and vice

versa.

The last two framework redesign elements pertain to two categories of ODSE Framework
implementation tools. Therefore, the fourth framework redesign element pertains to the
first category which embraces three models with reusability potential that were
produced in the course of the preliminary ODSE framework demonstration, the ODSE
scoping models. These models, considered ODSE Framework implementation support

tools, were factored into the redesigned version of the ODSE Framework as development
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agenda domain reference models for future support of ODSE Framework
implementations. The three comprises the following:

e Open Data evolution model (Figure 4.1 in Section 4.2), a theoretical representation
of OD support needs for the implementation of Vision 2036, Sustainable Economic
Development (Pillar 1). It models the transition from OD to Open Knowledge,
centred around OD processing, distribution and use;

e NPIOnto scope model, the scoping model for NPI domain knowledge
representation, a conceptual and semantic representation of NPIs and their
properties for the development agendas that constitute the Botswana Integrated
Indicator Framework; and

e Semantic capabilities relational model deduced from the findings of the knowledge
resources evaluation findings.

As explained in the methodology chapter (Subsection 3.3.5) the first two models were
developed according to the generic conceptual framework development method
described in Subsection 3.3.2. The third model was developed according to the Semantic

Valuation Tools Development Method (RM8) outlined in Subsection 3.3.5.

Lastly, the fifth framework redesign element pertains to the second category of
framework implementation support redesign elements which embraces the ODSE
assessment models. In addition to the ODSE scoping models, this research factored into
the ODSE Framework design, four semantic valuation models to address the semantic
valuation challenge pertaining to lack of semantic value assessment tools for knowledge
resources. The models were developed to serve as the ODSE Framework implementation
support tools and for semantic enrichment output (knowledge resources) assessment of
resources’ enrichment, richness, mining and usability worth or value. Three models,
semantic enrichment, richness and mining assessment models were produced on the
basis of the preliminary ODSE Framework evaluation findings according to the Semantic
Valuation Tools Development Method (RM8) outlined in Subsection 3.3.5 and the fourth
model, the semantic usability assessment model detailed in Subsection 3.3.4 (Table 3.1 &
Figure 3.2) was produced as an extension of Tim Berners Lee’s Linked Data publication

standard discussed in Section 2.4.
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e The semantic enrichment assessment model is a graphical representation of OD
value (knowledge) creation potential of OD resources on the basis of enriched
semantic capabilities for a given ODSE approach for the assessment of the impact
of a given ODSE approach on the resulting knowledge resources and for the
assessment of the semantic capabilities value-added to a given knowledge
resource, as well as, for the assessment of the OD value (knowledge) creation
potential of a given knowledge resource, demonstrated by the resource’s degree
of enriched semantic capabilities;

e The semantic richness assessment model is a graphical representation of
relationship between semantic richness of OD resource and OD value (knowledge)
creation potential to depict how a given type of OD publication resource impacts
on OD extraction/harvesting mode for the assessment of how the semantic
richness of a given resource is likely to influence its knowledge creation
capabilities and for the assessment of the appropriate OD value (knowledge)
harvesting tool for a given level of semantic richness of a knowledge resource;

e The semantic mining assessment model is a graphical representation of the linkage
between the type of OD resource and the knowledge mining potential for the
assessment of the ontology approach that best fits specific knowledge mining
needs. For instance, with a given set of semantic use value requirements
(knowledge harvest expectations), decisions can be made on the most applicable
ODSE approach to knowledge production that will yield the desired knowledge
harvest (semantic use value), i.e., whether domain or generic ODSE approach or a
combination of the two ODSE approaches; and

e The semantic usability assessment model is a graphical representation of the
qualitative matrix in the form of a 5-point rating scheme of OD publication and
consumption effectiveness ratings derived from a combination of the semantic
enrichment, richness and mining attributes and the 5-Star Scheme for Linked Data
for the assessment of the publication and consumption effectiveness of a given
type of OD resource.

The summary of semantic value assessment models is provided in Table 8.2.
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Table 8. 2: Summary of Design Features for Semantic Valuation Models

MODEL MODEL 1 MODEL 2 MODEL 3 MODEL 4
VARIABLE
MODEL DESCRIPTION

Model Name Assessment Model | Assessment Model | Assessment Model | Assessment Model
for Open Data Value | for Open Data Value | for Open Data | for Open Data
(Knowledge) (Knowledge) Resource Mining | Publication and
Creation Creation Capabilities Consumption
Capabilities per | Capabilities per Effectiveness
Semantic Open Data Resource
Enrichment
Approach

Model Assessment | semantic semantic richness | semantic mining | semantic usability

Dimension enrichment assessment assessment assessment
assessment

Model Assessment | assessment of the | assessment of the | assessment of the | assessment of the

Scope degree of semantic | degree of semantic | degree of semantic | degree of semantic
enrichment impact | richness impact on | mining impact on | usability impact on
on semantic value | semantic value | semantic value | semantic value
(knowledge) (knowledge) (knowledge) (knowledge)
creation potential of | creation potential of | creation potential of | creation potential of
a given OD resource | agiven OD resource | agiven OD resource | agiven OD resource

SEMANTIC VALUE CREATION VARIABLES

Semantic Value | expressed in terms | expressed in terms | expressed in terms | expressed in terms

Variable of minimum, | of minimum, | of minimum, | of minimum, lowest,
moderate and | moderate and | moderate and | low, moderate, high,
maximum rating | maximum rating | maximum rating | highest and
scale scale scale maximum rating

scale

(Semantic Value | type of semantic | type of OD resource | type of OD resource | type of OD resource

Independent enrichment (flat text resources, | (flat text resources, | (expressed in terms

Variable) approach (no | generic knowledge | generic knowledge | of Tim Berners-Lee’s

[data  publication | semantic resource, domain | resource, domain | 5-Star deployment

Variable] enrichment, generic | knowledge knowledge scheme for Linked
ODSE approach, | resource) resource) Data (1-, 2-, 3-, 4- &
domain ODSE 5-star 0D
approach) publications) -

publication variable

(Semantic Value | degree of semantic | degree of semantic | degree of semantic | degree of semantic

Dependent Variable | value (knowledge) | value (knowledge) | value (knowledge) | value (knowledge)

1) creation potential | creation potential | creation potential | creation potential

[data  publication | (expressed in terms | (expressed in terms | (expressed in terms | (expressed in terms

and  consumption | of semantic | of structure - flat | of mining scope - | of a combination of

Measure Variable] capabilities - | text vs semantic and | human vs machine; | semantic
accessibility, context - flat text vs | link structure form - | enrichment,
understandability, semantic) hyperlink vs RDF; | richness and mining
interoperability, link coverage scope | attributes)
integrability & - wide vs narrow;
intelligibility) knowledge coverage

scope shallow vs

deep)

(Semantic Value | Degree of semantic | Degree of semantic | Degree of semantic | Degree of semantic

Dependent Variable | enrichment richness mining Effectiveness | usability

2) Effectiveness Effectiveness (expressed in terms | Effectiveness

Semantic Attribute | (expressed in terms | (expressed in terms | of mining scope, link | (expressed in terms

Measure Variable of semantic | of structure and | structure form, link | of a combination of

[Enabler of OD | enrichment context) coverage scope and | semantic

consumption attributes that are in knowledge coverage | enrichment,

Measure variable] the form of semantic scope) richness and mining
capabilities) attributes)
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(Semantic Value | semantic semantic richness | semantic mining | semantic usability
Determinant enrichment attributes attributes attributes
Variable) attributes (expressed in terms | (expressed in terms | (expressed in terms
Semantic Attribute | (expressed in terms | of structure - flat | of mining scope - | of a combination of
variable of semantic | text vs semantic and | human vs machine; | semantic
[Enabler of OD | capabilities - | context - flat text vs | link structure form - | enrichment,
consumption accessibility, semantic) hyperlink vs RDF; | richness and mining
variable] understandability, link coverage scope | attributes)
interoperability, - wide vs narrow;
integrability & knowledge coverage
intelligibility) scope shallow vs
deep)
RELATIONS BETWEEN SEMANTIC VALUE CREATION VARIABLES
Relation 1 the type of semantic | the type of OD | the type of OD | the type of OD
Independent enrichment resource determines | resource determines | resource determines
variable and | approach the degree of | the degree of | the degree of
semantic attribute | determines the | effectiveness of | effectiveness of | effectiveness of
variable relation degree of | semantic richness | semantic mining | semantic usability
effectiveness of | attributes attributes attributes
semantic (expressed in terms | (expressed in terms | (expressed in terms
enrichment of structure and | of mining scope, link | of semantic usability
attributes context) structure form, link | attributes
(expressed in terms coverage scope and | comprising
of semantic knowledge coverage | semantic
enrichment scope) enrichment,
attributes that are in richness and mining
the form of the five attributes)

semantic
capabilities)

Relation 2 0D resources differ | OD resources differ | OD resources differ | OD resources differ
oD resource | according to the | according to the | according to the | according to the
variable and | degree of | degree of | degree of | degree of
semantic attribute | effectiveness of | effectiveness of | effectiveness of | effectiveness of
variable relation semantic semantic richness | semantic mining | semantic usability
enrichment attributes attributes attributes
attributes (expressed in terms | (expressed in terms | (expressed in terms
(expressed in terms | of structure and | of mining scope, link | of semantic usability
of semantic | context) structure form, link | attributes
enrichment coverage scope and | comprising
attributes that are in knowledge coverage | semantic
the form of the five scope) enrichment,
semantic richness and mining
capabilities) attributes)
Relation 3 The level of | The level of | The level of | The level of
Semantic attribute | semantic semantic richness | semantic mining | semantic usability
variable and | enrichment attributes attributes attributes
semantic attribute | attributes determines the | determines the | determines the
measure  variable | determines the | degree of | degree of | degree of
relation degree of | effectiveness of | effectiveness of | effectiveness of
effectiveness of | semantic richness semantic mining semantic  usability
semantic [that is, the | [that is, the | (publication and
enrichment minimum, moderate | minimum, moderate | consumption)
[that is, the | and maximum | and maximum | [that is, the
minimum, moderate | degrees of structure | degrees of mining | minimum, moderate
and maximum | and context = scope, link structure | and maximum
degrees of semantic | minimum, moderate | form, link coverage | degrees of a
capabilities = | and maximum | scope and | combination of
minimum, moderate | degrees of | knowledge coverage | semantic
& maximum degrees | effectiveness of | scope = minimum, | enrichment,
of effectiveness of | semantic richness] moderate and | richness and mining

semantic
enrichment]

maximum degrees

attributes =
minimum, moderate
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of effectiveness of
semantic mining]

& maximum degrees
of effectiveness of
semantic usability]

Relation 4
Semantic
measure variable
and dependent
variable relation

attribute

the degree of
effectiveness of
semantic

enrichment has a
direct impact on the
degree of semantic
value (knowledge)
creation potential

(expressed in terms

the degree of
effectiveness of
semantic  richness

has a direct impact
on the degree of
semantic value
(knowledge)
creation potential
(expressed in terms

the degree of
effectiveness of
semantic mining has
a direct impact on

the degree of
semantic value
(knowledge)

creation potential
(expressed in terms

the degree of
effectiveness of
semantic  usability

has a direct impact
on the degree of
semantic value
(knowledge)
creation potential
(expressed in terms

of semantic | of semantic richness | of semantic mining | of semantic usability
enrichment attributes - | attributes - mining | attributes
attributes thatare in | structure and | scope, link structure | comprising
the form of the five | context) form, link coverage | semantic
semantic scope and | enrichment,
capabilities) knowledge coverage | richness and mining
scope) attributes)
Relation 5 the type of semantic | the type of OD | the type of OD | the type of OD
independent enrichment resource determines | resource determines | resource determines
variable and | approach the degree of | the degree of | the degree of
dependent variable | determines the | semantic value | semantic value | semantic value
relation degree of semantic | (knowledge) (knowledge) (knowledge)
value (knowledge) | creation potential | creation potential | creation potential
creation  potential | (expressed in terms | (expressed in terms | (expressed in terms
(expressed in terms | of semantic richness | of semantic mining | of semantic usability
of semantic | attributes - | attributes - mining | attributes
enrichment structure and | scope, link structure | comprising
attributes thatare in | context) form, link coverage | semantic
the form of the five scope and | enrichment,
semantic knowledge coverage | richness and mining
capabilities) scope) attributes)
Model Applications
Model Application 1 | Assignment of rates | Assignment of rates | Assignment of rates | Assignment of rates
[Resource to semantic | tosemantic richness | to semantic mining | to semantic
Grading/Rating enrichment attributes for a given | attributes fora given | usability attributes
Application] attributes for a given | type of OD resource | type of OD resource | for a given type of
Semantic attribute | type of OD resource | (expressed in terms | (expressed in terms | OD resource
variable and OD | (expressed in terms | of minimum, | of minimum, | (expressed in terms
resource  variable | of minimum, | moderate and | moderate and | of minimum, lowest,
relation moderate and | maximum rating | maximum rating | low, moderate, high,
maximum rating | scale) scale) highest and
scale) maximum rating
scale)
Model Application 2 | Selection of OD | Selection of OD | Selection of OD | Selection of OD
[Resource Selection | resources with | resources with | resources with | resources with
Application] appropriate appropriate appropriate appropriate
oD resources | semantic semantic richness | semantic mining | semantic usability
variable; semantic | enrichment attributes for a given | attributes for a given | attributes for a given
attribute  variable | attributes foragiven | target of semantic | target of semantic | target of semantic
and dependent | target of semantic | value (knowledge) | value (knowledge) | value (knowledge)
variable relation value (knowledge) | creation measure | creation measure | creation measure
creation  measure | (expressed in terms | (expressed in terms | (expressed in terms
(expressed in terms | of minimum, | of minimum, | of minimum, lowest,
of minimum, | moderate and | moderate and | low, moderate, high,
moderate and | maximum rating | maximum rating | highest and
maximum rating | scale) scale) maximum rating
scale) scale)
Model Application 3 | Selection of OD | Selection of OD | Selection of OD | Selection of OD
[Resource Selection | resources with | resources with | resources with | resources with
Application] appropriate appropriate appropriate appropriate
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0D resources
variable; semantic
attribute  variable
and semantic
attribute  measure

variable relation

semantic
enrichment
attributes for a given
target of semantic
enrichment
effectiveness rating

semantic  richness
attributes for a given
target of semantic
richness

effectiveness rating
(expressed in terms

semantic mining
attributes for a given
target of semantic
mining effectiveness
rating (expressed in
terms of minimum,

semantic  usability
attributes for a given
target of semantic
usability

effectiveness rating
(expressed in terms

(expressed in terms | of minimum, | moderate and | of minimum, lowest,
of minimum, | moderate and | maximum rating | low, moderate, high,
moderate and | maximum rating | scale) highest and
maximum rating | scale) maximum rating

scale) scale)
Model Application 4 | Evaluation of the | Evaluation of the | Evaluation of the | Evaluation of the
[Resource Evaluation | degree of | degree of | degree of | degree of
Application] effectiveness of | effectiveness of | effectiveness of | effectiveness of
Semantic usability | semantic semantic richness | semantic mining for | semantic usability
measure  variable | enrichment for a | for a given type of | a given type of OD | (both  publication
and OD resource | given type of OD | OD resource | resource (expressed | and  consumption
variable relation resource (expressed | (expressed in terms | in terms of | effectiveness) for a
in terms of | of minimum, | minimum, moderate | given type of OD
minimum, moderate | moderate and | and maximum rating | resource (expressed
and maximum rating | maximum rating | scale) in terms of
scale) scale) minimum, lowest,
low, moderate, high,
highest and
maximum rating

scale)

Model Application 5
[Resource Evaluation
Application]
Dependent variable
and OD resource
variable relation

Evaluation of the
degree of semantic
value (knowledge)
creation  potential
for a given type of
semantic

enrichment
approach
(expressed in terms
of minimum,
moderate and
maximum rating
scale)

Evaluation of the
degree of semantic

value (knowledge)
creation  potential
for a given type of
oD resource
(expressed in terms
of minimum,
moderate and
maximum rating
scale)

Evaluation of the
degree of semantic

value (knowledge)
creation  potential
for a given type of
(0))) resource
(expressed in terms
of minimum,
moderate and
maximum rating
scale)

Evaluation of the
degree of semantic
value (knowledge)
creation  potential
for a given type of
(0])) resource
(expressed in terms
of minimum, lowest,
low, moderate, high,

highest and
maximum rating
scale)

8.4.2 Framework Adjustments

To the first stage, OD pre-processing, the adjustment made pertained to the addition of

the pre-processing output component. To the second stage, OD semantic enrichment

processing, all the sub-processes were compressed into two components, ODSE approach

component and data enrichment component. The ODSE approach component comprises

the generic ODSE approach (semantic enrichment processing based on generic

ontologies) and the domain ODSE approach (semantic enrichment processing based on

custom domain ontologies). The data enrichment component comprises the resource

reconciliation and the resource RDFization processes. To the third stage, OD post-

processing, the framework was adjusted to reflect knowledge resources structuring and

D
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deployment components. Lastly, Table 8.3 gives a summary of how the framework

implementation support tools were factored into the ODSE Framework (Figure 9.1).

