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ABSTRACT 

Traceability systems are crucial for regulatory compliance and consumer trust in food supply integrity 
and animal protection. Animal traceability systems ensure food safety and disease outbreak control. 
However, the current systems lack interoperability and are badly integrated across multiple 
stakeholders. The non-interoperable animal traceability systems pose challenges for farmers and the 
government in tracking stray animals, diseases, feeding, vaccinations, and livestock export regulations. 
The main cattle identification and traceability system being used in Botswana is the non-interoperable 
Botswana Livestock Identification and Traceability System. The six stakeholders concentrate on cow 
but lack a single system for interoperability, integration, standardization, and domain understanding 
among them. This research proposes the development of an interoperable and ontology-driven animal 
traceability framework to solve the gap of poor interoperability in current frameworks for animal 
traceability, with Botswana as a case study. Limitations of current traceability frameworks were 
identified, and the components for the design and development of the proposed interoperability 
framework were generated using the mixed method design methodology - qualitative and quantitative 
research. Involving robust data analysis. Quantitative identified system gaps and patterns in traceability 
practices though descriptive statistics. Qualitative research carried out a thematic analysis using NVivo 
tool on stakeholder interviews and documents, for in-depth understanding of socio-technical aspects of 
traceability systems. Together the designs reinforced the validity and reliability of the findings.  The 
analysis identified cattle, farmers, system, and records as the key concepts. 39% of Botswana 
participants find BAITS ineffective, making it the main challenge of animal traceability. 

 An interoperable ontology-driven animal traceability framework is developed. In addition, a new and 
novel animal traceability ontology was developed using the METHONTOLOGY ontology development 
methodology, covering knowledge acquisition, specification, conceptualization, formalization, and 
evaluation. The process ensures a transparent and systematic ontology development of the animal 
traceability domain to model the key traceability components. The ontology was evaluated for quality 
based on consistency, clarity, adaptability, and coverage. The Ontometric evaluation tool was used to 
evaluate revealing a high level of inheritance richness 0.692308, relationship richness 0.678571, and 
average depth 0.9, indicating detailed knowledge ontology, strong class connections, and seamless data 
integration and exchange. The evaluation of reference and candidate ontologies revealed 66.67% of 
animal traceability ontology is more interoperable than animal health ontology at 33.33%. Altogether, 
results indicate that the framework achieved interoperability and standardization, producing seamless 
integrated systems. Overall, this study contributes both as a template that is methodological for 
agricultural research in semantic systems. Also, providing a foundation for adaptable solutions to 
support worldwide supply chain compliance and strategies in animal health. The ontology-driven 
framework is designed as a guiding principle for system developers, a blueprint to implement 
semantically correct integrated traceability. The ontology is developed to contribute semantic 
interoperability and can be integrated with data infrastructures already existing.  

 

 

 

 

 

 



xiii | P a g e  
 

LIST OF TABLES 

Table 1 Animal Traceability Stakeholders and Their Roles. ................................................................... 5 
Table 2 Animal traceability technologies. .............................................................................................. 15 
Table 3 Methodologies compared beside the ontology development life cycle [45] ............................ 24 
Table 4 Comparison between the ontology development methodologies [104]. ................................... 24 
Table 5 Ontology methodologies compared [99]. ................................................................................. 25 
Table 6 General description of the developers, release dates, current versions, and pricing policy of the 
ontology tools [109], [110], [111]. ......................................................................................................... 27 
Table 7 Comparison of ontology tools interoperability translations to/from languages ........................ 29 
Table 8 Usability features of the ontology development tools [48]. ...................................................... 29 
Table 9 Comparison of the Ontology languages  [106]. ........................................................................ 31 
Table 10 Traceability ontology frameworks .......................................................................................... 34 
Table 11Task list for the interview process for the research. ................................................................. 45 
Table 12 Participants selected for study. ................................................................................................ 49 
Table 13 Pilot study feedback examples ................................................................................................ 50 
Table 14 Sample attributes and values of case Person. .......................................................................... 58 
Table 15 Cattle count, theft, and found distribution .............................................................................. 69 
Table 16 Central Tendency statistics for animal traceability. ................................................................ 72 
Table 17 Glossary of Terms for Animal Traceability Ontology. ............................................................ 97 
Table 18 Glossary of terms for the class Cattle and class Farmer. ........................................................ 97 
Table 19 Glossary of terms for class Farm Employee and class Tracking. ........................................... 98 
Table 20 Glossary of terms for the class Traceability and class Disease. .............................................. 98 
Table 21 Glossary of terms for the class Organizations and class Visitations. Glossary of terms for the 
class Organizations and class Visitations. .............................................................................................. 98 
Table 22 Glossary of terms for the class Vaccination and class Farm. .................................................. 99 
Table 23 Glossary of terms for the class Financial and class Inventory. ............................................. 100 
Table 24 Glossary of terms for the class Market. ................................................................................ 100 
Table 25 Semantics of the Binary Object Properties ........................................................................... 103 
Table 26 Concept dictionary used to specify the properties, instances, and relations. ........................ 106 
Table 27 Merger among the relations and attributes built in the concept dictionary. .......................... 107 
Table 28 Description of the instance attributes from the concept dictionary. ...................................... 108 
Table 29 Description in detail of the class attributes. .......................................................................... 108 
Table 30 Axioms description of concepts definable in OWL. ............................................................. 110 
Table 31 Description of instance Farmer. ............................................................................................ 110 
Table 32 Description of instance Farm Employee. .............................................................................. 110 
Table 33 Description of instance Organization. ................................................................................... 111 
Table 34 Description of instance Traceability. ..................................................................................... 111 
Table 35 Description of instance Vaccination. ..................................................................................... 111 
Table 36 Description of instance Tacking. ........................................................................................... 112 
Table 37 Description of instance Visitations. ...................................................................................... 112 
Table 38 Description of instance Financials. ....................................................................................... 112 
Table 39 Description of instance Inventory. ........................................................................................ 113 
Table 40 Description of instance Disease. ........................................................................................... 113 
Table 41 Description of instance Market. ............................................................................................ 113 
Table 42 Description of instance Cattle. .............................................................................................. 114 
Table 43 Description of instance Farm. ............................................................................................... 114 
Table 44 Evalution Techniques and Metrics ........................................................................................ 127 
Table 45 Comparison of the ATO and AHO ........................................................................................ 133 
 