Table 8. 3: Summary of Potential Application of the ODSE Framework Implementation Support Tools

ODSE FRAMEWORK APPLICATION

ODSE MODEL

ODSE
ACTIVITY

DESCRIPTION

SCOPING TOOLS - ODSE SCOPING MODELS

Open Data Evolution Model

(Figure 4.1)

Models the transition from Open Data to
Open Knowledge, centred on OD
processing, distribution and use.

NPIOnto Scope Model

(Figure 9.2)

e A conceptual and semantic
representation of NPIs and their
properties for the development
agendas that constitute the
Botswana Integrated Indicator
Framework.

e Itis a source of insights that address
the domain scoping needs in the
Botswana development agenda
domain applications, with a specific
focus on the Botswana Integrated
Indicator Framework scope.

Semantic Capabilities Relational
Model

(Figure 9.3)

Models relations between oD
accessibility, understandability,
interoperability,  integrability =~ and
intelligibility

1.1

1.2

2.1

2.2

2.3

4.1

4.2

4.2.1

423

4.2.4

5.0

To serve as a generic development agenda domain
scoping tool to be used in the assessment of the scope
of OD publication resources (raw OD resources) for
collection.

To serve as a generic development agenda domain
scoping tool to be used in the assessment of the scope
of OD publication and consumption specification
resources for collection.

To serve as a generic development agenda domain
scoping tool to be used in the assessment of the pre-
processing resource cleaning, transformation and
integration needs.

To serve as a generic development agenda domain
scoping tool to be used in the assessment of the scope
of search for semantic publication and consumption
needs.

To serve as a generic development agenda domain
scoping tool for modelling the semantic value creation
needs.

To serve as a potential ontology target for semantic
enrichment and any other reuse applications.

To serve as a reference model in the specification,
initial  structuring, conceptualisation (design),
formalisation  (development), evaluation and
deployment of related NPI domain applications and
systems.

To serve as an NPI domain scoping tool that provides
a common understanding of the development agenda
domain.

To serve as an NPI domain scoping tool for NPIOnto
conceptualisation adaptations in similar domain
applications.

To serve as an NPI domain scoping tool in the
extraction of NPI constructs (development agenda
concepts and property definitions) for reuse or
extension among OD publishers and consumers.

For the assessment of how to factor in semantic
capabilities in the design and implementation of
semantic enrichment process flows for applications
that enhance semantic capabilities. It provides
insights on semantic capabilities formation
dependencies to support holistic semantic
capabilities modelling for semantic enrichment
processing applications.

ASSESSMENT TOOLS - ODSE ASSESSMENT MODELS
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Semantic Enrichment Assessment | 7.1

Model

(Figure 9.4)

Models OD value (knowledge) creation

potential of OD resources on the basis of

enriched semantic capabilities for a

given ODSE approach

Semantic Richness Assessment Model | 7.1

(Figure 9.5) 8.2

e Models the relationship between
semantic richness of OD resource
and OD value (knowledge) creation
potential to depict how a given type
of OD publication resource impacts
on OD extraction/harvesting mode

e [t gives insights on how the
combination of a given OD resource
structure (syntax) and context
(semantics) is likely to impact on the
richness of semantic meaning and
mining/harvesting of that resource
and the overall impact on OD value
(created knowledge).

Semantic Mining Assessment Model | 4.0

(Figure 9.6)

e Models the linkage between the type | 4.1.2
of OD resource and the knowledge | 4.2.1
mining potential

e It enables a balanced assessment of
the key dimensional variables (data
access, link structure, link coverage
and knowledge coverage) of a given
knowledge resource (that represent
qualities to be embedded on the data | 4.1.4
through  semantic  enrichment
processing so as to enhance the
knowledge mining potential) to
determine its knowledge mining
capabilities

Semantic Usability Assessment Model | 2.1

(Table 3.1 & Figure 3.2) 3.1

Models qualitative matrix in the form of | 6.0

a 5-point rating scheme of OD | 7.0

publication and consumption

effectiveness ratings derived from a

combination of the semantic capabilities

and the 5-Star Scheme for Linked Data

37 PhD Thesis

@

CSIS
Department

e For the assessment of the impact of a given ODSE
approach on the resulting knowledge resources.

e For the assessment of the semantic capabilities
value-added to a given knowledge resource.

e For the assessment of the OD value (knowledge)
creation potential of a given knowledge resource,
demonstrated by the resource’s degree of
enriched semantic capability demonstration.

e For the assessment of how the semantic richness
of a given resource is likely to influence its
knowledge creation capabilities.

e For the assessment of the appropriate OD value
(knowledge) harvesting tool for a given level of
semantic richness of a knowledge resource

For the assessment of the ontology approach that best
fits specific knowledge mining needs.

For the identification and specification of ontology
enrichment requirements to support the production
of knowledge resources that meet the knowledge
mining results. It enables the specifications of
semantic enrichment output (semantic resources) in
terms of semantic qualities (data access, link
structure, link coverage and knowledge coverage)
that determine the knowledge mining potential

For the assessment of suitable ontology targets for a
given knowledge mining operation. It gives insights
on the potential impact of a given OD resource type
(resource types differ in terms of the level of data
access, link structure, link coverage and knowledge
coverage) on OD value (knowledge) mining
operations.

For the assessment of the publication and
consumption effectiveness of a given type of OD
resource.

Ontology-Driven Semantic Enrichment
Framework for Maximal Creation of 179
Open Data Value



8.5 Conclusion
Chapter Eight documents how Research Objective 4, evaluation of the preliminary
semantic Enrichment framework completeness, cohesiveness and effectiveness, addressed
Research Question 4 expressed as:

What is the completeness, cohesiveness and effectiveness of the preliminary semantic

enrichment framework?
Firstly, in terms of framework completeness and cohesiveness (framework verification),
this research question sought to establish the degree of inclusion of all semantic
enrichment entities and the degree of the connectivity and flow of both the individual
stage elements and the integrated elements per process for all stages. Secondly, in terms
of framework effectiveness (framework validation), this research question sought to
establish the degree of framework effectiveness in maximising OD value (knowledge)
creation potential and in determining the potential impact on knowledge resource
usability potential. The framework validations pertained to functionality assessment
through OD value (knowledge) mining for structure and meaning value-added to OD
semantic capabilities per ODSE Framework stage.
To start with, framework verification has proved semantic enrichment processes,
approaches, capabilities, techniques and technologies to be complete and satisfactorily
working cohesively. However, some adjustments were found necessary to be effected for
the generalised framework. Those adjustments were further validated to be feasible

through framework validation.

Chapter Eight also documents how Research Objective 5, finalisation of the semantic
enrichment framework for reusability addressed Research Questions 5 below:

What is the reusability potential of the semantic enrichment framework finalised on

the basis of the preliminary framework demonstration and evaluation findings?
This research question sought to establish the degree of framework application in similar
scenarios. This research has fully demonstrated with the ODSE Framework, the creation,
structuring, sharing deployment and mining of semantic value. Due to the demonstration
aspect of the ODSE Framework, it brought more light on the implementation specifics
that played a key role in evolving the preliminary ODSE Framework design into a more

generic ODSE Framework for its reusability. The framework was redesigned on the basis
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of the demonstration and evaluation findings for generic use in the development agenda
domain. In comparison, the preliminary ODSE Framework presented in Chapter Five
(Figure 5.1) and demonstrated in Chapters Six and Seven is specific to Botswana’s needs
on elements and process flows while the final ODSE Framework represents the
generalised redesign of these elements and process flows. The framework was
redesigned as follows:

o Stage 1 - addition of the pre-processing output component,

o Stage 2 - compression of all sub-processes into two components such that the
ODSE approach component comprises the generic ontologies (generic ODSE
approach) and custom domain ontologies (domain ODSE approach) and the data
enrichment component comprises resource reconciliation and RDFization
processes, and

o Stage 3 - addition of resource processing and deployment components.

In addition, it factors into the three stages reusable implementation support tools, the
scoping and assessment models. Therefore, the final ODSE Framework is a reusable
design artifact presented in Chapter Nine as the main research contribution together with

the ODSE Framework implementation support tools.
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CHAPTER NINE: RESEARCH CONTRIBUTION

9.1 Introduction
This chapter presents the research output, the final version of the Ontology-Driven
Semantic Enrichment Framework (ODSE Framework) that was developed as an
endeavour to address the gap of reviewed semantic value creation frameworks.
Reviewed frameworks were found to be focused on adding semantic value (use value) to
raw OD resources in flat text formats to improve semantic capabilities through either:

e the addition of a layer of semantic meaning to raw OD resources (semantics

enrichment focus); or
e the addition of a layer of semantic structure to raw OD resources (syntax
enrichment focus); or

e the addition of a combination of the two layers.
However, they were found to be lacking mechanisms to facilitate and evaluate the degree
of semantic value creation capabilities. Currently, this knowledge gap makes it difficult to
drive the semantic value creation process toward yielding specific desired results, which
in this case, pertains to the creation of knowledge resources with maximal knowledge
creation potential. It also makes it difficult to evaluate the degree of semantic enrichment
impact effected through the semantic value creation process. This knowledge gap has
sparked a quest to find semantic solutions with mechanisms for facilitation and
evaluation of the degree of semantic value creation capabilities of knowledge resources.
To address the knowledge gap discussed above, the ODSE Framework, represented in
graphic form as shown in Figure 9.1, is founded on the pillars of: 1) semantic value
creation processing modelled by the ODSE Framework Components 1.0-8.0; 2) semantic
value creation maximisation approach modelled by the ODSE Framework Component

4.0; and 3) semantic valuation modelled into all the ODSE Framework Components (all

tools).
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Stage 1 — ODSE Pre-processing

1.0 Pre-processing
Input Component

Gathering of source data and metadata resources

1.1 Collection of OD publication resources - raw
0D resources for development agendas
[Tool: OD Evolution model]

1.2 Collection of OD publication and consumption
specification resources - development agendas
and OD program dacumentations

[Tool: OD Evolution modei]

2.0 Pre-processing

Implementation Component

[Tool: OD Evolution model]

3.0 Pre-processing
Output Component

3.1 Processed raw OD resources

2.1 Processing of raw OD resources - OD analysis,
cleaning, transformation & integration
[Tool: Semantic usability assessment model]

2.2 Identification of semantic publication &

consumption needs

2.3 Deduction of semantic consumption &

publication modelling needs

[Tool: Semantic usability
assessment model]
3.2 Identified semantic publication needs
3.3 Identified semantic consumption needs

Stage 2 — ODSE Processing

Stage 3 — ODSE Post-processing

4.0 ODSE Approach Component
[Tooi: Semantic mining assessment modef]

Generic ODSE Approach (Generic Ontologies)
4.1 Choice of Generic Ontologies
[Tool: NPiOnto scope model]
4.1.1 Analysis of source data and metadata
4.1.2 Identification of ontology enrichment
requirements
[Tool: Semantic mining assessment model]
4.1.3 Search for potential ontology targets
4.1.4 Selection of suitable ontology targets
[Tool: Semantic mining assessment model]
Domain ODSE Approach {Custom Domain Ontology)
4.2 Development of Custom Domain Ontologies
[Tool: NPIOnto scope model]
4.2.1 Specification Phase
[Tool: NPIOnto scope model]
[Tooi: Semantic mining assessment model]
4.2.2 Knowledge Acquisition Phase
4.2.3 Conceptualisation Phase
[Tool: NPIOnto scope model]
4.2.4 Formalisation Phase
[Tool: NPIOnto scope model]

4.2.5 Evaluation Phase

5.0 Data Enrichment Compcnent
[Tool: Semantic capabilities
relational model]

5.1 Resource Reconciliation

5.1.1 Ontology upload or web link to
local server

5.1.2 Replacement of local metadata
values with Web ontology values

5.2 Resource RDFization

5.2.1 Creation of flat text resource links
to Web URLs of ontology targets

5.2.2 Generation of triples

7.0 Knowledge Resources
Structuring Component
[Tool: Semantic usability assessment model]

7.1 sorting of knowledge resources by functionality
support needs for packaging (publication and
consumption needs)

[Tool: Semantic enrichment assessment model]

[Tool: Semantic richness assessment modei]
7.2 Creation of knowledge resource packages
through triples integration {publication and
consumption packages)

6.0 Enrichment Output Component
[Tool: Semantic usability
assessment model]

8.0 Knowledge Resources
Deployment Compenent

6.1 Generic knowledge resources
6.2 Domain knowledge resources

8.1 Knowledge resources publication/sharing
Deployment of Knowledge resources to
knowledge mining environments or plants such
as public knowledge resource pools for
knowledge mining operations

8.2 Knowledge resources consumption/use
Execution of Knowledge mining/harvesting
operations

[Tool: Semantic richness assessment model]

Figure 9. 1: Final Ontology-Driven Semantic Enrichment Framework

The ODSE framework is organised in three implementation stages pertaining to ODSE

pre-processing, processing and post-processing. Following is a detailed framework

discussion.

9.2 Stage 1: ODSE Pre-processing

The ODSE pre-processing is the preliminary stage which deals with the gathering of
semantic enrichment input and its preliminary processing to produce preliminary output
for further semantic enrichment processing. This stage has three sub-processes
comprising the pre-processing input, pre-processing implementation, and pre-

processing output components.
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9.2.1 Pre-processing Input (ODSE Component 1.0)
The pre-processing input component involves the gathering of source data and metadata
resources which pertains to the collection of OD publication resources together with

corresponding OD publication and consumption specification resources.

Collection of OD publication resources (ODSE Activity 1.1)

The pre-processing input component pertains to the collection of OD publication resources
(raw OD resources) for development agendas. So, this activity involves the identification
and extraction of development agendas’ raw OD resources to be enriched, specifically, the
extraction of published data from secondary sources, i.e., web platforms. However, this
research has observed that access to the data for most OD publications is in diverse
formats and these formats are also at diverse levels of publication effectiveness, i.e., pdf -
1-Star publication providing the different degrees of minimum levels of publication
effectiveness; and spreadsheet — 2-Star publication also providing the different degrees
of minimum levels of publication effectiveness. In addition, some access formats are
compatible (readable and understandable) only to humans (i.e., flat text resources) while
others to both humans and machines (i.e.,, XML). Furthermore, some of the published
data may have diverse definitions and availed in different platforms, for instance, the
published data may be available in a web platform while the unpublished data pertaining
to additional metadata may be residing in different platforms. In short, input data to be
enriched is characterised by OD disparateness in terms of presentation formats and OD
heterogeneities in terms of access formats, platforms, and data definitions. In the
Botswana case study demonstration, published OD for the SDG Agenda was retrieved
from Statistics Botswana data portal. The input data was found to be comprised of
numerous spreadsheet files presented separately according to the 17 SDGs. For each goal,
the data was presented separately on the basis of each SDGI. In addition, the metadata

was found to be presented at different levels of flat data structures.

Collection of OD Publication and Consumption Specification Resources (ODSE
Activity 1.2)

The pre-processing input component also involves the collection of OD publication and
consumption specification resources of relevant documentations on development

agendas and OD programs. This pertains to the identification of the motive for the
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enrichment so as to determine the semantic value to be added to the data and the
identification of potential sources of metadata for the enrichment. This involves the
collection of documentations, mainly government strategic documents for OD and
development agendas, i.e., policies, strategic plans and initiatives for OD programs and
development agendas. The OD programs and development agenda documentations are
sources of the OD and development agenda domain knowledge, thus, constituting the rich
metadata sources for semantic enrichment. However, this research has discovered that
the metadata sources are in most cases availed in diverse flat text formats. They are also
availed in diverse platforms, i.e., some are published in the Web and others in local (in-
house) data management platforms. In the Botswana case study demonstration, the
documentations availed in pdf and spreadsheet formats, comprised of the current NDP
Agenda and Vision Agenda documentations; the Botswana OD Readiness Assessment
Survey report; SDGs National Baseline Indicator Framework Proposal; Botswana
Domesticated SDGs and the global 2030 SDGs Indicator List.

Overall, the diversity of OD publication formats and platforms for both published data
and metadata sources makes it difficult to access, understand, interoperate, integrate,
and make intelligible use of the data. This hampers OD value (knowledge) creation
capabilities and consequently, knowledge extraction capabilities. To address these

limitations, the data has to undergo some processing detailed in the next sections.

9.2.2 Pre-processing Implementation (ODSE Component 2.0)
The pre-processing implementation component deals with the preliminary processing of
source data and metadata resources, specifically, the processing of raw OD resources and

the identification of semantic publication and consumption needs.

Processing of Raw OD Resources (ODSE Activity 2.1)

The pre-processing implementation component pertains to the processing of raw OD
resources which involves data analysis; cleaning; quality operations on the data; and the
unification of the data, to produce output formatted for semantic enrichment. The pre-
processing OD cleaning transformation and integration are performed to improve data
quality and intelligibility capabilities so as to increase the value-adding potential of the
input data. In the Botswana case study demonstration, this component involved the

resolution of inconsistencies pertaining to NPI and value definitions, incomplete
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semantic definitions, missing values, NPI mapping inconsistencies, ambiguous values,
and value disaggregation inconsistencies. It also involved the integration of disparate
data and the harmonisation of related data from different sources.

At this stage, in addition to the processing of raw OD resources, the identification of

semantic value creation and modelling needs is executed at three levels as follows.

Identification of Semantic Publication and Consumption Needs (ODSE Activity 2.2)

At the first level, the question, what needs to be addressed, is asked so as to focus the

survey on discovering semantic consumption needs. The semantic consumption needs
pertain to OD use and reuse requirements in terms of knowledge to be derived from the
enriched output for further usage. For the Botswana case study, the identification of
semantic consumption needs involved the assessment of Vision 2036 (Pillar 1) for OD-
related support needs in the implementation of Vision 2036 (Pillar 1), in light of the
question stated above. All in all, the semantic consumption needs map the pathway to the
identification of semantic publication needs.

At the second level, the question, what needs to be done, to attend to what needs to be

addressed, is asked so as to focus the survey on discovering semantic publication needs.
The semantic publication needs relate to OD structure (syntax) and contextual
(semantics) requirements. For the Botswana case study, the identification of semantic
publication needs involved the assessment of agenda documentations and raw OD
publications, in light of the question asked above to: 1) identify OD program goals; 2)
deduct OD presentation needs from the limitations of the current raw OD publications;
and 3) identify OD representation needs for ontology modelling. All in all, the semantic

publication needs map the pathway to addressing the semantic consumption needs.

Deduction of Semantic Publication and Consumption Modelling Needs (ODSE
Activity 2.3)

At the third level, the question, how to do, what needs to be done to attend to what needs

to be addressed, is asked so as to focus the framework design on mapping how to traverse

the pathway that addresses semantic consumption needs. This calls for further analysis
of identified semantic publication and consumption needs to deduce the ODSE

Framework modelling needs, modelling measures and functionality design elements.
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9.2.3 Pre-processing Output (ODSE Component 3.0)

The pre-processing output component pertains to the deliverables of pre-processing
implementations, comprising the preliminary processed OD resources, identified
semantic publication and consumption needs and semantic publication and consumption

modelling needs.

Processed Raw OD Resources (ODSE Activity 3.1)

The pre-processing output component comprises preliminary processed OD resources
(flat text resources) representing the cleaned, transformed and consolidated data. These
resources provide input for the ODSE processing stage. For the Botswana case study
demonstration, the pre-processed output comprised collections of domain knowledge on
NPIs in flat text format (sample screenshots of datasets shown in appendix 1-4). The
contents of these resources are described in detail in Subsection 6.2.1. The pre-processing
output component also comprises identified OD semantic consumption and publication

needs discussed next.

Identified Semantic Consumption and Publication Needs (ODSE Activity 3.2)

The semantic consumption need was identified as the OD support need for vision agenda,
the need for the ODSE Framework to support the generation of knowledge resources for
the implementation of the economic aspiration of a transformation into a knowledge
society founded on a knowledge-driven economy.

The semantic publication needs were identified as: 1) the OD program need for the ODSE
Framework to support the generation of rich semantic formats for reusability of the
current OD publications; 2) the OD presentation need for the ODSE Framework to
support the implementation of standardised and unified publication structure and
format; 3) the OD representation (Ontology) need for ODSE Framework to support the
implementation of the consolidated indicator framework for the four development

agendas.

Identified Semantic Consumption and Publication Modelling Needs (ODSE Activity
3.3)

To address the consumption need, the OD support need for vision agenda, the ODSE
Framework functional design comprised the semantic enrichment pre-processing,

processing and post-processing for the creation, structuring and sharing of knowledge
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resources needed to drive a knowledge-driven economy and society. The ODSE
Framework functional design to support semantic publication needs are as follows: 1);
the OD program need for richer semantic formats was addressed by the introduction of
ontology-driven semantic enrichment processing; 2) the OD presentation need for
standardised and unified publications was addressed by the introduction of a
combination of resource reconciliation and RDFization for semantic enrichment
processing; and 3) the OD representation (ontology) need was addressed by the
development of the custom domain knowledge representation model (ontology) for the
semantic integration of the Botswana Integrated Indicator Framework, the NPIOnto.
Overall, there is a dependency relationship between the semantic value creation needs
and the development of the ODSE Framework. The identification of semantic
consumption needs drove the formulation of semantic publication needs which in turn
drove the development of the solution to the semantic consumption needs, the ODSE
Framework.

Table 9.1 summarises identified semantic publication and consumption needs and
generically outlines how they influenced the ODSE Framework modelling needs, design

measures taken to address the modelling needs and consequently, its functionality

design.
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Table 9. 1: Semantic Publication and Consumption Needs - Drivers of the ODSE Framework Design

Identified ODSE Framework ODSE Framework ODSE Framework
Needs Modelling Needs Modelling Measures Functionality Design
Open Data The ODSE Framework The ODSE framework The introduction of semantic
Support Need for need to support the modelling leverages OD enrichment pre-processing,
Vision = Agenda generation of knowledge for the generation of processing and post-
(Consumption resources for the knowledge resources to processing for the creation,
Need) implementation of the support the structuring and sharing of

economic aspiration of a implementation of the knowledge resources

transformation into a knowledge-driven

knowledge society economy and society

founded on a knowledge-

driven economy
Open Data The ODSE Framework The ODSE framework The introduction of
Program Need need to support the modelling enhances ontology-driven  semantic
(Publication generation of  rich semantic capabilities of enrichment processing
Need) semantic formats for flattextresources

reusability of the current

OD publications
Open Data The ODSE Framework The ODSE framework The introduction of a
Presentation need to support the modelling creates combination of resource
Need implementation of standard and  unified reconciliation and
(Publication standardised and unified structure and format RDFization for semantic
Need) publication structure and enrichment processing

format
Open Data The ODSE Framework The ODSE framework The development of the
Representation need to support the modelling addresses the custom domain knowledge

(Ontology) Need
(Publication

Need)

implementation of the
consolidated indicator
framework for the four

development agendas

semantic representation
and integration need for
four

the development

agendas

representation model
(ontology) for the semantic
integration of the Botswana
Integrated Indicator

Framework, the NPIOnto
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9.3 Stage 2: ODSE Processing

The ODSE processing is the intermediate ODSE Framework processing stage that pertains
to the actual implementation of the OD value (knowledge) creation. The LOD technique
was adopted in the conversion of flat text resources to a more rich, flexible and dynamic
format on the basis of relevant ontologies for increased value-adding potential. The
implementation of these transformations is organised in three ODSE processing
components being, the ODSE approach component, the data enrichment component and

the enrichment output component.

9.3.1 ODSE Approach (ODSE Component 4.0)

The ODSE approach component is the central processing component of the ODSE
Framework, the main driver of semantic value creation and assessment. The ODSE
approach component involves the selection and implementation of the semantic value
creation and assessment approach that best fits the semantic enrichment challenge at
hand as defined by the semantic publication and consumption needs (semantic value
creation needs). Semantic enrichment based on the use of a combination of generic
ontologies constitutes the generic ODSE approach while the domain ODSE approach is
based on the use of custom domain ontologies. The ODSE approach component has two

sub-processes described below.

Generic ODSE Approach

The first sub-process of the ODSE approach component outlines the method for choosing
applicable generic ontologies, thus, pertains to the generic ODSE approach (ODSE activity
4.1). The term generic ontology in the context of this framework refers to the top-
level/upper/foundational /reference ontologies, as well as any unrelated domain
ontology. These are ontologies published as online resources. The method for selecting
applicable generic ontologies introduced in Subsection 3.3.3 involves four steps outlined
below. Step 1, the analysis of source data and metadata resources for ontology search
literals (ODSE sub-activity 4.1.1), i.e., pre-processed OD resources and metadata
documentations discussed in stage 1 involves the identification and assignment of entity
field names to all data holding fields and the descriptions of data content as well. That is

followed by the refinement of entity field names to serve as keywords for online ontology
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search targets (i.e., SDG name). Lastly, is the analysis of the entity field names to extract
the online search literals (i.e.,, name). Step 2, the identification of ontology enrichment
requirements (ODSE sub-activity 4.1.2) involves the definition of the objective of ontology
enrichment needs to be addressed by ontology targets, i.e., in the Botswana case study,
for generic ontology targets, the objective was to create more global links to the NPI
domain dataset for enhanced discoverability. With NPIOnto (custom domain ontology),
the objective was to link more specific meaning to the dataset. Step 3, the search for
potential ontology targets (ODSE sub-activity 4.1.3) is conducted on the basis of the
literals identified in Step 1 and the ontology enrichment requirements identified in step
2, i.e,, below are three potential ontology targets for the literal name and the semantic
enrichment objective of enhanced discoverability:

e NCI Thesaurus OBO Edition - concept name pertains to the words or language
units by which a thing is known,

e Semanticscience Integrated Ontology - concept name pertains to a label used to
identify an entity,

e eNanoMapper Ontology - concept name pertains to the words or language units
by which a thing is known.

Step 4, the selection of suitable ontology targets (ODSE sub-activity 4.1.4) pertains to the
development of the selection criteria to serve as the basis for the selection of suitable
ontology targets. In the Botswana case study demonstration, the selection criteria was
mainly based on the following four dimensions:

e Availability - the selected ontology targets were tested to be technically available
on the Web and published according to the Linked Data best practices and
properly documented as well,

e C(overage - the selection was based on the precision of meaning and the degree of
expressivity of the ontology target property,

e (Quality - the selection was based on the structure and representation of the
ontology target. Selected ontology targets were: 1) self-descriptive; 2) labels were
provided for concepts and properties; and 3) definitions and comments on

concepts and properties were provided,
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e Value representation - the selection of ontology targets on the basis of the more
preferred semantic value creation variables — semantic structure (syntax) and
semantic meaning (semantics).

Therefore, for the literal name, option 2 (http://semanticscience.org/resource/name) was

chosen for satisfying the criteria above.

Domain ODSE Approach

The second sub-process of the ODSE approach component outlines the method for the
development of custom domain ontologies (ODSE activity 4.2), thus, pertains to the
domain ODSE approach. The term domain ontology identifies a custom domain ontology
like NPIs ontology for the development agenda domain in the case study of Botswana.
This sub-process pertained to the development of NPI ontology (NPIOnto) for semantic
representation of NPIs in the context of the Botswana development agenda domain. For
this research case demonstration, the development of the ontology followed the adapted
METHONTOLOGY approach and involved the following steps:

Step 1, the specification phase (ODSE sub-activity 4.2.1) involves the statement of the
ontology purpose in terms of goal, scope and intended use. For the Botswana case study,
the identified goal of NPIOnto was to address Botswana's OD representation needs
regarding NPI disambiguation, disaggregation, interoperability, integrability and
multidimensional analytical capabilities. The scope of NPIOnto covers the Botswana
Integrated Indicator Framework comprising the Vision Agenda, NDP Agenda,
domesticated SDG Agenda and Africa Agenda. NPIOnto is part of the ODSE Framework
demonstration in which it is the basis for the conversion of flat text OD resources to
knowledge resources. Step 2, the Knowledge acquisition phase (ODSE sub-activity 4.2.2)
pertains to the identification of ontology concepts, their characteristics and relationships
from source data and metadata resources gathered in Stage 1. The output at this stage
comprised collections of development agenda domain knowledge on NPIs in loose format
(spreadsheet) — appendix 1-4. Step 3, the conceptualisation phase (ODSE sub-activity
4.2.3) involves the design and development of ontology schema. For the Botswana
demonstration case, the deliverables comprised the conceptual models for the four
development agendas (Figures 6.1-6.4) and a consolidated conceptual model (Figure 6.5)

that integrates the four individual conceptual models on the basis of shared classes,
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object properties and data properties. Step 4, the formalisation phase (ODSE sub-activity
4.2.4) involves the codification of the consolidated knowledge model (schema) and the
population of the knowledge base with instances. For the Botswana demonstration case,
the output of the formalisation phase is the NPIOnto comprising the knowledge model
(Figure 6.6) and the knowledge base (Figure 6.11). Step 5, the evaluation phase (ODSE
sub-activity 4.2.5) involves the assessment of the effectiveness of ontologies. For the
Botswana case study, this involved the schema effectiveness design evaluation with the
use of knowledge model metrics and the knowledge base effectiveness design evaluation

with the use of knowledge base metrics.

9.3.2 Data Enrichment (ODSE Component 5.0)

The data enrichment component pertains to the conversion of flat text resources (Step 1
output) to a more rich, flexible and dynamic format for increased semantic capabilities
value-adding potential. The data enrichment component has two sub-processes, resource
reconciliation and RDFization. It creates knowledge resources through the addition of
semantic layer to flat text resources which constrains the resource metadata to
standardised vocabularies through resource reconciliation and RDFization. Resource
reconciliation establishes potentials of OD accessibility and interoperability to web
resources while resource RDFization creates the accessibility, understandability,
integrability, and intelligibility capabilities through linkages to ontological constructs,
mainly, classes and properties. The semantic enrichment approach (ODSE approach)
serves as the basis for the data enrichment implementations. The choice of either the
generic ODSE approach or the domain ODSE approach depends on the semantic
enrichment requirements - i.e., either global visibility maximisation or knowledge value
maximisation. Regardless of whichever ODSE approach is chosen, semantic enrichment
constrains the metadata of enriched resources to relevant vocabularies as described

below.