 



xiv | P a g e  
 

LIST OF FIGURES 

Figure 1 Illustration of the modular design of the dairy ontology [118] ............................................... 35 
Figure 2 Pictorial of FoodOn Ontology [18] ......................................................................................... 35 
Figure 3 Illustration of the taxonomy process of Pasta Filata [19] ........................................................ 36 
Figure 4 Conceptual Framework for an Ontology-Based Traceability System for Halal Status of Flavour 
[120]. ...................................................................................................................................................... 37 
Figure 5 Research Design of the Study Framework. ............................................................................. 41 
Figure 6 The interview protocol refinement method [153]. .................................................................. 45 
Figure 7 Stages of planning a questionnaire [156]. ............................................................................... 46 
Figure 8 Concurrent triangulation design [138]. ................................................................................... 52 
Figure 9 Schematic diagram of the study data analysis process. ........................................................... 54 
Figure 10 Import panel of NVivo software. ........................................................................................... 55 
Figure 11 Sample documents imported in the Files subsection of the Data section. ............................ 56 
Figure 12 Data Annotations ................................................................................................................... 56 
Figure 13 Sample Attributes .................................................................................................................. 57 
Figure 14 Sample presentation of the imported demographic of respondents. ..................................... 58 
Figure 15 Sample for coding ................................................................................................................. 59 
Figure 16 Sample for nodes ................................................................................................................... 60 
Figure 17 Explore panel with query options from NVivo software. ..................................................... 61 
Figure 18 Response rate by district of respondents. .............................................................................. 65 
Figure 19 Age of the respondents. ......................................................................................................... 66 
Figure 20 Gender distribution of respondents. ...................................................................................... 67 
Figure 21 Level of education representation of respondents. ................................................................ 68 
Figure 22 Respondents source of income. ............................................................................................. 68 
Figure 23 Cattle theft vs cattle found by district. .................................................................................. 70 
Figure 24 Cattle theft vs cattle theft in Botswana. ................................................................................. 71 
Figure 25 The outlook of respondents to animal traceability challenges. ............................................. 72 
Figure 26 Word Cloud for animal traceability data. .............................................................................. 73 
Figure 27 Cluster groupings of animal traceability data. ...................................................................... 75 
Figure 28 Coding matrix of the five main concepts deducted from the text data. ................................ 76 
Figure 29 Coding matrix illustration of interview results. .................................................................... 78 
Figure 30 Main tree hierarchy map from animal traceability data. ....................................................... 79 
Figure 31 Extract category 1 from the expansion of the “farm” component of the main tree hierarchy 
map Figure 30. ....................................................................................................................................... 80 
Figure 32 Extract 2 from the expansion of the “system” component of the main tree hierarchy map 
Figure 30. ............................................................................................................................................... 81 
Figure 33 Extract 3 from the expansion of the “cattle” component of the main tree hierarchy map Figure 
30. .......................................................................................................................................................... 81 
Figure 34 Project map of the four main components generated by NVivo software. ........................... 83 
Figure 35 Project map of the four main components, including the coding relationships from each 
District. .................................................................................................................................................. 84 
Figure 36 The Ontology-driven Framework for Animal Traceability. .................................................. 87 
Figure 37 Ontology Development Activities as proposed by METHONTOLOGY [75]. ..................... 93 
Figure 38 Knowledge acquisition and Specification activities of the animal traceability ontology. ..... 95 
Figure 39 The conceptualization steps for developing animal traceability ontology based on 
METHONTOLOGY. ............................................................................................................................. 96 
Figure 40 Taxonomy for animal traceability. ....................................................................................... 101 
Figure 41 Ad hoc binary relations built for the animal traceability ontology. ..................................... 102 
Figure 42 Protege Startup process ....................................................................................................... 115 
Figure 43 Formalization process for animal traceability ontology. ..................................................... 116 



xv | P a g e  
 

Figure 44 Class and Sub-class creation ............................................................................................... 117 
Figure 45 Complete list of the animal traceability ontology classes, sub-classes, and sub-sub-classes.
 ............................................................................................................................................................. 117 
Figure 46 Creating object properties for the animal traceability ontology. ......................................... 117 
Figure 47 depicts the list of object properties created in Protégé for the animal traceability ontology.
 ............................................................................................................................................................. 118 
Figure 48 The domains and ranges for object property “employedBy”. ............................................. 118 
Figure 49 Creation of Data Properties ................................................................................................. 119 
Figure 50 Created Data Properties of ATO using Protege ................................................................... 120 
Figure 51 Adding features to data types .............................................................................................. 121 
Figure 52 Creation of individual “foot and mouth” for class disease. ................................................. 122 
Figure 53 Individuals for animal traceability ...................................................................................... 122 
Figure 54 Pictorial from Protégé OWLViz of the animal traceability ontology. ................................. 123 
Figure 55 Pictorial from Protégé OntoGraf of the animal traceability ontology. ................................ 124 
Figure 56 Base Metric ......................................................................................................................... 128 
Figure 57 Schema Metrics ................................................................................................................... 129 
Figure 58 Graph Metrics ...................................................................................................................... 131 
Figure 59 Class axioms Metric results from computing AnimalTraceabilityOntology.owl file .......... 134 
Figure 60 Property axioms ................................................................................................................... 135 
Figure 61 Knowledge metrics results from OntoMetrics .................................................................... 136 
Figure 62 Class Metric ......................................................................................................................... 138 
Figure 63 Running SPARQL query to search for farmer employee. ................................................... 140 
Figure 64 Output from SPARQL query to searching for farmer employee. ........................................ 140 
Figure 65 Running SPARQL query to search for name of farm the farmer owns. .............................. 140 
Figure 66 Output from SPARQL query to searching for farm name. .................................................. 141 
Figure 67 Running SPARQL query to search for the farm location. ................................................... 141 
Figure 68 Output from SPARQL query to search for farm location .................................................... 141 
Figure 69 OOPS! Pitfall indicator ....................................................................................................... 142 
Figure 70 ATO results from OOPS! pitfall scanner ............................................................................. 142 
Figure 71 ATO pitfall detected P13: Inverse relationships not explicitly declared ............................. 142 
Figure 72 ATO pitfall detected P22: Using different naming conventions .......................................... 143 
Figure 73 ATO pitfall detected P24: Using recursive definition ......................................................... 143 
Figure 74 ATO pitfall detected P30 Equivalent classes not explicitly declared .................................. 143 
Figure 75 ATO pitfall detected P41: No license declared .................................................................... 143 
Figure 76 ATO results presenting no pitfalls detected in the ontology ................................................ 144 
 