Resource Reconciliation (ODSE Activity 5.1)

The first sub-process of the data enrichment component, the resource reconciliation
pertains to the act of determining the potential for link creations by assessing the
compatibility of flat text resources to relating resources in the Web of Data. An automised

resource reconciliation process involves the online comparison of the local metadata
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values to those in controlled vocabularies to assess the extent of data accessibility and
interoperability. For the manual process, resource reconciliation is accomplished by
downloading the selected ontology targets (identified under the ODSE Component 4.0)
and uploading them to the local server environment or creating Web link addresses to
selected Web ontology targets in the local server environment (ODSE sub-activity 5.1.1).
These processes apply to both the generic and domain ODSE approaches. That is followed
by the replacement of the metadata for flat text resources with matching values in
relating web repositories/registries of selected ontology targets as reflected in Figures
7.1-7.2 (ODSE sub-activity 5.1.2). For the domain ODSE approach, the metadata is
replaced with specific domain constructs from the custom domain ontology. In both
cases, the reconciled Uniform Resource Locators provide more accurate metadata
descriptions that are standardised to controlled vocabularies in the Web of Data for ease

of OD accessibility and interoperability.

Resource RDFization (ODSE Activity 5.2)

The second sub-process of the data enrichment component, the Resource RDFization
involves the generation of the RDF representation of data (ODSE sub-activity 5.2.1). This
process involves the addition of a semantic layer to the data, preferably the ontology
layer. The ontology layer has potential for maximal semantic enrichment value resulting
from its compositional combination of both the standardised structure and context. That
is, it has complete semantic value creation features in its make-up structure. All in all, the
resource RDFization process represents the RDF-driven semantic integration which
implements the actual data mappings to controlled vocabularies. First, flat text resource
links to the Uniform Resource Locators of selected ontology targets are created on the
basis of the subject-predicate-object structure (Figures 7.3-7.4). That is followed by the
generation of triples and the final product of the mappings is the triple structure that
specifies the links between the data in the form of subject-predicate-object structure

(ODSE sub-activity 5.2.2).

9.3.3 Enrichment Output (ODSE Component 6.0)
The enrichment output component comprises the final output of the ODSE processing
stage, knowledge resources. For the generic ODSE processing, the output is the generic

knowledge resource (ODSE activity 6.1 — Figure 7.5) and the domain knowledge resource
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(ODSE activity 6.2 — Figure 7.6) for domain ODSE processing. Knowledge resources
represent the upgraded version of flat text resources to interlinked RDF data through the
LOD-driven semantic enrichment. Knowledge resources are systematically processed,
and presented in structures that support knowledge harvesting. They are comprised of
both the syntax (structural) and the semantic (contextual) capabilities needed to access,
understand, interoperate, integrate, and support intelligible operations. The syntax is
defined by the RDF structure which is in the form subject-predicate-object while the
semantics are provided by the defined ontology linkages. Thus, knowledge resources
provide contextual and conceptual clarity for more explicit expression of performance
definitions and measurements. Above that, linking the data to ontology constructs such
as classes and properties enable the application of axioms defined for those classes and
properties on the data and this is what enables knowledge resources’ support for
intelligible operations. Thus, knowledge resources are both human and machine

readable, processable and actionable as well.

9.4 Stage 3: ODSE Post-processing
The ODSE post-processing is the final stage that concludes the ODSE Framework
processing with knowledge resources structuring and deployment for publication and

consumption.

9.4.1 Knowledge Resources Structuring (ODSE Component 7.0)
The knowledge resources structuring component pertains to the categorisation and

packaging of knowledge resources for distribution and use.

Categorisation of Knowledge Resources (ODSE Activity 7.1)

The knowledge resources structuring component starts with the screening of knowledge
resources by functionality support needs (publication and consumption needs) for
packaging, followed by the creation of knowledge resource packages through triples
integration (publication and consumption packages). For the Botswana case
demonstration (Subsection 7.4.1), knowledge resources created from the SDGI data were
generated separately for each SD Goal. The knowledge resources created from the

metadata were also generated separately on the basis of performance definition
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constructs or elements per agenda. They were screened according to the adopted
semantic enrichment processing approach (ODSE approach) to draw a separation
between the products of generic ontology enrichment and NPIOnto enrichment for
assessments of the ODSE approach with OD value maximisation potential. For ease of
publication and evaluation, these files were integrated into unified knowledge resource
per ODSE approach output.

Packaging of Knowledge Resources (ODSE Activity 7.2)

The knowledge resources structuring component ends with the creation of knowledge
resource packages, both publication and consumption packages through triples
integration. Here, individual knowledge resources are consolidated into composite
resources by combining triples. The consolidation of knowledge resources is for ease of
knowledge mining/harvesting/extraction operations. For the Botswana case study, the
triples in individual knowledge resources (Figure 7.7) were unified per ODSE approach
(triples integration) into integrated knowledge resources, the integrated generic

knowledge resource and the integrated domain knowledge resource.

9.4.2 Knowledge Resources Deployment (ODSE Component 8.0)
The knowledge resources deployment component pertains to the publication or
distribution of knowledge resources, as well as, the consumption or use of knowledge

resources.

Publication of Knowledge Resources (ODSE Activity 8.1)

The knowledge resources deployment component marks the deployment stage of the ODSE
Framework processing which pertains to availing knowledge resources for use. This
involves the dumping or depositing of the publication and consumption knowledge
resource packages to knowledge mining or harvesting environments for sharing. That is,
deployment of knowledge resources for sharing. This involves making the knowledge
resources freely available in the Web of Data. The process starts with the choice of the
most suitable deployment environment for knowledge resources sharing and harvesting,
environments that enable both human and machine accessibility, understandability,
interoperability, integrability and intelligibility. Knowledge resources can be uploaded to
semantic publication libraries, query endpoints, semantic browsers and inference

engines for publication and consumption. For this research case study, the integrated
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knowledge resource packages created in the knowledge resources structuring phase

were uploaded to the SPARQL endpoint for value mining as reflected in Figure 7.8.

Consumption of Knowledge Resources (ODSE Activity 8.2)

The knowledge resources deployment component also marks the consumption stage of the
ODSE Framework processing which involves the deployment of knowledge resources for
use through knowledge mining or harvesting tools and techniques. For this research case
study, OD value (knowledge) was mined from integrated knowledge resource packages

through SPARQL queries.

9.5 The ODSE Framework Implementation Support Tool Feature

Figure 9.1 maps the ODSE Framework implementation support tools introduced in
Subsection 8.4.2 to applicable ODSE processes for reuse in ODSE Framework
implementations. These tools played a major role in driving both the development and
demonstration of the ODSE Framework and are reusable in future framework
implementations as well. The ODSE Framework implementation support tools are

categorised into the ODSE scoping models and the ODSE assessment models.

9.5.1 The ODSE Scoping Models

The ODSE scoping models are domain reference models that represent the development
agenda domain scope based on the agenda documentations and so they determine the
value to be created. The detailed discussion of the three knowledge resources reference

models follows.

Open Data Evolution Model

The first reference model is the Open Data Evolution Model (Figure 4.1), a conceptual
design artifact that represents the generic view of semantic consumption needs for
Botswana. This reference model comprises three high-level (abstract) sub-processes,
being, the raw OD evolutionary process model, the knowledge resources evolutionary
process model and the knowledge diffusion evolutionary process. Specifically, it models
the transition from OD to open knowledge centered on open knowledge
creation/recreation, structuring, sharing, use and diffusion. This model was developed to

serve as a point of reference in Botswana’s OD-driven economic transitions and
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transformations. The usability of this model goes beyond the ODSE Framework

development to future ODSE Framework implementations. That is, it is reusable in other

application scenarios that leverages on OD for knowledge creation with a diversity of

applications as a generic development agenda domain scoping tool. As reflected in Figure

9.1, the OD evolution model is applicable for reuse in the gathering of the source data and

metadata resources. It is also reusable as the domain scoping reference model for

Botswana development agendas that form the consolidated national indicator

framework. It is also reusable in applications that leverage flat text OD for knowledge

resources. To be specific, it is the candidate ODSE Framework implementation support

tool for:

ODSE activity 1.1 (collection of OD publication resources) as a generic
development agenda domain scoping tool for the assessment of the scope of OD
publication resources (raw OD resources) for collection;

ODSE activity 1.2 (collection of OD publication and consumption specification
resources) as a generic development agenda domain scoping tool for the
assessment of the scope of OD publication and consumption specification
resources to be collected;

ODSE activity 2.1 (processing of OD raw resources - the cleaning, transformation
and integration of OD) for the reconciliation of the ongoing pre-processing
transformations to resource cleaning, transformation and integration
requirements specifications; and

ODSE activity 2.2 (identification of semantic publication and consumption needs)
for:

o assessment of the scope of search for semantic publication needs. The
semantic publication scope it covers comprises OD integration needs
pertaining to capabilities for OD integration across economic and social
structures — semantic integration through vocabularies; OD enrichment
needs pertaining to capabilities for OD enrichment through vocabularies
(common representation of disparate, diversities of data); Enriched OD
storage needs pertaining to capabilities for open and integrated data

storages or knowledge repositories for the Vision Agenda; and Enriched
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OD deployment pertaining to the need for OD publication and consumption
platforms.

o assessment of the scope of search for semantic consumption needs. The
model defines the consumption needs scope in economic and social terms,
as pertaining to the need for knowledge circulation within the society
(portrayed though the OD value (knowledge) creation cycle modelling) and
the need for knowledge use and the potential resulting impact in the social
and economic spheres (portrayed through the OD value (knowledge) use
and resulting impact modelling).

e ODSE Activity 2.3 (deduction of semantic publication and consumption modelling
needs) to serve as the basis for preliminary framework conceptualisation.
More details on the Open Data Evolution Model (Figure 4.1) are presented in Section 4.2
and published in [120].

NPIOnto Scope Model

The second reference model is the NPIOnto Scope Model, a high-level conceptual and
semantic representation of the integrated NPIs and their properties for the development
agenda domain. NPIOnto embodies insights that address the domain scoping needs in the
Botswana development agenda domain applications, with a specific focus on the
Botswana Integrated Indicator Framework scope. Figure 9.2 shows how NPIOnto

integrates the four development agendas that are of interest in this study.
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Figure 9. 2: NPIOnto Scope Model
Figure 9.2 provides the backbone representation model for the consolidated indicator
framework relations for the four agendas. Each agenda has both internal and external
relations. At the top, Figure 9.2 depicts that the National Performance Indicator concept,
npi, at the core of NPIOnto is-a-superClass-of the four agenda indicators, being
Africa Agenda Indicator - afri, Sustainable Development Goal Indicator - sdgi, Vision
Indicator - visi and National Development Plan Indicator - ndpi. Class npi is related to
agenda performance and dimension. In turn, dimension is a superclass of theme -
themeDim, scope - scopeDim, development - devtDim and measurement - measDim
while performance is a superclass of Africa Agenda Indicator performance - afriPerf,
Sustainable Development Goal Indicator performance - sdgiPerf, Vision Indicator
performance - visiPerf and National Development Plan Indicator performance -
ndpiPerf.Atthe bottom, Figure 9.2 depicts that the conceptagenda i s-a-superClass-
of the four agendas: Africa Agenda - af rAgenda, Sustainable Development Goals Agenda
- sdgAgenda, Vision Agenda - visAgenda and National Development Plan Agenda -

ndpAgenda. Each agenda has relations between internal performance indicator

variables.
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For afrAgenda, the relations are as follows: 1) Africa Agenda Indicator - afri has adirect
relation to Africa Agenda Target - afrTarget; 2) afrTarget has a direct relation to
Africa Agenda Priority - afrPriority; 3) afrPriority has a direct relation to Africa
Agenda Goal - afrGoal; 4) afrGoal has a direct relation to Africa Agenda Aspiration -
afrAspiratn; 5) afrAspiratn has a direct relation to Africa Agenda Implementation
Plan - afrImpPlan; and 6) afrImpPlan is directly related to the a specific Africa Agenda
instance - afrAgenda.

For sdgAgenda, the relations are as follows: 1) Sustainable Development Goal Indicator
- sdgi has a direct relation to SDG Agenda Target - sdgTarget; 2) sdgTarget has a
direct relation to SDG Agenda Goal - sdGoal; 4) sdGoal is directly related to a specific
SDG Agenda instance - sdgAgenda.

For visAgenda, the relations are as follows: 1) Vision Agenda Indicator - visi has a
direct relation to Vision Agenda Outcome - visOutcome; 2) visOutcome has a direct
relation to Vision Agenda Pillar - visPillar; 4) visPillar is directly related to a
specific Vision Agenda instance - visAgenda.

For ndpAgenda, the relations are as follows: 1) NDP Agenda Indicator - ndpi has a direct
relation to NDP Agenda Outcome - ndpOutcome; 2) ndpOutcome has a direct relation to
NDP Agenda Theme - ndpTheme; 3) ndpTheme has a direct relation to NDP Agenda
Volume - ndpvVolume; and 4) ndpVolume is directly related to a specific NDP Agenda
instance - ndpAgenda. Lastly, agenda relations between external performance indicator
variables are as follows. Class afri maps to sdgi while sdGoal mapstovisPillar and
visi maps to ndpi.

This scoping model for NPI domain knowledge representation is one of the ODSE
Framework implementation support tools to serve as: 1) a potential ontology target for
reuse; 2) a reference model in the specification, initial structuring, conceptualisation,
formalisation, evaluation and deployment of NPI domain related applications; and 3) an
NPI domain scoping tool that provides a common understanding of the development
agenda domain. Specifically, the NPIOnto scope model is the candidate ODSE Framework

implementation support tool for:

J

PhD Thesis | Ontology-Driven Semantic Enrichment
,/'(:‘J CSIS | Framework for Maximal Creation of 201
- Department | Open Data Value



ODSE Component 4.0 with numerous applications as an assessment tool for
generic application in the choice of generic ontologies (ODSE activity 4.1) or be
used as a potential candidate for semantic enrichment ontology target and any
other reuse applications.

the development of custom domain ontologies (ODSE activity 4.2), specifically, to
serve as a reference model in the specification, initial structuring,
conceptualisation (design), formalisation (development) and deployment of
related NPI domain applications and systems.

o At the specification phase (ODSE activity 4.2.1), it is applicable as an NPI
domain scoping tool that provides a common understanding of the
development agenda domain.

o Atthe conceptualisation phase (ODSE activity 4.2.3), it is applicable as an
NPI domain scoping tool for NPIOnto conceptualisation adaptations in
similar domain applications.

o At the formalisation phase (ODSE activity 4.2.4), it is applicable as an NPI
domain scoping tool in the extraction of NPIOnto constructs (NPI concepts
and property definitions) for reuse or extension among OD publishers and

consumers.

Semantic Capabilities Relational Model

The third reference model is the semantic capabilities relational model, drawn from the

ODSE framework validation findings to represent the order of formation of semantic

value attributes for the five semantic enrichment attributes (semantic capabilities) that

of interest in this research. The framework validation findings have revealed that the five

semantic capabilities are closely linked to each other and have a dependency relationship

which directly impact on each other as depicted in Figure 9.3.

r(ﬂ-) Impact c)nwr r(+,’-) Impact onw r(+[—) Impact onw r(ﬁ-) Impact onw

Open Data Open Data Open Data Open Data Open Data
Accessibility Understandability Interoperability Integrability Intelligibility
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Figure 9. 3: Semantic Capabilities Relational Model
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Therefore, the semantic capabilities relational model is a graphic representation of
relations between OD accessibility, understandability, interoperability, integrability and
intelligibility for insights on how to factor in semantic capabilities in the design and
implementation of semantic enrichment process flows for applications that enhance
semantic capabilities. This model provides insights on semantic capabilities formation
dependencies to support holistic semantic capabilities modelling for semantic
enrichment processing applications. The interpretation of Figure 9.3 is as follows:

e The resource accessibility capability precedes the understandability capability,
thus, implying that OD inaccessibility hampers its understandability;

e The combination of resource accessibility and understandability capabilities, in
turn, determine the interoperability capability, thus, implying that limitations in
the accessibility and understandability capabilities lead to limitations of
communication between raw OD resources;

e The combination of resource accessibility, understandability, and interoperability
capabilities determine OD integrability capability, thus, implying that inaccessible,
ambiguous, and interoperable data compromises its interlinking capability; and

e The combination of accessibility, understandability, interoperability, and
integrability capabilities, in turn, drive intelligible operations. Above that,
featuring in the knowledge resource modelling in Figure 9.3 into this analysis,
reveals that, the wider is the linkages across the Web of Data, the stronger is the
support for intelligent operations, and vice versa. In totality, the degree of
semantic richness impacts on the degree of access to the data. That in turn
determines the degree of OD understandability, interoperability, integrability, and
intelligibility, and that has corresponding impact on the knowledge extraction
potential.

As reflected in Figure 9.1, the semantic capabilities relational model is a candidate ODSE
Framework implementation support tool for the data enrichment component (ODSE
Component 5.0). As the ODSE Framework is centred on semantic capabilities
enhancement, this semantic value assessment model is handy in the implementation of

the data enrichment component, specifically, in the assessment of how to factor in
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semantic capabilities in the design and implementation of semantic enrichment process

flows for applications that enhance semantic capabilities.

9.5.2 The ODSE Assessment Models
In the context of this research, semantic value refers to knowledge. Ontology enriched
open data resources are the embodiment of knowledge, hence, knowledge resources. The
ODSE assessment models are semantic valuation models that qualitatively rate semantic
value of ontology enriched open data resources (knowledge resources) for embodied
knowledge, the product of semantic value creation or recreation implementation. The
qualitative rating schemes, expressed in terms of relationships between different entities
in the development agenda domain, were drawn on the basis of the preliminary ODSE
Framework validation findings (Section 8.3). Semantic valuation in the context of this
research is the relationship between the semantic attribute variable and the semantic
value measure. The semantic value measure is a qualitative measure (i.e., minimum,
moderate and maximum) for the semantic attribute variable that determines the degree
of embodied knowledge and semantic capabilities (i.e., accessibility, understandability,
interoperability, integrability and intelligibility) formation for knowledge resources. The
semantic attribute variable is also the semantic impact assessment variable and the
semantic impact adjusting variable. It can be enhanced through the addition of the syntax
and semantic layer to flat text resources to achieve the semantic impact value per specific
ontology enrichment requirement for a given semantic value creation need. In this
regard, semantic value assessment tools enable the determination of semantic value
creation. Therefore, the semantic value assessment tools are information-driven tools for
informed adjustments to the semantic value variable from four different dimensions -
semantic enrichment, richness, mining and usability dimensions. The design of the tools
was according to the Semantic Valuation Tools Development Method (RM8) outlined in the
methodology Subsection 3.3.5 and the design of the models was guided by the following
overarching question:

What are candidate models for assessment of the degree of semantic value for a

given knowledge resource?
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As semantic value creation potential is determined by the degree of semantic enrichment,
richness and mining capabilities, this overarching question was broken down into the
following sub-questions (SQs):
e SQ1: What is the candidate model for assessment of the degree of semantic
enrichment impact on semantic value for a given knowledge resource?
e  SQ2:Whatis the candidate model for assessment of the degree of semantic richness
impact on semantic value for a given knowledge resource?
e  SQ3: What is the candidate model for assessment of the degree of semantic mining
impact on semantic value for a given knowledge resource?

The detailed discussion of the three knowledge resources evaluation models follows

Semantic Enrichment Assessment Model
The first assessment model, the semantic enrichment assessment model (Figure 9.4),
answers the first evaluation question (EQ1):

What is the candidate model for assessment of the degree of semantic enrichment

impact on semantic value for a given knowledge resource?
The demonstrations have revealed that the degree of semantic enrichment impact on
semantic value measure for a given knowledge resource depends on the ODSE approach
used in the semantic enrichment processing. To start with, the ODSE processing is
founded on ODSE approaches. The ODSE approach identifies the type of ontology for
semantic enrichment and that differs according to the ontology scope. The generic ODSE
approach makes use of generic ontologies with global linkage coverage for global
visibility while the domain ODSE approach makes use of custom domain ontologies with
richer expressiveness for richer semantic enrichment value. The two ODSE approaches
have different degrees in semantic enrichment effectiveness and in the knowledge
potential depending on the domain specification capability. The domain ODSE approach,
due to its detailed and in-depth domain modelling, has been proved to have the highest
knowledge creation potential, consequently, culminating in the maximisation of
knowledge harvesting potential. This is best summarised by the Semantic Enrichment

Assessment Model depicted in Figure 9.4.
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Figure 9. 4: Semantic Enrichment Assessment Model

Figure 9.4 represents knowledge creation capabilities per semantic enrichment

approach, specifically, how the ODSE processing based on a given type of ODSE approach

is likely to impact on the resulting knowledge resource. It further explores how the type

of knowledge resource is likely to impact on the degree of

semantic enrichment

effectiveness, as well as, the degree of semantic value (knowledge) creation potential

demonstrated by the resource’s degree of enriched semantic capabilities (accessibility,

understandability, interoperability, integrability and intelligibility capabilities). The

interpretation of Figure 9.4 is as follows:

e The non-enriched raw OD resources offer knowledge creation potential that

ranges from minimum to moderate levels , determined by the resource’s degree

of semantic capabilities;

e The generic ODSE approach to semantic enrichment processing produces generic

knowledge resources offers knowledge creation potential that ranges from

moderate to maximum levels, determined by the resource’s degree of semantic

capabilities; and
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e The domain ODSE approach to semantic enrichment processing produces domain
knowledge resources with the differing degrees of maximum levels of knowledge
creation potential, determined by the resource’s degree of semantic capabilities.

The model depicts the kind of semantic enrichment suitable for global visibility
maximisation and the one more suitable for knowledge harvesting maximisation.
However, the choice of the ODSE approach for semantic enrichment processing is
determined by the semantic enrichment intent. If the intent is to enhance semantic
richness regardless of Web visibility, then the domain ODSE approach is most applicable
but if it to enhance Web visibility regardless of semantic richness, then the generic ODSE
approach is the best fit. Lastly, the two approaches can be combined to enhance semantic
richness and Web visibility at the same time.

As reflected in Figure 9.1, the semantic enrichment assessment model is one of the
candidate semantic valuation tools for ODSE Activity 7.1 (sorting of knowledge resources
for packaging) applicable as a semantic value assessment tool for knowledge resources
in four dimensions:

e in the assessment of the impact of a given ODSE approach on the resulting
knowledge resources;

¢ in the assessment of the semantic capabilities value-added to a given knowledge
resource;

e in the assessment of the OD value (knowledge) creation potential of a given
knowledge resource, demonstrated by the resource’s degree of enriched semantic
capabilities and;

e to guide the knowledge resources classification for consumption and publication.

Semantic Richness Assessment Model
The second assessment model, the semantic richness assessment model (Figure 9.5),
answers the second evaluation question (EQ2):
What is the candidate model for assessment of the degree of semantic richness
impact on semantic value for a given knowledge resource?
The semantic enrichment demonstrations also proved that describing the data by means

of ontologies increases knowledge creation capabilities as illustrated by Figure 9.5.
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Figure 9. 5: Semantic Richness Assessment Model

Figure 9.5 represents knowledge creation capabilities per knowledge resource. This
model maps the potential impact of OD publication format on OD consumption
capabilities. It gives insights on how the combination of OD resource publication
structure (syntax/form) and context (semantics/meaning) impacts on the richness of
semantic meaning and potential semantic value (created knowledge), and consequently,
OD resource use (consumption) and, in overall, semantic value (knowledge) creation
potential. The interpretation of Figure 9.5 is as follows:

e Raw OD resources, with minimum to moderate levels of semantic richness have
low knowledge creation capabilities resulting from flat text structure and context
that supports human consumption only;

e Generic knowledge resources, with moderate to maximum levels of semantic
richness have high knowledge creation capabilities resulting from semantic
structure and context that supports both human and machine consumption; and

e Domain knowledge resources, with the different degrees of maximum levels of

semantic richness have the highest knowledge creation capabilities resulting from
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semantic structure and context that supports both human and machine

consumption.
Figure 9.5 shows that OD value (knowledge) appreciates with an increase in the richness
of semantic meaning, and vice versa. The richness of semantic meaning results from the
added semantic structure (syntax) and context (semantics) to raw OD that impact on
semantic value (knowledge) mining/harvesting/extraction mode or type. Rich semantic
formats maximise the semantic value (knowledge) mining by supporting both human and
machine extraction capabilities. Moreover, the OD resource structure and context are
determined by the type of OD resource. The OD resources with high value are presented
in semantic format, the products of semantic enrichment processing.
Drawn from this graphical model are five potential applications. First is the knowledge
resource grading/rating application drawn from the relation between the semantic
attribute variable and the knowledge resource variable. This application involves the
assignment of rates to semantic richness attributes for a given type of knowledge
resource. Second is the resource selection application drawn from the relation between
the knowledge resource, semantic richness attribute and the knowledge creation
dependent variables. The application pertains to the selection of knowledge resources
with appropriate semantic richness attributes for a given target of semantic value
(knowledge) creation rating. Third is the resource selection application drawn from the
relations between the knowledge resource, semantic richness attribute and the semantic
attribute measure variables. This application involves the selection of knowledge
resources with appropriate semantic richness attributes for a given target of semantic
richness effectiveness rating. Fourth is the resource evaluation application drawn from
the relation between the semantic attribute measure variable and the knowledge
resource variable. The application pertains to the evaluation of the degree of
effectiveness of semantic richness for a given type of knowledge resource. Last, is the
resource evaluation application drawn from the relation between the knowledge creation
dependent variable and the knowledge resource variable. This application involves the
evaluation of the degree of semantic value (knowledge) creation potential for a given type
of knowledge resource. For all potential semantic richness applications, semantic values

are expressed in terms of the minimum, moderate and maximum rating scale.
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As reflected in Figure 9.1, the semantic richness assessment model is the candidate ODSE
Framework implementation support tool for:

e ODSE Activity 7.1 (sorting of knowledge resources for packaging) applicable in the
assessment of how the semantic richness of a given resource is likely to determine
its knowledge creation capabilities and to guide the knowledge resources
classification for consumption and publication; and

e ODSE Activity 8.2 (knowledge resources consumption/use) applicable at the
knowledge resources deployment stage to guide the execution of knowledge
resources consumption/use/harvesting operations. Specifically, it is applicable
for:

o pre-consumption assessment of potential semantic value of a given
knowledge resources

o the assessment of how the semantic richness of a given OD knowledge
resource is likely to influence/determine its knowledge creation
capabilities,

o the assessment of the appropriate knowledge harvesting tool for a given

level of semantic richness of a knowledge resource.

Semantic Mining Assessment Model
The third assessment model, the semantic mining assessment model (Figure 9.6), answers
the third evaluation question (EQ3):
What is the candidate model for assessment of the degree of semantic mining impact
on semantic value for a given knowledge resource?
The other insight from the overall framework validation findings pertains to OD value
(Knowledge) mining potential. The comparison of the knowledge mining potential for flat
text resources to that of knowledge resources revealed that the mining potential depends
on the semantic richness. In addition, the comparisons revealed that semantic richness of
the domain knowledge resource highly impacts on the knowledge mining capabilities.
The Assessment Model for Open Data Resource Mining Capabilities illustrating the link
between the type of OD resource and the knowledge mining potential is shown in Figure

9.6.
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Figure 9. 6: Semantic Mining Assessment Model

Figure 9.6 represents OD resource mining capabilities per knowledge resource. The

model gives insights on how the attributes of a given type of an OD resource is likely to

impact on the degree of the knowledge mining/extraction/harvesting potential. This tool

enables a balanced assessment of the key dimensional variables (data access, link

structure, link coverage and knowledge coverage) of a given knowledge resource (that

represent qualities to be embedded on the data through semantic enrichment processing

so as to enhance the knowledge mining potential) to determine its knowledge mining

capabilities. The interpretation of Figure 9.6 is as follows:

e For raw OD (flat text resources) access to the resources is most suitable to

humans. The link structure and coverage are limited to hyperlinks. Therefore, the

knowledge coverage is shallow. Flat text resources provide the different degrees

of minimum levels of knowledge mining potential;

e For generic knowledge resources, access to the resources is suitable to both

humans and machines. The RDF structure supports flexible knowledge mining
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operations. However, the knowledge coverage is shallow due to the shallow
coverage of the knowledge domain. Thus, generic knowledge resources provide
the moderate level of knowledge mining potential; and
e For domain knowledge resources, access to resources is also suitable to both
humans and machines and the flexible RDF structure supports flexible knowledge
mining operations. The knowledge coverage is deep due to the in-depth coverage
of the knowledge domain. Thus, domain knowledge resources provide the
maximal level of knowledge mining potential.
Overall, the Semantic Mining Assessment Model for Open Data Resource Mining Capabilities
is one of the ODSE Framework implementation support tools has numerous applications.
It is applicable in the choice of ontology targets or in developments of new ontology
targets, specifically, in the assessment of the ontology approach that best fits specific
knowledge mining needs. It is reusable as an assessment tool in the: 1) selection of the
ontology approach that best fits specific knowledge mining needs; 2) identification and
specification of ontology enrichment requirements to support the production of
knowledge resources that meet the knowledge mining results; and 3) selection of
ontology targets for a given knowledge mining operation.
Drawn from this graphical model are five potential applications. First is the knowledge
resource grading/rating application drawn from the relation between the semantic
attribute variable and the knowledge resource variable. This application pertains to the
assignment of rates to semantic mining attributes for a given type of knowledge resource.
Second is the resource selection application drawn from the relation between the
knowledge resource, semantic mining attribute and the knowledge creation dependent
variables. This application involves the selection of knowledge resources with
appropriate semantic mining attributes for a given target of semantic value (knowledge)
creation measure. Third is the resource selection application drawn from the relation
between the knowledge resource, semantic attribute and the semantic attribute measure
variables. The application pertains to the selection of knowledge resources with
appropriate semantic mining attributes for a given target of semantic mining
effectiveness rating. Fourth is the resource evaluation application drawn from the

relation between the semantic attribute measure variable and the knowledge resource
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variable. This application involves the evaluation of the degree of effectiveness of

semantic mining for a given type of knowledge resource. Fifth is the resource evaluation

application drawn from the relation between the knowledge creation dependent variable

and the knowledge resource variable. The application pertains to the evaluation of the

degree of semantic value (knowledge) creation potential for a given type of knowledge

resource. For all potential semantic mining applications, semantic value measures are

expressed in terms of the minimum, moderate and maximum rating scale.

As reflected in Figure 9.1, the semantic mining assessment model is the candidate ODSE

Framework implementation support tool for ODSE Component 4.0 with numerous

applications:

Generic application in the selection of the semantic enrichment approach (ODSE
Component 4.0) that best fits the knowledge mining needs under consideration.
This tool enables a balanced assessment of the key dimensional variables (data
access, link structure, link coverage and knowledge coverage) of a given
knowledge resource (that represent qualities to be embedded on the data through
semantic enrichment processing so as to enhance the knowledge mining
potential) to determine its knowledge mining capabilities.

identification of ontology enrichment requirements (ODSE activity 4.1.2). Its
assessment capabilities that supports the specification of semantic enrichment
output (semantic resources) in terms of semantic qualities (data access, link
structure, link coverage and knowledge coverage) that determine the knowledge
mining potential, makes it handy in the identification and specification of ontology
enrichment requirements to support the production of knowledge resources that
meet the knowledge mining results.

the selection of suitable ontology targets (ODSE activity 4.1.4), specifically, to
serve as an assessment tool in the choice of ontology targets for a given knowledge
mining operation. It gives insights on the potential impact of a given OD resource
type (resource types differ in terms of the level of data access, link structure, link
coverage and knowledge coverage) on OD value (knowledge) mining operations.
Therefore, this model adds the fifth dimension of value extraction to the four

described above (availability, coverage, quality and value representation). Value
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extraction capabilities in a value-driven semantic enrichment solution becomes
the basis for framework effectiveness evaluations.

e Potential application in the ontology specification phase of the custom ontology
development process (ODSE activity 4.2.1) as an assessment tool in the
identification and specification of ontology enrichment requirements to support

the production of knowledge resources that meet the knowledge mining results.