LIST OF EQUATIONS 

Equation 1 Cluster analysis algorithm ................................................................................................... 74 
Equation 2 Coding matrix algorithm ..................................................................................................... 76 
Equation 3 Hierarchy tree map algorithm ............................................................................................. 78 
Equation 4 Inheritance Richness (IR) .................................................................................................. 130 
Equation 5 Relationship richness (RR) ................................................................................................ 130 
Equation 6 Class/Relation ratio (CRR) ................................................................................................ 131 
Equation 7 Average Population (AP) ................................................................................................... 137 
Equation 8 Class Richness (CR) metric ............................................................................................... 137 
 

 



xvi | P a g e  
 

 

ACRONYMS          

BMC – Botswana Meat Comissioner 
CAQDAS  - Computer Assisted Qualitative Data Analysis 
DCOP - Dairy Cattle Performance Ontology  
DONT  - Dedicated Domain Ontology 
EU – European Union 
FAIR – Findable Accessible Inteoperable Reusable 
FMD – Foot and Mouth Disease 
FTTO - Food Track & Trace Ontology  
GDP – Gross Domestic Product 
GPS - Global Positioning System 
GS1 – Global Standards 
GSM - Global System for Mobile communication 
GUI – Graphical User Interface 
HACCP - Hazard Analysis Critical Control Point  
HTML - HyperText Markup Language 
ICT - Information Communications Technology 
ID – Indetification Device 
JSON - JavaScript Object Notation 
LITS – Livestock Identification and Trace-back System  
MOA – Ministry of Agriculture 
OIE - World Organization for Animal Health  
OWL – Web Ontology Language 
PDA - Personal Digital Assistant 
PLF - Precision Livestock Farming  
RDF - Resource Description Framework 
RFID – Radio Frequency Identification Device 
SPARQL - Simple Protocol for RDF Query Language 
SPSS  - Statistical Package for Social Sciences 
SQL - Structural Query Language  
SQWRL - Semantic Query-Enhanced Web Rule Language  
TOVO - Toronto Virtual Enterprise  
TSV - Tab-Separated Values 
UML - Unified Modeling Language 
WHO – World Health Organization 
WTO - World Trade Organization  
WSN - Wireless sensor networks 
XML - Extensible Markup Language



1 | P a g e  
 

 

1 CHAPTER 1 INTRODUCTION 

The first chapter of this research introduces the main concept of animal traceability and ontologies. The 
academic context highlights and discusses the work and research that other researchers have carried out 
on ontologies and animal traceability, and further articulates the existing gaps within the literature 
regarding animal traceability systems and frameworks internationally. The chapter provides the reader 
with the context of this research by giving an insight into the challenges that informed the study.  In 
alliance with the literature review and research methodology, the information conveyed in this section 
is presented to show the contributing research that sparked the initiation of this study.  

1.1 Introduction to Animal Traceability 
The EU regulation from the research presented by Zhao et al. [1] traceability is the ability to track and 
monitor food, feed, food-producing animals, or substances meant to be, or anticipated to be, included 
in feed throughout the phases of production, processing, and distribution. Traceability is the capacity to 
preserve animal or product identity throughout the whole production process [2]. A clearer and more 
detailed definition by Caporale et al. [3] Traceability is documenting the important elements of an 
animal, that is, processes, movements, and controls, that are required to describe the history of the 
animal’s life. 

Animal traceability systems are a means of using devices to track the life of livestock from birth until 
they are slaughtered. Detailing their movement, vaccination, diseases, and feeding. The tremendous 
growth in the demand for animal products globally has ignited the need for the implementation of robust 
animal traceability systems. The traceability systems are not only imperative to meet the regulatory 
requirements but necessary for building trust with consumers in the food supply integrity and in animal 
protection. Preservation of animals, in this case cattle, has provoked a lot of attention from individuals, 
external organizations, and governments. Traceability requires a focus on the animal’s health and the 
hygiene of the food for consumers. That is why it was important to create systems that would manage 
the traceability of livestock. The modern system for the control of food safety, with the integration of 
food hygiene and the health of animals, is the foundation of traceability [4]. 

1.2 Challenges of Animal Traceability 
The minimum for a traceability system is listed as having identification elements, information flow, and 
databases [5]. As a precursor to studies like this one, the World Organization for Animal Health (OIE) 
has been hosting international seminars since 1998 to address the problems of animal traceability for 
global impact [6]. Therefore, it is not a trivial problem. Their focus has been on the devices being used 
to monitor the animals and less on the management of the data collected. In addition, there also exists 
the Agri-Traceability Québec (ATQ), whose mandate is to group, in a single place, data related to the 
traceability of agricultural sectors when entered into the system through the development of 
multispecies databases [7]. Also, Zhao et al. [1] talks of another system that only focuses on the device 
used for animal traceability, with an ineffective information management system that relies on how the 
animal will be slaughtered to get information. 

There are a few other animal traceability systems that deal with animal food safety, diseases, and export 
regulations and a few frameworks that talk about animal food safety. For example, the general 
framework for animal food safety traceability using Global Standards (GS1) and Radio Frequency 
Identification Device (RFID) by Cao [8] is a framework in animal traceability that deals with the tracing 
of animal health for the safety of the animal products that are going to be sold. There is an absence of 
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interoperability in all the systems mentioned, even though they operate in an environment with multiple 
processes and organizations.   
Cattle diseases have played a major role in the development of animal traceability systems. Diseases 
like Foot and Mouth Disease (FMD), zoonotic disease, and bovine spongiform encephalopathy disease 
have caused disruptions and conflicts not only in the survival of farmers but the economy of countries 
and relations between countries. FMD and bovine spongiform encephalopathy are said to be widely 
spread diseases in Asian, African, Middle Eastern, and European countries, all linked to infected 
animals being traded [9]. FMD outbreaks require significant resources for control, impacting 
traceability, and wildlife conflicts in FMD-endemic areas worsen livestock management [10]. 
Environmental factors like high temperatures and inefficiencies in traditional farming, such as low off-
take rates and high mortality, also hinder the effectiveness of the traceability system [10]. Overall, these 
issues underscore the need for improved infrastructure and technology solutions to support traceability 
[11].  

The serious impact of cattle disease makes it difficult for animal products to enter markets easily for 
the safety of compromising public health. World Health Organization (WHO) made compulsory 
agreements on Sanitary and Phytosanitary Measures, which made trade barriers that were stricter for 
the traceability of animals  [12]. The European Union (EU) also created regulations [13] under articles 
112 to 115 of Regulation (EU) 2016/429, which presented tighter regulations for the import/export of 
cattle requiring effective animal traceability systems. The introduction of compulsory animal 
traceability systems required farmers and countries to implement animal traceability systems to 
continue managing their livestock and complying with the new regulations.  