Semantic Usability Assessment Model

The fourth assessment model, the semantic usability assessment model is a graphical
representation of the qualitative matrix in the form of a 5-point rating scheme of OD
publication and consumption effectiveness ratings derived from a combination of the
semantic enrichment, richness and mining attributes and the Tim Berners Lee’s 5-Star
Scheme for Linked Data detailed in the methodology chapter (Subsection 3.3.4 - Table 3.1
and Figure 3.2). As reflected in Figure 9.1, these two are the ODSE Framework support
tools for the overall assessment of the degree of semantic capabilities enrichment impact
on semantic publication and consumption, specifically, for implementation of:

e ODSE activity 2.1 (processing of raw OD resources) for the assessment of the ODSE
pre-processing input’s publication and consumption effectiveness based on
resources’ semantic attributes;

e ODSE Activity 3.1 (processed raw OD resources) for the assessment of the
publication and consumption effectiveness of pre-processed OD resources;

e ODSE Component 6.0 (enrichment output component) for assessment of the
publication and consumption effectiveness of knowledge resources;

e ODSE Activity 7.1 (sorting of knowledge resources for packaging) applicable in the
process of sorting knowledge resources for publication and consumption

packaging.

In overall, the ODSE assessment models are qualitative tools for assessment of semantic
value-adding potential as well as semantic value-added potential of knowledge resources
re-created through semantic value creation implementations for semantic value
capabilities and usability effectiveness. They draw potential relationships between
different entities in the development agenda domain based on the demonstration and

evaluation findings. The main purpose of the ODSE assessment models is to aid semantic
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enrichment decision making for OD consumers with the need for semantically richer
formats on the most applicable semantic value creation approach to adopt from four
dimensions - semantic enrichment, semantic richness, semantic mining and semantic
usability, so as to yield desired semantic value measure for a given type of knowledge

resource.

9.6 Conclusion

This research proposes the semantic enrichment solution, the ODSE Framework, which
is a composite of ODSE stages, ODSE processes, ODSE components, ODSE main activities,
ODSE sub-activities, ODSE approaches, ODSE scoping models and ODSE assessment
models. Following is a description of how all these parts fit together into one holistic
conceptual artifact, the ODSE Framework.

First, are ODSE sub-activities that represent the lowest granularity of the ODSE
processing, i.e., ODSE sub-activity 4.2.1. The ODSE sub-activities are implementing the
ODSE main activities that represent tasks that can be broken down into other smaller
tasks, i.e., ODSE activity 4.2. The ODSE main activities are grouped according to
functionality into a single and unique component, the ODSE component, i.e., the input
component (component 1.0) is a grouping of all input activities. Components can further
be grouped together into different functionalities that implements unique ODSE
processing, i.e.,, components 7.0 and 8.0, though having unique activities, all pertains to
semantic enrichment post-processing, thus, belong to ODSE post-processing. The
different ODSE processes are related through the implementation stage definition, ODSE
stage 1 identified the first implementation process. The implementation of the ODSE
processes are according to a chosen semantic enrichment approach. In addition, the
implementation of ODSE processes are supported by the ODSE Framework
implementation support tools, the ODSE scoping models and the ODSE assessment
models. Moreover, the semantic value creation process is driven by semantic value
creation needs that pertain to semantic consumption and publication needs. For instance,
for the Botswana case study, the semantic consumption need pertains to OD support for
Botswana'’s national agenda (Vision 2036 - Pillar 1), specifically, leveraging OD for the

creation of knowledge resources to drive the transition from Botswana’s dependence on
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natural resources-driven economy to a knowledge resources-driven economy. This
semantic consumption need is the building block for semantic publication needs.
Semantic publication needs for the semantic enrichment framework pertain to: 1) OD
program need for the re-usability of the current OD publications which prompts for
enhancement of semantic capabilities; 2) OD presentation need for unified OD
publications; and 3) OD representation (ontology) need for standardised publications
and for the implementation of the Botswana Integrated Indicator Framework.

The semantic enrichment elements described above have a threefold functional focus.
Some are focused on semantic value creation, others on semantic value creation
maximisation and others on semantic valuation. These three functional divisions
represent the three ODSE Framework pillars.

Lastly, the ODSE Framework combines all the semantic enrichment elements described
above into one solution that maps the pathway toward addressing the quest for semantic
enrichment frameworks with potential for semantic value (knowledge) creation
maximisation. Overall, the ODSE framework is a template for more specific applications

in future implementations that adopt or adapt it while its support tools are to aid its

implementations.
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CHAPTER TEN: RESEARCH CONCLUSIONS,
RECOMMENDATIONS, FUTURE WORKS AND PUBLICATIONS

10.1 Conclusion
This dissertation concludes with an answer to the introductory, main research question
stated in Section 1.1, formulated as:
What semantic enrichment framework could best support the implementation of
semantic publication and consumption of OD with potential for OD value
(knowledge) creation maximisation?
This research question ignited a quest to discover the functional design/architectural
pillars of semantic enrichment frameworks with potential for semantic value
(knowledge) creation maximisation. Semantic enrichment frameworks reviewed for an
answer to this question (Section 1.2 and Subsection 2.5.6) were found to fully address the
semantic value creation aspect of the main research question but limited in advancing the
mechanism to enable facilitation and evaluation of the degree of semantic value creation
capability of semantic value creation output (knowledge resources), i.e., whether
minimum, moderate or maximum semantic value creation capabilities. So, the Ontology-
Driven Semantic Enrichment Framework for Maximal Creation of Open Data Value (ODSE
Framework) was created as an attempt to address this research gap by advancing the
mechanism for the facilitation and evaluation of the degree of semantic value creation
capability of knowledge resources. In this regard, the answer this research provides is:
The semantic enrichment framework that could best support the implementation of
semantic publication and consumption of OD with semantic value maximisation
potential is one where the pillar of semantic value creation processing is founded on
the pillar of semantic value creation approach with potential for semantic value
creation maximisation and supported by the pillar of semantic valuation.
The first ODSE Framework pillar, semantic value creation processing as reflected in
Figure 9.1, starts with the identification of semantic value creation needs, modelled by
ODSE Components 1.0-3.0. That is followed by the creation of semantic value though the
addition of both the syntax and semantic layers and knowledge resources processing,

modelled by ODSE Components 4.0-6.0. This pertains to the conversion of static, flat text
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OD resources that are inaccessible, un-understandable, un-interoperable, un-integrable
and un-intelligible to dynamic, open knowledge resources that are accessible,
understandable, interoperable, integrable and intelligible. That is followed by the
structuring of knowledge resources, implemented by Component 7.0. Lastly is the
deployment of knowledge resources for sharing and knowledge mining/harvesting
operations, implemented by component 8.0 and demonstrated in Section 7.4.2.

For the second ODSE Framework pillar, the semantic value creation maximisation
approach, the semantic value creation process outlined above is driven by a combination
of two semantic enrichment approaches with knowledge creation maximisation potential
with cascading effects on resource mining and reusability potential. The domain ODSE
approach maximises semantic attributes for improved resource capabilities
demonstrated by NPIOnto’s production of more specific and rich semantic enrichment
results due to its specific/precise meanings and rich semantics (Figure 7.4). The generic
ODSE approach maximises Web interoperability for improved resource visibility in the
Web of Data (Figure 7.3). These capabilities were also demonstrated through resource
reconciliation process in which the generic ontology (SDGIO) yielded only three matching
global values (Figure 7.1) while the domain ontology (NPIOnto) with more domain
specific terms, extended the reconciliation scope to seven values (Figure 7.2).

The third ODSE Framework pillar, the semantic valuation is implemented through
semantic value assessment tools. Though this research addresses OD value, there is lack
of semantic valuation models. In this regard, semantic valuation is an important ODSE
Framework pillar that fits into this gap. So, semantic value assessment models were
factored into the framework design as ODSE Framework implementation support tools.
As depicted in Figure 9.1, the ODSE Framework has extended the semantic value creation
focus of reviewed semantic enrichment frameworks by featuring in semantic value
assessment into the syntax and semantics added layers to enable the assessment of the
effectiveness of these two added enrichment layers. This enables informed decisions in
effecting any changes that adjust both semantic publication and consumption
capabilities. Moreover, as knowledge resources constitute digital economic investment
resources/goods/assets with unlimited economic value that have lured the attention of

global governments to shift their investments to, digital asset/resource/good value
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determination becomes a critical investment factor. So, there must be a way for investors
to determine the following: the semantic value measure to get for their knowledge
resources investments; the expected output production capacity and value for their
knowledge resources investments; and in overall, be able to qualitatively estimate the
profitability of their knowledge resources investments in terms of knowledge use
capabilities. All these pertain to semantic valuation of knowledge resources (knowledge

resources quality measure) measured in terms of use impact.

10.2 Recommendations

The first recommendation pertains to the establishment of the public knowledge
resource pool. As knowledge economies and societies thrive on shared knowledge,
Botswana has to adopt an open approach to knowledge that would be core to the
establishment, operational, maintenance and sustenance of the aspired economic and
societal knowledge transformation and transitioning. Therefore, the creation of OD-
based knowledge resources necessitates the establishment of a nationwide knowledge
plant/mining environment in the form of a knowledge resources consolidation hub for
government, economic, environment and social sectors. This research proposes that for
sustainable, inclusive knowledge creation, publication, harvesting and sharing,
knowledge resources/goods be scaled up into LOD platforms, interlinked knowledge
bases that contain individuals and statements about them (triple-stores) to constitute the
public knowledge resource pool, a nationwide knowledge plant in the form of web-based
portal/platform for nationwide knowledge resources publication and consumption. In
this case, then, knowledge resources would be deployed to this central processing hub.
The public knowledge resource pool has numerous potential tangible benefits. It will
serve as a digital economic and social power hub within the global Web of Data so as to
facilitate free, unlimited and unending data access to the general public. As a result, an
economy based on the sharing and diffusion of knowledge provides an opportunity for
governments to increase the well-being of their people. As knowledge resources’ value
appreciates with use, the wider the linkages, the deeper the semantics and the greater
the semantic value measure. So, the greater the social participation in the economy, the

greater the asset value. Consequently, the attainment of the key economic aspiration of
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sustainable development - open, knowledge-driven, adaptive, and inclusive development,
as well as, continuous growth in development. So, the public knowledge resource pool
would serve as an unlimited engine for powering and sustaining the needs of the evolving
future knowledge-driven economy and society in an open market environment where
knowledge drives open innovation, business, and entrepreneurship creations/re-
creations. Such an environment and platform would make it easy for developers and
consumers to search, access, use, download and share knowledge resources of interest.
It would also maximise the knowledge creation, mining and use potential as a result of
the flexible data format and presentation structure (RDF). As the triples in the Web of
Data can be connected to any other and there is no limit in access points for as long as
there are similarities in either the subject, predicate or object. The public knowledge
resource pool would also relieve consumers from the extensive and costly task of
preliminary discovery and preparation of data. Moreover, it makes it easier to analyse
and derive hidden insights in the integrated relationships and to manipulate data across
all the consolidated resources. Moreover, for maximal effect, it must be built on the
foundation of domain specific knowledge models like NPIOnto to enable the integration
of both historical and current OD publications so as to expand the OD intelligibility
capabilities to support trend analysis which is critical in strategic decision making and
planning within the development agenda domain.

Despite this OD potential, both the Vision Agenda and NDP Agenda are silent on the
potential of harnessing OD in the implementation, monitoring and evaluation of the
development agendas. Therefore, this research recommends the next national
development agendas to be explicit on the OD position and potential contribution to
national agenda implementations.

The second recommendation pertains to OD representation needs. NPIOnto constrains
the interlinked web resources to the development agenda domain vocabulary, specific to
the consolidated indicator framework for agendas of interest in this case study.
Specifically, NPIOnto is used in the reconciliation of text to web resources and the
resource RDFization to enhance semantic capabilities with the aim of maximising the
creation and use of knowledge resources. NPIOnto will serve as the foundation for the

development of web applications and knowledge bases in the development agenda

- ‘7 PhD Thesis | Ontology-Driven Semantic Enrichment
’/,(/:/‘ CSIS | Framework for Maximal Creation of 220
- Department | Open Data Value



domain. Furthermore, it can be used as a common reference model in the development
of semantic web applications in order to improve communication, interoperability and
automation of NPIs. Specifically, it can be used as a reference body of domain knowledge
for the generation, integration, sharing and management of NPIs for Botswana'’s national,
regional and global development agendas. It can also be implemented to serve as the basis
for the design, development and management of NPI-based management, distribution,
monitoring and evaluation systems for enhanced economic and social impact. However,
despite these valuable NPIOnto potential, the evaluations of NPIOnto knowledge base,
specifically, the Average Population and Class Richness revealed the different dimensions
of insufficient instances for the class population. This limitation prompts a need for
Botswana to improve on the quantity of statistics. The need for comprehensive data
availability and quality has also been raised in the NDP Agenda which states that, “It is
therefore necessary to improve on the quality of data collection, management, use, and
dissemination at all levels [7].” Above that, the disintegration of NPIs at both the macro
and micro level is also an issue of concern raised in the NDP Agenda. This poses a need
for more specific mappings for Botswana national agendas. The domesticated SDG
Agenda mappings to Vision Agenda are generically defined, and the domesticated SDGs
are mapped to Vision Pillars. The challenge with implementing these generic mappings is
that they have numerous performance measures associated with them. So, these
mappings must be expressed at the lowest level of granularity for clarity in data
representation. The mapping for Vision Agenda to NDP Agenda also needs to be clearly

specified.

10.3 Future Mapping

The ODSE Framework is an application template which provides a generic view of the
basic functions of semantic enrichment for knowledge creation maximisation in the
development agenda domain. Thus, it can be customised to the needs of more specific
value-based semantic enrichment applications that address specific semantic publication
and consumption needs in the development agenda domain. Therefore, further
researches in the development agenda domain are needed to either contribute to the

improvement of this generic framework or to customise it to the needs of more specific
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applications for other developing countries. In addition, researches are needed to extend
the NPIOnto model beyond its current scope of the Botswana Integrated Indicator
Framework. Above that, further research works are needed to evolve the ODSE
Framework implementation support tools, especially the ODSE assessment models to
address the current lack of OD valuation models. Moreover, the focus of the
demonstrations were on semantic value creation, structuring and deployment for sharing
and mining. This covers the open knowledge creation, structuring and sharing stages of
the Open Data Evolution Model in Figure 4.1. The part remaining is putting the created
semantic value into innovative and practical use. Thus, the use of resulting semantic value
is yet to be determined in future studies. The last process in Figure 4.1, the knowledge
diffusion evolutionary process, is a long term outcome that will be determined by the

level of national commitment to the OD mandate.