In other African countries, such as Kenya, Ethiopia, and Tanzania, animal traceability systems face 
challenges due to inadequate infrastructure and high costs associated with technologies like RFID, 
making adoption difficult for many farmers [14]. There is also a lack of regulation and oversight to 
enforce traceability practices, and limited stakeholder coordination further impedes progress [14]. In 
Kenya, the absence of proper animal identification methods affects disease surveillance and control, 
particularly for diseases like African swine fever and cysticercosis [15]. In Tanzania, a pilot study using 
the Livestock Identification and Traceability System (LITS) showed potential for tracking cattle, but 
accurate data collection, lack of incentives for adoption, and limited stakeholder coordination remain 
issues [16]. The unreliable Internet connectivity in rural areas complicates real-time data collection and 
monitoring, hindering the effectiveness of traceability efforts [17]. 

The essence of these problems is therefore that despite the introduction of several animal traceability 
systems and platforms, there are still few to no efficient solutions both to the usage of the systems and 
the animal data. In general, the methodologies used for animal traceability are not effective and are not 
gaining the results they should be. Both Dooley et al. [18], and Magliulo et al. [19] say the complexity 
of the traceability systems that exist has been a drawback; they are limited in input data, meaning only 
critical events are given attention. The identifiable common challenges of the systems include 
interoperability, integration, regulatory compliance, data that is complete and accurate, and a stable 
technology infrastructure. The main challenge is interoperability.  

Power et al. [20] define interoperability as a means for two or more systems that are independent to 
perform the exchange of information, and interaction in a meaningful way. Moreover, use the exchanged 
information to achieve their objectives. The EU concurs that interoperability with technology can help 
organizations communicate towards reaching mutually beneficial goals [20]. This will involve an 
exchange of data through the systems to share information and knowledge. According to Koncová and 
Kremeňová [21] the interconnection of interoperable systems is important because it provides efficient 
communication, data protection, productivity increased, consistent data, timely data, costs reduced, 
error rate reduced, and time for obtaining data reduced.  
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1.3 The case of Botswana 
The main animal traceability system being used in Botswana is called the Botswana Animal 
Identification and Traceability System (BAITS). However, at the inception of animal traceability 
systems in Botswana, the first system introduced was called the Livestock Identification Trace-back 
System (LITS). According to Oladele and Jood [22] LITS was introduced in Botswana to carry out the 
registration and identification of individual cattle in 2001. The sole purpose of developing LITS was to 
fulfil the mandated EU requirements for exportation by monitoring diseases and cattle traceability from 
farm to fork. LITS was developed to carry out the function of animal traceability. Vallat [6] posits that 
the use of LITS around the world has increased, mostly for the provision of trade, animal production, 
and public health interventions. Lavoie and Forest [7] explain that these types of systems are useful in 
providing feedback. 

Animal traceability is used in Botswana mainly for identifying and registering cattle, issuing movement 
permits, observing and controlling disease, monitoring the cattle market, and partnering with 
international organizations. The identification and registration of cattle is conducted through the 
Ministry of Agriculture (MOA) and BAITS to track the cattle throughout their lifetime. This process 
involves farmers buying ear tags with registration numbers from MOA or Veterinary and tagging each 
cow. The ear tags are registered to the central database that is managed by MOA.   

The movement of cattle within Botswana and across the border requires documentation and an approved 
permit from the local veterinary services. This is done to make sure the regulatory requirements for 
compliance and traceability are met. The farmer has to write a movement permit application to the 
veterinary containing information about the cattle location, destination, reason for cattle movement, and 
the farmer's profile. The application is recorded and processed in BAITS by the veterinary, who then 
issues an approval or denial to the farmer.  

BAITS is useful in observing and controlling cattle disease across Botswana. One of the main aspects 
of animal traceability is preventing outbreaks of diseases like FMD. Power et al. [20] highlight the 
significant economic and social impacts the FMD had on Botswana in the trade industry throughout the 
years. He further states that the recurrence caused some farmers to illegally traffic cattle from South 
Africa. The challenge is that the FMD virus stays alive even after the cattle have been slaughtered and 
processed. The country has implemented multiple measures for prevention and controlling the spread 
of disease. The first is mandatory reports of diseases in cattle, campaigns that support vaccination, and 
protocols on quarantine. The data from BAITS will facilitate identifying and tracing the diseased cattle 
movement, promote interventions for the diseased cattle, and mitigate to prevent the risk of disease 
outbreaks.  

To maintain the integrity of the market, promote the trade of cattle and cattle products internationally, 
and assure confidence to the consumers, Botswana monitors the market. The markets are checked for 
compliance with the safety and quality standards. BAITS is used to trace the history, origin, health 
status, treatment, and export certification of cattle from farmers. The animal traceability system is also 
used to strengthen and align with the best practices and global standards. It is done to maintain good 
collaboration with its international partners. Botswana is in partnership with regional economic 
communities and the World Organization for Animal Health. The partnership magnifies the ability of 
the country to respond to transboundary diseased animals, trade facilitation, and safeguarding the health 
of the public. Altogether, the combination of registration, identification, movement monitoring, track 
and trace, disease control, the integrity of the market maintained, and international trade facilitation is 
critical to animal traceability in Botswana.  

1.3.1 Challenges Facing Botswana's Animal Traceability Systems 
Effective animal traceability systems are essential for managing livestock health, ensuring food safety, 
and facilitating international trade. At the basic level, such systems require components like animal 
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identification, information flow management, and centralized databases to store and manage data [5]. 
Botswana employs the Botswana Animal Identification and Traceability System (BAITS), designed to 
enhance livestock traceability from birth to slaughter. It mandates the use of electronic and analogue 
ear tags, ensuring accurate identification and traceability of cattle while requiring farmers to report 
movements, departures, and mortalities to a centralized database within specified timelines [23].   

LITS was replaced by BAITS to address the challenges presented by LITS. The main outcome was 
making the system less centered on the government and more farmer-centric, but none of the technical 
challenges were addressed [24]. Derah and Mokopasetso [25] acknowledge the fact that Botswana 
gained from adopting a computerized system at its inception. Even though the system was not able to 
be fully effective in managing the data. A study by Ndubo and Moreki attested to the fact that LITS, 
which is now known as BAITS, still has implementation challenges that need attention [26]. Results 
show that currently, BAITS is not enabling the exportation of beef to the EU and other countries by 
Botswana, as was intended at its inception [26].   

Despite these measures, Botswana faces numerous challenges in maintaining effective traceability 
systems. These include limited interoperability, poor data integration, and compliance with regulatory 
standards. The reliance on open grazing systems complicates accurate tracking of individual cattle and 
contributes to low productivity and elevated mortality rates in communal grazing areas [27]. 
Furthermore, foot-and-mouth disease (FMD) outbreaks disrupt cattle movement and trade, undermining 
the effectiveness of existing traceability frameworks. The annual agricultural survey revealed that cattle 
losses from theft and straying remained high, emphasizing gaps in traceability systems [28]. 

An identifiable challenge with BAITS is the absence of interoperability and standardization with the 
other stakeholders, as well as the lack of semantic knowledge and data management. Cattle traceability 
in Botswana has a range of diverse stakeholders, including veterinary services, Botswana Meat 
Commission (BMC), law enforcement, farmers, slaughterhouses, Matimela (stray animals) officers, and 
the Ministry of Agriculture. This means that achieving seamless data exchange and coordination is 
increasingly complex. However, only veterinary services and the Ministry of Agriculture have access 
to the system and its data. For example, the government of Botswana still spends handsomely on the 
collection and maintenance of “Matimela” – stray animals in many kraals around the country.  

This is to say, despite each animal being tagged, branded, and its data being stored on these systems, 
tracing and linking the animal with its owner still evades the government. This is supported by research 
conducted by Mooketsi, who states that the District Council officer at Matimela expressed concern for 
the lack of access and should be allowed to fully employ the system, instead of using separate systems 
[29]. He went further to contact the police officers, who also expressed the same concern for the lack 
of access [29]. Research findings of this study (Chapter 4) discovered that even BMC uses a separate 
system called an integrated system. The remarkable engagement that Botswana has with trading cattle 
cross-border also increases the urgency for animal traceability systems that are interoperable. 
Furthermore, the data from animal traceability is compromised by the absence of standardized 
interoperable protocols. Absenteeism is distressing to the privacy and security of data. The are five main 
stakeholders that are involved in animal traceability, the stakeholders along with their roles are listed in 
Table 1. 

 

 

 

 

 



5 | P a g e  
 

Stakeholder Role 

Farmer  Animal traceability helps a farmer monitor the 
movement, health, and origin of their livestock, 
enabling better disease control, record-keeping, and 
market access. 

Veterinarian Animal traceability enables a veterinarian to quickly 
access an animal’s health history, movement records, 
and origin, facilitating accurate diagnosis, treatment, 
and disease outbreak management. 

Ministry of Agriculture Animal traceability allows the Ministry of Agriculture 
to monitor livestock movements, ensure food safety, 
control disease outbreaks, and support policy-making 
through reliable and timely data. 

Local Administrative Authority (Matimela) Animal traceability helps the Local Administrative 
Authority identify the owners of stray cattle, manage 
their return or relocation efficiently, and reduce 
conflicts and public safety risks. 

Botswana Meat Commision Animal traceability enables the Botswana Meat 
Commission to verify the origin, health status, and 
movement history of livestock, ensuring compliance 
with export standards and maintaining international 
market confidence. 

 Table 1 Animal Traceability Stakeholders and Their Roles.  

The Performance of Veterinary Services (PVS) evaluation report by the World Organisation for Animal 
Health highlighted critical challenges in animal traceability that remain relevant more than 10 years 
later, such as inadequate infrastructure and resources, limited veterinary personnel, and high costs of 
physical barriers for disease management [30]. Addressing these challenges requires investments in 
modern traceability systems, enhanced disease control, and stakeholder coordination to improve the 
sector's competitiveness and market access. 

To effectively address these challenges, Botswana must focus on implementing an interoperable animal 
traceability system and initiating interoperability standards. Ensuring public health, safety and trade 
facilitation at the same time, advancing economic growth and sustainable agricultural practices. The 
advancement in technology has emerged as a favourable technology for solving interoperability and 
standardization challenges in animal traceability.  Ontologies are arguably the best way to manage data, 
in terms of information integration, interoperability, scalability, and knowledge management [31]. This 
emphasises that ontologies play a key role in the organization and interpretation of data that is complex 
across domains. They contribute a formal and shared conceptualization of a domain that allows a shared 
understanding to facilitate data integration, reuse, and exchange. Furthermore, ontologies provide good 
capabilities for data management in the context where scalability, semantic clarity, and integration are 
the main focus. However, they are effective depending on the domain requirements, resources available, 
and data. Ontologies can offer a robust solution for a specific context and cannot be seen as an approach 
that fits everything.  

1.4 An Introduction to Ontologies 
Ontology is defined by Gruber [32] as a set of representative primitives with which to model a domain 
of knowledge. These primitives are classes, attributes, and relationships [33], [34], [35], [36]. Brusa et 
al. [37] also defines ontology as a dictionary of terms that are formulated into a canonical syntax with 
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mutually acknowledged definitions, with the design to yield a taxonomical framework for the 
representation of knowledge shared by multiple communities of information systems. For the 
development of ontology, there is a need for ontology class definitions, taxonomic hierarchy 
arrangement of the classes that is the subclass and superclass, slots definition, a description of values 
allowed in the slots then filling the slots with the various values [38]. Ontologies are designed for the 
development of multiple applications that enable the reuse of knowledge from the created domain 
representation [39]. 

Brinkmann and Kvale [40] also, define ontology as a dictionary of terms that are formulated into a 
canonical syntax with mutually acknowledged definitions, with the design to yield a taxonomical 
framework for the representation of knowledge shared by multiple communities of information systems. 
For the development of ontology, there is a need for ontology class definitions, taxonomic hierarchy 
arrangement of the classes, which includes subclasses and superclasses.  Attributes that are associated 
with a concept are traditionally called slots in a frame-based ontology, according to Nguyen [35] 
however, in the modern web-based ontology, the term property is used to define the attributes (data 
properties and object properties). Different types of development tools have been created to use in 
ontology development. Among them are Protégé, OntoEdit, Ontolingua, and Duet [35]. Nguyen [35] 
classifies ontologies based on the purpose they fulfil, which is in the assistance of human agents’ 
communication, in the improvement of process and quality in engineering software systems and 
achieving interoperability as challenging as it may be. 