10.4 Publications and Collaborations

This research involved numerous collaborations and publications as follows:

1) The Open Data to Open Knowledge evolution model that defined a roadmap for the
development of the ODSE Framework was presented at the International Data
Week 2018 (IDW 2018) held in Gaborone, Botswana from the 5t to the 8t of
November 2018. The output of this participation is a paper entitled, Open Data for
Sustainable Development on a Knowledge-based Economy: The Case of Botswana
which is published in the Data Science Journal [120],

2) The preliminary ODSE Framework was presented at IST-Africa 2019 conference
held in Nairobi, Kenya from the 8th to the 10th of May 2019. The output of this
participation is a paper entitled, Ontology-Driven Semantic Enrichment Framework
for Value Maximisation: The Case of National Performance Indicators for Botswana
which is part of the IST-Africa 2019 Conference Proceedings published in IEEE
Xplore [119], and

3) The conceptual model of the domain (NPI) ontology (NPIOnto) was presented at
the Next Generation Computing Applications 2019 (NextComp 2019) conference
held in Mauritius from the 19t to the 21st of September 2019. The output of this

participation is a paper entitled, A Lightweight Version of National Performance
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Indicator Ontology (NPIOnto) which is part of the NextComp 2019 Conference
Proceedings published in IEEE Xplore [129].
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APPENDICES

Appendix 1: Africa Agenda Datasets Screenshots

Table AFR 1: Africa Agenda Indicator Dataset Screenshot

A B C D E F G H | J
””'9“9 Indicator Code Indicator Name Indicator Description Formula of Measure Disaggregation Factors Data Collctn Target Relation Sdet R
1 Indicator Freq Mapping
Gross National Income (GNI) Gross Domestic Product (GDP)
2 2023 11 Al1-G1-P1-T1-I1 Indicator 1 of 2023 implem per capita +Net Income US Dollars rural/urban annual Al-G1-P1-T1 8.1.1
Age, sex (m/f),
3202312 Al-G1-P1-12 Indicator 2 of 2023 implem Unemployment rate unemployed/labour force person(s) vulnerability (disabled, annual 8.5.2
underweight/total No. of
Prevalence of underweight children who were
4 1202313 A1-G1-P2-T6-13 Indicator 3 of 2023 implem among children under 5 weighted*100 percentage Sex: Male, Female annual, 3-5 yr A1-G1-P2-T6 221
No. of people who use an
% of population with accessto  improved water source/total
5 2023_14 Al1-G1-P2-T4-14 Indicator 4 of 2023_impPlaisafe drinking water urban or rural population®100 percentage urban/rural annual, 3-5 yr A1-G1-P2-T4 6.1.1
Total No. of households that
could be connected to the
% of household with accessto  national electricity grid/total
6 202315 Al-G1-T4-I5 Indicator 5 of 2023_impPlal electricity number of households*100  percentage urban/rural annual 7.11
Households connected to
national electricity grid/total
7 (202316 Al1-G1-P4-T8-16 Indicator 6 of 2023_impPlai % of household using electricity No. of households*100 percentage urban/rural annual Al-G1-P4-T8
Population which can access
% of population with access to  Internet/total eligible Age, sex (m/f), rural/urban,
8 (202317 A1-G1-T4-17 Indicator 7 of 2023_impPlaithe internet population*100 percentage frequency of use annual
agenda impPlan aspiration goal priority target [l b
READY e I -——§F—+ 10
Table AFR 2: Africa Agenda Target Dataset Screenshot
A B C D E
1 |unique Target TargetCode Target Name Target Description Priority Relation
2 |2023_A1-G1-P1-T1 A1-G1-P1-T1 target 1 under priority area 1 of goal 1 for aspiration 1 of 2023 implem Increase 2013 per capita income by at least 30% Al-G1-P1
3 |2023_A1-G1-P1-T2 A1-G1-P1-T2 target 2 under priority area 1 of goal 1 for aspiration 1 of 2023 implem Reduce 2013 unemployment rate by at least 25% Al-G1-P1
4 |2023_A1-G1-P1-T3 Al1-G1-P1-T3 target 3 underp! area 1 of goal 1 for aspiration 1 of 2023 implem Reduce youth and women unemployment rate by 2% per annum Al-G1-P1
5 |2023_A1-G1-P1-T4 Al-G1-P1-T4 target4 under priority area 1 of goal 1 for aspiration 1 of 2023 implem Reduce 2013 unemployment rate for vulnerable groups by at least 25% A1-G1-P1
Reduce (Improve) the 2013 Gini coefficient by at least 20%. Reduce income inequality
6 12023 _A1-G1-P2-T5 A1-G1-P2-T5 target5 under priority area 2 of goal 1 for aspiration 1 of 2023 implem by at least 20% Al-G1-P2
7 |2023_A1-G1-P2-T6 A1-G1-P2-T6 target 6 under priority area 2 of goal 1 for aspiration 1 of 2023 implem Reduce stunting in children to 10% and underweight to 5% A1-G1-P2
Reduce 2013 level of proportion of the population without access to safe drinking water
8 12023_A1-G1-P2-T7 A1-G1-P2-T7 target 7 under priority area 2 of goal 1 for aspiration 1 of 2023 implem by 95%. Al-G1-P2
9 |2023_A1-G1-P4-T8 A1-G1-P4A-T8 target8 under priority area 4 of goal 1 for aspiration 1 of 2023 implem Access and use of electricity and internet is increased by at least 50% of 2013 levels Al-G1-P4
10 |2023_A1-G2-P1-T1 Al-G2-P1-T1 targetlunder priority area1of goal 2 for aspiration 1 of 2023 implem early childhood education is at least 300% of the 2013 rate Al-G2-P1
11/2023_A1-G2-P1-T2 Al1-G2-P1-T2 target 2 under pi area 1 of goal 2 for aspiration 1 of 2023 implem enrolment rate for basic education is 100% Al-G2-P1
12 |2023_A1-G2-P1-T3 Al-G2-P1-T3 target 3 under priority area 1 of goal 2 for aspiration 1 of 2023 implem Increase number of qualified teachers by at least 30% with focus on STEM Al-G2-P1
universal secondary school (including technical high schools) with enrolment rate of
13 |2023_A1-G2-P1-T4 Al1-G2-P1-T4 targetd under priority area 1 of goal 2 for aspiration 1 of 2023 implem 100% Al-G2-P1
Increase 2013 levels of access to sexual and reproductive health services to women by
14 |2023_A1-G3-P1-T1 Al1-G3-P1-T1 target 1 under priority area 1 of goal 3 for aspiration 1 of 2023 implem at least 30% A1-G3-P1
15 |2023_A1-G3-P1-T2 Al-G3-P1-T2 target2 under pi area 1 of goal 3 for aspiration 1 of 2023 implem Reduce 2013 maternal, nec-natal and child mortality rates by at least 50% Al-G3-P1
16 2023_A1-G3-P1-T3 Al1-G3-P1-T3 target 3 under priority area 1 of goal 3 for aspiration 1 of 2023 implem reduce the 2013 incidence of HIV/AIDS, malaria and TB by at least 80% Al-G3-P1
17 |2023_A1-G3-P1-T4 Al-G3-P1-T4 targetd under priority area 1 of goal 3 for aspiration 1 of 2023 implem Access to Anti-Retroviral (ARV) drugs is 100% A1-G3-P1
18 |20237A1764'P17T1 Al-G4-P1-T1 targetlunderpi area 1 of goal 4 for aspiration 1 of 2023 implem Annual GDP growth rate of at least 7% Al-G4-P1
19 |2023_A1-G4-P2-T2 Al1-G4-P2-T2 target 2 under priority area 2 of goal 4 for aspiration 1 of 2023 implem Real value of manufacturing in GDP is 50% more than the 2013 level Al-G4-pP2
Delnacs 100 AE D im Allanasadtn cainman tashmalamand insasasine snen s 2 CT1
agenda impPlan aspiration goal priarity target indicator (O] 4
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Table AFR 3: Africa Agenda Priority Dataset Screenshot

A B C o} E
1 |unigue Priority  Priority Code Priority Name Priority Description Goal Relation
2 |2023_A1-G1-P1 Al1-G1-P1 priority area 1 under goal 1 of aspiration 1'Incomes, Jobs and Decent work Al-G1
3 |2023_Al-G1-P2 Al-Gl-P2 priority area 2 under goal 1 of aspiration 1° Poverty, Inequality and Hunger Al-G1
4 2023_Al-G1-P4 Al-G1-P4 priority area 4 under goal 1 of aspiration 1 Modern and Liveable Habitats and Basic Quality Services Al-G1
5 |2023_Al1-G2-P1 Al1-G2-P1 priority area 1 under goal 2 of aspiration 1 Education and STl driven Skills Revolution Al-G2
6 |2023_A1-G3-P1 A1-G3-P1 priority area 1 under goal 3 of aspiration 1 Health and Mutrition Al1-G3
7 |2023_Al1-G4-P1 Al-G4-P1 priority area 1 under goal 4 of aspiration 1" Sustainable inclusive economic growth Al-G4
8 |2023_A1-GA-P2 Al1-GA-P2 priority area 2 under goal 4 of aspiration 1 5TI driven Manufacturing /Industrialization and Value Addition Al-G4
9 |2023_Al1-G4-P3 Al-G4-P3 priority area 3 under goal 4 of aspiration 1 economic diversification and resilience Al-G4
10 |2023_Al1-G4-P4  Al-G4-P4 priority area 4 under goal 4 of aspiration 1 Hospitality/tourism Al-G4
11|2023_A1-G5-P1 Al1-G3-P1 priority area 1 under goal 5 of aspiration 1 Agricultural productivity and production Al-G5
12 |2023_A1-G6-P1 A1-G6-P1 priority area 1 under goal 6 of aspiration 1 Marine Resources and Energy Al1-G6
13 |2023_Al1-G7-P1 Al-G7-P1 priority area 1 under goal 7 of aspiration 1° Biodiversity, conservation, sustainable natural resource Al-G7
14 |2023_A2-GB-P2 A2-G8-P2 priority area 2 under goal 8 of aspiration 2 Political and economic integration A2-GB
15/2023_A2-G10-P1 A2-G10-P1  priority area 1 under goal 10 of aspiration Z Communications and Infrastructure Connectivity A2-G10
16 |2023_A3-G11-P1 A3-G11-P1  priority area 1 under goal 11 of aspiration : Democratic Values and Practices are the norm A3-G11
17 |2023_A3-G12-P1 A3-G12-P1  priority area 1 under goal 12 of aspiration : Institutions and Leadership A3-G12
18 |2023_A4-G13-P1 A4-G13-P1  priority area 1 under goal 13 of aspiration £ Maintenance and Restoration of Peace and Security A4-G13
19 |2023_A4-G14-P1 A4-G14-P1  priority area 1 under goal 14 of aspiration ¢ Institutional Structure for AU instruments on Peace and Security  A4-G14
20 |2023_A4-G15-P1 A4-G15-P1  priority area 1 under goal 15 of aspiration ¢ Operationalization of APSA Pillars AA-G15
21/2023_A5-G16-P1 A5-G16-P1  priority area 1 under goal 16 of aspiration £Values and Ideals of Pan Africanism A5-G16
22 |2023_A6-G17-P1 A6-G17-P1  priority area 1 under goal 17 of aspiration € Women Empowerment AB-G17
23 |2023_A6-G17-P2 A6-G17-P2  priority area 2 under goal 17 of aspiration € Violence & Discrimination against Women and Girls AB-G17
salanmn ae m1e na ne m18 R ariariseaess A mdereanl 10 ~f areieetian £3ath Cannnmees s + mnd hilean e Dkt ne ;an
agenda impPlan aspiration goal priority | target indicator ® 4
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Table AFR 4: Africa Agenda Goal Dataset Screenshot

A B C D E

1 |unigue Goal Goal Code Goal Name Goal Description Aspiration Relation
2 |2023_Al1-G1 Al-Gl goal 1 under aspiration 1 of 2023 implement A High Standard of Living, Quality of Life and Well Being for All AL
3 |2023_A1-G2 Al-G2 goal 2 under aspiration 1 of 2023 implement Well Educated Citizens and Skills revolution underpinned by Science, Al
4 |2023_Al1-G3 Al-G3 goal 3 under aspiration 1 of 2023 implement Healthy and Well-Nourished Citizens Al
5 |2023_Al-G4 Al-G4 goal 4 under aspiration 1 of 2023 implementation Plan for agenda 2063 AL
6 |2023_A1-G5 Al-G5 goal 5 under aspiration 1 of 2023 implement Modern Agriculture for increased productivity and production Al
7 |2023_A1-G6 Al-G6 goal 6 under aspiration 1 of 2023 implement Blue/ ocean economy for accelerated economic growth Al
g |2023_Al1-G7 Al-G7 goal 7 under aspiration 1 of 2023 implement Environmentally sustainable climate resilient economies and communities Al
0 |2023_A2-GB A2-GB goal 8 under aspiration 2 of 2023 implement United Africa (Federal or Confederate) A2
10 |2023_A2-G9  A2-G9 goal 9 under aspiration 2 of 2023 implement Key Continental Financial and Monetary Institutions established and A2
112023_A2-G10 A2-G10 goal 10 under aspiration 2 of 2023 implemen World Class Infrastructure criss-crosses Africa A2
12 |2023_A3-G11 A3-G11 goal 11 under aspiration 3 of 2023 implemer Democratic values, practices, universal principles of human rights, justice A3
13 |2023_A3-Gl2 A3-G12 goal 12 under aspiration 3 of 2023 implemen Capable institutions and transformed leadership in place at all levels A3
14 12023_A4-G13 A4-G13 goal 13 under aspiration 4 of 2023 implemen Peace, Security and Stability are preserved Ad
15 |2023_A4-G14 A4-G14 goal 14 under aspiration 4 of 2023 implemen A Stable and Peaceful Africa Al
16 |2023_A4-G15 A4-G15 goal 15 under aspiration 4 of 2023 implemen A Fully Functional and Operational African Peace and Security Architecture A4
17 |2023_A5-G16 AS5S-G16 goal 16 under aspiration 5 of 2023 implemer African Cultural Renaissance is pre-eminent AS
18 |2023_A6-G17 A6-G17 goal 17 under aspiration 6 of 2023 implemer Full Gender Equality in All Spheres of Life AB
19 |2023_AG-G18 AG6-G18 goal 18 under aspiration 6 of 2023 implemen Engaged and Empowered Youth and Children AB
20 |2023_AT7-G19 A7-G19 goal 19 under aspiration 7 of 2023 implemen Africa as a major partner in global affairs and peaceful co-existence AT
21 (2023_AT7-G20 A7-G20 goal 20 under aspiration 7 of 2023 implemen Africa takes full responsibility for financing her development AT
22
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Table AFR 5: Africa Agenda Aspiration Dataset Screenshot

A B C D E i

1 unique Aspiration Aspiration Code Aspiration Name Aspiration Description Implementation Plan Relation
A prosperous Africa based on inclusive growth

2 12023_A1 Al aspiration 1 of 2023 implementation plan  and sustainable development FTYIP2023

3 12023_A2 A2 aspiration 2 of 2023 implementation plan  An integrated continent, politically united FTYIP2023
An Africa of good governance, democracy,
respect for human rights, justice and the rule

42023 A3 A3 aspiration 3 of 2023 implementation plan  of law FTYIP2023

5 |2023_A4 Al aspiration 4 of 2023 implementation plan A peaceful and secure Africa FTYIP2023
Africa with a strong cultural identity, commaon

6 2023_AS A5 aspiration 5 of 2023 implementation plan  heritage, values and ethics FTYIP2023
An Africa whose development is people
driven, relying on the potential of the African

7 |2023_A6 A6 aspiration 6 of 2023 implementation plan  people FTYIP2023
Africa as a strong and influential global

g 2023_A7 A7 aspiration 7 of 2023 implementation plan  partner FTYIP2023

9

10

1

12

13

14

15

16

1z

agenda impPlan aspiration | goal priority target indicator [l

Table AFR 6: Africa Agenda Implementation Plan Dataset Screenshot

A B C D E F G
unigue Implementation . . e Implementation Implementation
. Implementation Plan Name Implementation Plan Description - .
1 Implementation Plan Plan Code Plan Beginning Plan Ending

2 2023_FTYIP FTYIP2023 First Ten Year Implementation Plan for Agenda 2063  Implementation plan for period 2013-2023 2013 2023 agenda2063

Agenda Relation

Table AFR 7: Africa Agenda Dataset Screenshot

A B C D E F
1 |unigue Agenda Agenda Code Agenda Mame  Agenda Description Agenda Beginning Agenda Ending
2 |2063_agenda  agenda2063 agenda 2063 africa agenda 2063 2013 2063