1.4.1 Benefits of Ontologies 
A description of the word ontology is a data schema that is a conceptual representation of specific 
domain entities with their relationships in terms of classes and relations [39]. Sequeda and Miranker  
agree that ontologies work as conceptual models with a description of the interested domain [41]. 
Ontologies use logic-based language for machine-readable representation, allowing formal definition 
of the semantics of ontology concepts [39]. The stored information in the ontology is easily interpreted 
and reasoned by the computer. Ontologies' main advantage is the provision of interoperability; they are 
the best to use to solve the lack of interoperability in animal traceability. Furthermore, the ability to 
provide semantic interoperability assists in multiple systems understanding information in a meaningful 
and accurate way even though the structure, vocabulary, and format in different. Berg explains that the 
focus of semantic interoperability is to ensure data is utilized and interpreted correctly between the 
systems, by using vocabularies that are standardized, accurate interpretation by data models, 
integrations, and data utilization between the various applications and domains [42]. Which will all be 
possible through the use of ontologies. Ontologies will promote efficiency, innovation, and flexible 
systems that allow the integration of new technology into existing systems.  

The power of ontologies over other traditional data structures (e.g.  databases) is inference; the ability 
to reason about data. Ontologies follow the open world assumption - the lack of knowledge does not 
automatically mean it is false. Therefore facts not explicity stated can still be true. While databases on 
the other hand follow the closed-world assumption – anything not explicitly stated to be true is false. 

This research proposes an interoperable Ontology-Driven Framework for Animal Traceability (ODF-
AT) as a guide to the development of effective and practical animal traceability platforms to solve the 
gaps of poor interoperability and standardization of vocabularies in current frameworks for animal 
traceability, with Botswana as a case study. Ontologies are said to be the best way to manage data, in 
terms of information integration and knowledge management [43]. They address both human and 
machine challenges since, by definition, they are machine-readable formal representations of a domain 
of discourse [39]. The most identifiable impact of such a framework is the interoperability of animal 
traceability stakeholders with an effective ontology knowledge management system. Also, the enabling 
of value derivation from animal traceability data will facilitate the reuse of the data and create new 
business opportunities. The opening up of such data would, for example, help drive a budding 
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innovative “apps economy” and make a significant contribution towards driving Botswana closer to its 
vision of a diversified economy – one that is knowledge-driven as opposed to one that is dependent on 
natural resources.  

The technological infrastructure plays a crucial part in the success and proficiency of animal traceability 
systems. To achieve high-performing systems that yield desired results and gain high profits for farmers 
and countries, the first step is to evaluate and take action on the infrastructure.  Research supports this 
by stating that a technology strategy of implementing good technology infrastructure brings significant 
and positive effects to the performance of the company, achieving highly valuable products [44]. This 
research develops a novel ontology from scratch for animal traceability. The development of the 
ontology for animal traceability was constructed using the ontology methodology called 
METHONTOLOGY. The choice for METHONTOLOGY was based on the comparison of ontology 
methodologies carried out [45]. The research showed that all development activities are supported by 
METHONTOLOGY and only partially supported by one, whereas there is less support for the ontology 
development activities by all the other methodologies.   

 According to Gómez-Pérez et al. and Khondoker, the development of ontologies is a time-consuming 
and complex task, and even more so when the developer implements it from scratch without a tool to 
support it [46], [47]. Ontology editor Protégé is described as a tool that permits users to define instances, 
concepts, and relations [34]. Alatrish says that Protégé is a user-friendly ontology development tool 
with advanced features for collaboration and cooperation [48]. It offers a customizable interface layout 
and visualization, allowing for viewing, zooming, and pruning of graphical taxonomy, unlike tools like 
Swoop, which lack a help function. Swoop, TopBraid Composer, OntoTrack, and protégé are among 
the six tools used in a study by Khondoker to develop ontologies, with Protégé being the most domain-
independent and dominant tool [47]. This research chose the ontology development tool Protégé 5.1 for 
building the ontology using the ontology language Web Ontology Language (OWL). Heflin and Pan 
state that OWL is created for the support of the semantic web, and it provides exchanging and encoding 
ontologies as an international standard [49].  

An Animal Traceability ontology was evaluated using two evaluation techniques. The first evaluation 
technique is called the OntoMetric evaluation tool. Lantow states that OntoMetric is used to evaluate 
the quality of the ontology through automatic metric calculations [50]. The OntoMetric tool provided 
multiple metrics and analysis techniques for evaluating different aspects of the Animal Traceability 
ontology. The aspects of the ontology that were computed include the ontology structure, coverage, and 
coherence. The OntoMetric tool is important in helping ontology users and developers understand the 
ontology's strengths and weaknesses and have informed ideas when making decisions on the 
improvement, use, and reuse.  The second evaluation technique was conducted using Apache Jena 
Fuseki by running SPARQL Protocol and RDF Query Language (SPARQL) queries on the Animal 
Traceability ontology. It is important to run SPARQL queries for ontology evaluation because they assist 
in verifying the performance, correctness, and consistency of the Animal Traceability ontology. The 
verification process will ensure that the ontology meets the expected requirements to be used effectively 
in applications. Apache Jena Fuseki is used for its provision of a platform that is comprehensive for 
querying, managing, and ontology evaluation. Furthermore, it facilitates optimization and assessment 
for performance, scalability, and data quality of the ontology. 

1.5 Problem Statement 
This research aimed to address the existing gap in interoperable, knowledge-based frameworks for 
developing animal traceability systems and related platforms. The case of Botswana is used to provide 
an empirically validated framework based on stakeholder needs. The lack of interoperability has 
undermined the effectiveness of promising initiatives like LITS and BAITS. While these systems have 
succeeded in gathering animal traceability data, they did not offer a standardized and interoperable 
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framework that fully integrates all relevant stakeholders. Currently, these systems mainly serve only 
two categories of stakeholders (government and farmers), despite the involvement of at least five 
different categories of stakeholders, as demonstrated by our research, in the animal traceability process. 
There is a pressing need for a truly interoperable system that brings all stakeholders together within a 
unified environment, allowing them to access critical information more efficiently, without the constant 
need for veterinarian intervention for every cattle-related matter. Such a system should support reliable 
cattle identification through advanced tracking technologies that automatically feed data into the 
platform. It should also provide user-friendly interfaces in both Setswana and English, reducing reliance 
on technical terminology. Moreover, a centralized database would enhance the generation and updating 
of reports, significantly reducing processing times. By promoting knowledge management and 
information integration, this interoperable system would increase the value of collected data, leading to 
more efficient and effective animal traceability. 

1.6 Objectives 
To address the problem statement as stated above, this research has set out to achieve the following 
main and specific objectives: 

1.6.1 Main Objective 
The main objective of the research is to develop and evaluate an ontology-driven framework for animal 
traceability, contributing a novel approach to interoperable animal traceability systems design.  

1.6.2 Specific Objective 
1. To identify and analyze the limitations and challenges of current animal traceability frameworks 

and systems. 

Outcome: Limitations of current animal traceability frameworks and systems. 

2. To identify components for the design and development of the proposed interoperable 
framework for animal traceability. 

Outcome: Framework components and ontology concepts through analysis of the data collected. 

3. To design and develop an ontology-driven framework for animal traceability that enhances 
interoperability, integration, and knowledge management among stakeholders in Botswana's 
livestock sector. 

Outcome: An ontology-driven framework as a guiding principle for the development of animal 
traceability systems. 

4. To identify existing ontologies that can be reused, alternatively, in the absence of existing 
ontologies, identify an ontology methodology to develop a new ontology for animal traceability. 

Outcome: Animal traceability ontology artefact for knowledge representation to facilitate 
interoperability and reusability effectively. 

5. To evaluate the feasibility and effectiveness of the animal traceability ontology in addressing 
challenges related to disease control, food safety, and economic outcomes. 

Outcome: Evaluation report on animal traceability ontology 
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1.7 Research Questions 

1.7.1 Main Research Question 
How can an interoperable ontology-driven framework be developed to enhance animal traceability 
across diverse systems and stakeholders? 

1.7.2 Specific Research Questions 
1. What are the perceived limitations and challenges of the current animal traceability systems 

according to the main stakeholders?  

2. What are the key components of an interoperable and knowledge-driven framework for animal 
traceability? 

3. How can stakeholder knowledge be effectively captured and modelled within an 
ontology without compromising technical interoperability, to develop an animal 
traceability framework? 

4. Which ontology methodologies can be employed to align and integrate heterogeneous 
systems into a single interoperable animal traceability ontology? 

5. What is the impact of the proposed ontology-driven framework on stakeholders' 
interoperability, knowledge management, and integration? 

1.8 Significance of the Study 
Botswana's livestock sector struggles with implementing effective animal traceability systems due to 
limited interoperability, inadequate data integration, reliance on open grazing systems, and systemic 
challenges like high mortality, theft, and disease outbreaks, which collectively undermine its 
competitiveness and compliance with international trade standards. In response to these critical issues, 
this research developed an ODF-AT specifically tailored to the needs of Botswana's livestock industry. 
By addressing the limitations of existing systems, the ODF-AT enhances interoperability, standardizes 
vocabularies, and improves data integration, offering a robust framework to tackle the challenges posed 
by open grazing systems and systemic inefficiencies. This ontology-driven approach supports better 
interoperability and knowledge management among stakeholders, strengthens disease management 
efforts, and ensures compliance with stringent international trade standards, positioning Botswana’s 
livestock sector for improved competitiveness and sustainable growth. 

This research will provide a framework with identifiable components that can be further translated into 
programmable components of an animal traceability system in a given context, which can be extended 
to other developing countries. It is structured into four layers: an input layer for data collection, a 
semantic core layer for query processing, a knowledge management layer serving as a data hub, and an 
application layer for user interaction. This framework addresses gaps in scalability, data privacy, and 
standardization, aiming to improve disease control, food safety, and economic outcomes by providing 
a comprehensive animal traceability system. 

It is important to keep finding ways to automate the manual work that is being done in our everyday 
lives. With technologies like ontologies, we can take simple information and make it more manageable 
to make the flow of work easier. Ontologies contribute to data modelling through structured knowledge 
representation, ensuring clarity and consistency across the different data sources, systems can 
meaningfully understand and exchange data, and a common framework is provided that maps data 
formats that are disparate into a coherent whole, allowing cross-platform querying. The contribution of 
ontologies to application management includes changes being made without major reprogramming to 
applications, rule-based reasoning permits applications to infer knowledge that is new automatically, 
standardized queries are used for data interaction, making the management and maintenance easier, and 
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lastly data handling rules in ontologies are modelled and enforced clearly across the applications. This 
is what we expect from the ODF-AT. Integration of the stakeholders and an interoperable system using 
OWL from the framework will ensure effective and dependable animal traceability systems.  

The research will close the gap of the lack of a framework for the design and development of an animal 
traceability system by using ontologies to make sure that the data used in the systems meets ontology 
requirements of interoperability, integration, and data reuse for producing good-quality and fit data. 
Data reuse will ensure the longevity of the data and vocabulary used in the framework for developers 
and researchers to understand and continue the research. 

The framework uses specific ontologies following certain common patterns, and most importantly, 
machine and human-readable language. This is so that the application is reusable in the world of 
research and development. The adoption of the framework by researchers to further expand and 
innovate in their area of interest will significantly add value to the body of knowledge. The developed 
animal traceability ontology in Chapter 5 of this research has been published in Figshare.com for 
developers and researchers to freely download and reuse. 

The development of the framework is expected to also draw from growing disciplines such as open data 
and the semantic web, particularly from ontologies. The research will also culminate in the development 
of an animal traceability ontology as a means of evaluating the framework. We expect a tremendous 
impact from the framework and subsequent systems developed following the framework. This will be 
a catalyst for innovation and the creation of new technological products in the animal traceability 
industry. While this will also contribute towards Botswana getting closer to the vision of a knowledge-
based economy, it will also facilitate Botswana’s conformance to market (EU) requirements. 

The most identifiable impact of the proposed framework is the enabling of value derivation from animal 
traceability data, which will facilitate the reuse of the data and create new business opportunities. The 
opening up of such data would, for example, help drive a budding innovative “apps economy” and make 
a significant contribution towards driving Botswana closer to its vision of a diversified economy – one 
that is knowledge-driven as opposed to one that is dependent on natural resources.  

1.9 Contributions to this study 
The main contribution of this study is the proposed ontology-driven framework for animal traceability 
and the developed animal traceability ontology. The animal traceability ontology is published online on 
Figshare. The ontology evaluation report based on two types of evaluation techniques is presented in 
Chapter 6 of the thesis. The multiple contributions of this research are further discussed in this section.   