Appendix 2: SDG Agenda Datasets Screenshots

Table SDG 1: SDG Indicator Dataset Screenshot

A B C D E F G H I 1 K L
Uni Indicat Indicat Indicat M T: it
nique MO | dicator Name Indicator Description unsdCode o oOr Sub-theme Indicator Pillar o sasure Disaggregation Factors aree

1 |Indicator Code Theme Scope Type Relation

Proportion of population
below the international
poverty line, by sex, age,

indicator 1 under target employment status and sex, age, employment
1 of goal 1 for agenda  geographical location status, geographic
2 2030_1.1.1 1.1.1 2030 {urban/rural) C010101 No Poverty below the internaticsocial global location (urbanfrural) 1.1
indicator 1 under target Proportion of population i
2 of goal 1 for agenda  living below the national
3 2030 1.2.1 1.21 2030 poverty line, by sexand €010201 No Poverty below the national jsocial national sex, age 1.2

Proportion of men,
women and children of

indicator 2 under target all ages living in poverty poverty dimension,
2 of goal 1 for agenda  in all its dimensions population dimension
4 (2030_1.2.2 1.2.2 2030 according to national C€010202 No Poverty poverty in all its dir social national (men/women/children) 1.2
Proportion of population "
covered by social sex, distinguishing
protection children, unemployed
floors/systems, by sex, persons, older persons,
distinguishing children, persons with
unemployed persons, disabilities, pregnant
agenda | goal | target | indicator ® 4
READY i = No new notifi

=,
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Table SDG 2: SDG Target Dataset Screenshot

A B C D E
1 |Unique Target Target Code Target Name Target Description Goal Relation
By 2030, eradicate extreme poverty for all people everywhere, currently
2 |2030_1.1 1.1 target 1 under goal 1 of agenda 2030 measured as people living on less than $1.25 a day goall

By 2030, reduce at least by half the proportion of men, women and
children of all ages living in poverty in all its dimensions according to

3 |2030_1.2 1.2 target 2 under goal 1 of agenda 2030 national definitions goall
Implement nationally appropriate social protection systems and
measures for all, including floors, and by 2030 achieve substantial

4 12030_1.3 1.3 target 3 under goal 1 of agenda 2030  coverage of the poor and the vulnerable goall
By 2030, ensure that all men and women, in particular the poor and the
vulnerable, have equal rights to economic resources, as well as access to
basic services, ownership and control over land and other forms of
property, inheritance, natural resources, appropriate new technology

5 |2030_1.4 1.4 target 4 under goal 1 of agenda 2030 and financial services, including microfinance goall
By 2030, build the resilience of the poor and those in vulnerable
situations and reduce their exposure and vulnerability to climate-related
extreme events and other economic, social and environmental shocks

6 |2030_1.5 1.5 target 5 under goal 1 of agenda 2030  and disasters goall
Ensure significant mobilization of resources from a variety of sources,
including through enhanced development cooperation, in order to

agenda goal target indicator

4

i [ =
Table SDG 3: SDG Goal Dataset Screenshot
A B C D E F G

1 Unique Goal Goal CodeGoal Name Goal Description Agenda Relation Pillar Mapping

2 2030_01 goal 1 goal 1 of agenda 2030 End poverty in all its forms everywhere agenda2030 pillar2

3 12030_02 goal 2 goal 2 of agenda 2030  End hunger, achieve food security and improved nutrition and promote sustainable agriculture agenda2030 pillar2

4 2030_03 goal 3 goal 3 of agenda 2030 Ensure healthy lives and promote well-being for all at all ages agenda2030 pillar2

5 12030_04 goal4  goal 4 of agenda 2030 Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all agenda2030 pillar2

6 2030_05 goal 5 goal 5 of agenda 2030 Achieve gender equality and empower all women and girls agenda2030 pillar2

7 12030_06 goal & goal 6 of agenda 2030  Ensure availability and sustainable management of water and sanitation for all agenda2030 pillar3

8 2030_07 goal 7 goal 7 of agenda 2030 Ensure access to affordable, reliable, sustainable and modemn energy for all agenda2030 pillarl

9 12030_08 goal goal 8 of agenda 2030 Promote sustained, inclusive and sustainable economic growth, full and productive employment and de agenda2030 pillar1
10 12030_09 goal 9 goal 9 of agenda 2030 Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation agenda2030 pillarl
11 2030_10 goal 10 goal 10 of agenda 2030 Reduce inequality within and among countries agenda2030 pillar1
12 12030_11 goal 11 goal 11 of agenda 2030 Make cities and human settlements inclusive, safe, resilient and sustainable agenda2030 pillarl
13 |2030_12 goal 12 goal 12 of agenda 2030 Ensure sustainable consumption and production patterns agenda2030 pillar3
14 12030_13 goal 13 goal 13 of agenda 2030 Take urgent action to combat climate change and its impacts agenda2030 pillar3
15 2030_14 goal 14 goal 14 of agenda 2030 Conserve and sustainably use the oceans, seas and marine resources for sustainable development agenda2030 pillar3
16 12030_15 goal 15 goal 15 of agenda 2030 Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, co agenda2030 pillar3
17 2030_16 goal 16 goal 16 of agenda 2030 Promote peaceful and inclusive societies for sustainable development, provide access to justice for all agenda2030 pillara
18 |2030_17 goal 17 goal 17 of agenda 2030 Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Developr agenda2030 pillard
19
20
21
22
-1

agenda | geal | target | indicator (O] 4
B -
Table SDG 4: SDG Agenda Dataset Screenshot
A B C D E F

1 |Unique Agenda Agenda Code Agenda Name Agenda Description Agenda Beginning Agenda Ending
2 2030 _agenda agenda2030 agenda 2030 sustainable development goals agenda 2030 2015 2030

3
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Appendix 3: Vision Agenda Datasets Screenshots
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A
Unigue Indicator

B
Indicator Code

2036 _P1-01-11 P1-01-11
2036_P1-01-12 P1-01-12
2036 _P1-02-11 P1-02-11
2036_P1-02-12  P1-02-12
2036_P1-03-11  P1-03-11
2036_P1-04-11  P1-04-11
2036_P1-04-12  P1-04-12
2036_P1-04-13  P1-04-13
2036 _P1-03-11 P1-05-11
2036_P1-05-12 P1-05-12
2036_P1-06-11 P1-06-11
2036_P2-01-11  P2-01-11
2036 _P2-01-12 P2-01-12
agenda

A

2036_P1-01
2036_P1-02
2036_P1-03
2036_P1-04
2036_P1-05
2036_P1-06
2036_P2-01
2036_P2-02
2036_P2-03
2036_P2-04
2036_P3-01
2036_P3-02
2036_P3-03
2036_P3-04
2036_P3-05
2036_P4-01
2036_P4-02

A

Unique Pillar Pillar Code
2036_Pillarl pillarl
2036_Pillar2 pillar2
2036_Pillar3 pillar3
2036_Pillard pillard

Unigue Outcome Qutcome Code

P1-01
P1-02
P1-03
P1-04
P1-05
P1-06
P2-01
P2-02
P2-03
P2-04
P3-01
P3-02
P3-03
P3-04
P3-05
P4-O1
P4-02

pillar

Table VIS 1: Vision Indicator Dataset Screenshot

C
Indicator Name
indicator 1 under outcome 1 of
pillar 1 for agenda 2036

indicator 2 under outcome 1 of
pillar 1 for agenda 2036
indicator 1 under outcome 2 of
pillar 1 for agenda 2036
indicator 2 under outcome 2 of
pillar 1 for agenda 2036
indicator 1 under outcome 3 of
pillar 1 for agenda 2036
indicator 1 under outcome 4 of
pillar 1 for agenda 2036
indicator 2 under outcome 4 of
pillar 1 for agenda 2036
indicator 3 under outcome 4 of
pillar 1 for agenda 2036
indicator 1 under outcome 5 of
pillar 1 for agenda 2036
indicator 2 under outcome 5 of
indicator 1 under outcome 6 of
pillar 1 for agenda 2036
indicator 1 under outcome 1 of
pillar 2 for agenda 2036

pillar 2 for agenda 2036

outcome indicator

D
Indicator Description

Annual average rate of growth of real GDP

Real Gross National Income (GNI) per
capita

MNon-diamond export as a % of GDP
Annual average rate of growth of non-
diamond real GDP

National wealth (assets)

Total Factor Productivity (TFP) growth
Global competitiveness ranking

Daing business ranking

Unemployment rate
MNumber of new formal sector jobs per year

Legatum Prosperity Index (ranking)
Share of population living under Poverty
Datum Line (head-count poverty rate)

Multidimensional Poverty Index (MP1)

E
Data Source
National
Accounts
World
Development
Indicators

P1-01

P1-01
BIMTS, BoB pP1-02
National Account P1-02

Bank of Botswanz P1-03

BNPC P1-04
WEF P1-04
World Bank P1-04
Various Surveys  P1-03

$tB Employment ! P1-05
Legatum Inst. P1-06

Household Survey P2-01
including BCWIS, P2-01

Table VIS 2: Vision Outcome Dataset Screenshot

C
Qutcome Name

E

nfa

nfa
nfa
nfa
n/a
n/a
n/a
nfa

nfa
nfa

nfa

nfa

nfa

G
Outcome Relation NDPI Mapping

E

Pillar Relation

outcome 1 under pillar 1 of agenda 2036
outcome 2 under pillar 1 of agenda 2036
outcome 3 under pillar 1 of agenda 2036
outcome 4 under pillar 1 of agenda 2036
outcome 5 under pillar 1 of agenda 2036
outcome & under pillar 1 of agenda 2036
outcome 1 under pillar 2 of agenda 2036
outcome 2 under pillar 2 of agenda 2036
outcome 3 under pillar 2 of agenda 2036
outcome 4 under pillar 2 of agenda 2036
outcome 1 under pillar 3 of agenda 2036
outcome 2 under pillar 3 of agenda 2036
outcome 3 under pillar 3 of agenda 2036
outcome 4 under pillar 3 of agenda 2036
outcome 5 under pillar 3 of agenda 2036
outcome 1 under pillar 4 of agenda 2036
outcome 2 under pillar 4 of agenda 2036

Table VIS 3: Vision Pillar Dataset Screenshot

C
Pillar Name

Sustainable Economic Development

Human & Social Development
Sustainable Environment

Governance, Peace & Security

PhD Thesis
CSIS
Department

D
Qutcome Description
High-income country pillarl
Diversified economy pillarl
Preserving national wealth pillarl
Competitive & productive economy pillarl
Adequate employment opportunities pillarl
Broad-based prosperity pillarl
Socially inclusive pillar2
Gender equality pillar2
Long & healthy lives pillar2
Quality education pillar2
Food security pillar3
Water security pillar3
Energy security pillar3
Clean environment pillar3
Biodiversity pillar3
Accountable, transparent & effective governance pillard
Peaceful & secure nation pillard
D E
Pillar Description Agenda Relation
pillar 1 of agenda 2036 vision2036
pillar 2 of agenda 2036 vision2036
pillar 3 of agenda 2036 vision2036
pillar 4 of agenda 2036 vision2036
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Table VIS 4: Vision Agenda Dataset Screenshot

A B C

1 |Unigue Agenda Agenda Code Agenda Name Agenda Description
agenda 2036 Botswana Vision 2036

2 |2036_agenda wision2036

D

E F

Agenda Beginning Agenda Ending

2016 2036

Appendix 4: SDG Agenda Performance Datasets Screenshot

Table SDGI 1: Consolidated SDG Agenda Performance Datasets Screenshot

goalName goalTheme goalDesc
Sustainable Development good health and we Ensure healthy lives and promote 3.1
Sustainable Development good health and we Ensure healthy lives and promote13.1
Sustainable Development good health and we Ensure healthy lives and promote13.2
Sustainable Development good health and we Ensure healthy lives and promote 3.2
Sustainable Development good health and we Ensure healthy lives and promote 13.3
Sustainable Development good health and we Ensure healthy lives and promote 13.3
Sustainable Development good health and we Ensure healthy lives and promote 13.3
Sustainable Development good health and we Ensure healthy lives and promote 13.3
Sustainable Development good health and we Ensure healthy lives and promote 3.3
Sustainable Development good health and we Ensure healthy lives and promote 3.4
Sustainable Development good health and we Ensure healthy lives and promote 3.4
Sustainable Development good health and we Ensure healthy lives and promote 3.6
Sustainable Development good health and we Ensure healthy lives and promote 3.7
Sustainable Development good health and we Ensure healthy lives and promote 3.7
Sustainable Development good health and we Ensure healthy lives and promote 13.9
Sustainable Development good health and we Ensure healthy lives and promote 13.9
Sustainable Development good health and we Ensure healthy lives and promote 13.9
Sustainable Development good health and we Ensure healthy lives and promote 3.3
Sustainable Development good health and we Ensure healthy lives and promote13.b
Sustainable Development good health and we Ensure healthy lives and promote3.b
Sustainable Development good health and we Ensure healthy lives and promote13.c
Sustainable Development good health and we Ensure healthy lives and promote3.d

3 sdgl sdg2 | sdg3 | sdgd4 | sdg5 | sdgé @ sdg7 | sdg8 | sdgd

targetCode targetDesc

By 2030, reduce the global maternal mortality rat3.1.1
By 2030, reduce the global maternal mortality ra13.1.2
By 2030, end preventable deaths of newborns ar 3.2.1
By 2030, end preventable deaths of newborns ar 3.2.2
By 2030, end the epidemics of AIDS, tuberculosis 3.3.1
By 2030, end the epidemics of AIDS, tuberculosis 3.3.2
By 2030, end the epidemics of AIDS, tuberculosis 3.3.3
By 2030, end the epidemics of AIDS, tuberculosis 3.3.4
By 2030, end the epidemics of AIDS, tuberculosis 3.3.5
By 2030, reduce by one third premature mortalit 3.4.1
By 2030, reduce by ane third premature mortalit 3.4.2
By 2020, halve the number of global deaths and i 3.6.1
By 2030, ensure universal access to sexual and re 3.7.1
By 2030, ensure universal access to sexual and re 3.7.2
By 2030, substantially reduce the number of deaf3.9.1
By 2030, substantially reduce the number of deaf3.9.2
By 2030, substantially reduce the number of dea’3.9.3
Strengthen the implementation of the World He 3.a.1
Support the research and development of vaccin 3.b.1
Support the research and development of vaccin 3.b.2
Substantially increase health financing and the n3.c.1
strengthen the capacity of all countries, in partic 3.d.1

sdgl0

sdgil | sdgi2 .. (®

sdindicator indicatorDesc

measureDe m

Maternal mortality ratio Maternal m pe

Proportion of births attended by skilled h n/a ny
Under-five mortality rate Under-five p¢
Neonatal mortality rate nfa ny

Number of new HIV infections per 1,000 uNumber of p¢
Tuberculosis incidence per 100,000 popul:i Tuberculosi pe

Malaria incidence per 1,000 population  nfa ny
Hepatitis B incidence per 100,000 populatin/a ny
Number of people requiring intervention n/a nj
Martality rate attributed to cardiovasculatn/a ny
Suicide mortality rate nfa nj
Death rate due to road traffic injuries Death rate (ni
Proportion of women of reproductive agen/a ny
Adolescent birth rate (aged 10-14 years; a.n/a ny
Mortality rate attributed to household anin/a nj
Mortality rate attributed to unsafe water, nfa ny
Meortality rate attributed to unintentional n/a ny
Age-standardized prevalence of current tc Age-standa %
Proportion of the target population cover n/fa ny
Total net official development assistance nfa ny
Health worker density and distribution  n/a ny
International Health Regulations (IHR) cagn/a ny

Appendix 5: Source Data Inconsistency Prevalence Summary

Inconsistencies by Type

Figure Appx 5. 1: Source Data Inconsistencies by Type
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