1.9.1 Main Contributions 
The ODF-AT is presented as a guiding principle for developing interoperable knowledge-driven animal 
traceability systems. The framework presents a structured method for developing domain-specific 
animal traceability platforms. A novel and open-source animal traceability ontology has been developed 
for animal traceability researchers and developers. The ontology is available for free download to be 
reused for further research on Figshare. 
(https://figshare.com/articles/dataset/Animal_Traceability_Ontology_ATO_for_Botswana/26826700?f
ile=48765313). A step-by-step illustration of the development of animal traceability systems providing 
main concepts, data, relationships, classes, sub-classes, and axioms.  

1.9.1.1 Metrics-based Contributions 
The contributions were analyzed and presented based on the contribution metrics, which state that a 
thesis/dissertation should answer the following questions to validate the contribution to research. What? 
When? How? and Why? [51], [52]. 

https://figshare.com/articles/dataset/Animal_Traceability_Ontology_ATO_for_Botswana/26826700?file=48765313
https://figshare.com/articles/dataset/Animal_Traceability_Ontology_ATO_for_Botswana/26826700?file=48765313
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What? - According to Whetten [52], the “What” question in a study addresses both what is new and 
why it matters. This study proposed an ODF-AT and developed a new animal traceability ontology for 
the development of animal traceability platforms (systems, applications, websites). The recent 
conferences that addressed Animal welfare were in 2016 [53]. Despite all the efforts that have been 
made by different organizations there are still major animal traceability challenges that have not been 
successfully addressed. The main focus of the organizations is on devices to monitor the animals and 
less on the management and value derivation of the animal data collected. ODF-AT introduces a new 
aspect of managing and deriving value from knowledge-based information, focusing on the data about 
the animals. The biggest value-added contribution is interoperability and integration, which will be 
initiated by the implementation of ontologies. This will take the stakeholders from having 
heterogeneous systems to an integrated and interoperable system that deals with “cattle”, changing and 
improving the current organizational operations.  

When? – The When? is based on finding the balance between parsimony and comprehensiveness [51]. 
That means that the study should find the simplest form of explanation for the evidence/solution without 
losing its effect or phenomena. Knowing when to add concepts, details, and variables that are 
understandable by people who are not specialists in the field of computer science. This study contributed 
to the body of knowledge as a whole and not just the computer science field. Firstly, it brought a solution 
to a real-life practical problem in the society, in the agricultural field in Botswana, particularly animal 
traceability. The data collected and the results presented are beneficial to understanding cattle theft, 
diseases, feeding, vaccination, computer literacy, farm employment, network connectivity in the farm 
areas, and the differences in the types of livestock farming (communal and commercial) challenges. 
The technicality of the ODF-AT proposed is broken down into details that researchers and developers 
can understand. This study went further by developing the animal traceability ontology with classes, 
data properties, objects, and individuals. The ontology depicts the contents, flow, rules, and variables 
of how animal traceability systems should look.  

How? – addresses How robust is it? How far do variables affect each other? The animal traceability 
framework needs to guide in development of robust systems [54]. Denkena et al. [55] define robustness 
as a feature of a system that will make it possible to maintain the state planned even when the system's 
behavior, components, and environment change. Zhang [56] agrees that robustness is a form of quality 
assurance for software that is analyzed rigorously and continuously designed. The evaluation of Chapter 
6 of this study contributes highly to the robustness and variable linkages of the animal traceability 
ontology. The metrics calculations and discussed results illustrate to developers and researchers the 
strengths and improvements that are necessary when developing animal traceability systems. According 
to Zhou [51] for a significant contribution, adopting a diagram that is designed with arrows and boxes 
showing relationships between the variables is necessary. The proposed ontology-driven framework for 
animal traceability in this study is presented in the form of a diagram in Chapter 5. The diagram is a 
form of boxes and arrows that shows a relationship among the variables. The diagram is a guiding 
principle for developers, showing the process that has been established in theory. Answering both the 
why? and how? factors of theory. 

Why? – Contribution is achieved if the researcher can answer Why so? and Why now? [52]. The topic 
went through rigorous research through literature review and data collection to make sure the gap 
existed and it is still relevant. Chapter 2 of this study discusses what was found in the literature about 
animal traceability, frameworks, and ontologies, presenting and analyzing the identified gaps. This 
study was conducted in the case of Botswana, which meant that the location for data collection was 
Botswana. Chapter 3 presented the analysis of the data collected, and Chapter 4 discussed the findings 
from the data. These chapters present arguments showing the gap and supporting the need for the 
proposed framework for the five major animal traceability stakeholders in Botswana. The integration 
of the stakeholders and an interoperable system is the major contribution that will bring overdue, 
effective change. The topic is very contemporary because the current animal traceability system, 
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BAITS, has recently been in the news constantly for the failures that have slowed down monetary 
production for farmers and the country. The Matimela issue is still ongoing for the government, where 
farmers are losing cattle every day, but the cattle found by the council still get sold as they cannot find 
the owners. Police and BMC still have to go to the veterinary to get information on the cattle of farmers. 
All these stakeholders are working on cattle and need similar information, but there is currently no 
system in place that integrates all of them to work and communicate as one. The proposed ODF-AT can 
be used by system developers to easily bridge this gap.     

1.10 Thesis Structure 
The rest of the thesis is organized as follows: 

- Chapter 2 presents the literature review. This presents a synthesis of current literature on the 
areas of animal traceability technologies and ontologies, intending to perform a gap analysis 
and inform the design of the framework. 

- Chapter 3 presents a description of the research methods and data analysis approaches 
followed in collecting and analyzing the data that is needed for the design of the proposed 
framework and ontology. 

- Chapter 4 provides an analysis of the data collected in Chapter 3. The concepts from this 
analysis will form a basis for the design of the proposed framework and ontology. 

- Chapter 5 provides a detailed description of the proposed framework. The chapter also 
describes the design of the animal traceability ontology. 

- Chapter 6 provides a detailed evaluation of animal traceability ontology. 

- Chapter 7 concludes the thesis and provides recommendations and limitations of the work. 
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2 CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction 
The purpose of this chapter is to synthesize the current literature in animal traceability technologies and 
ontologies, intending to perform a gap analysis and also inform the design of the framework. It is 
important to investigate the research that has been done in the three main areas that are involved in 
designing the framework, which are animal traceability, ontology, and existing frameworks in animal 
traceability and ontologies. Much research has been done on ontology and animal traceability 
individually, but not together to produce an effective framework. Merging ontology, animal traceability, 
and frameworks will produce advanced knowledge representation, interoperability, and information 
integration with quality reusable data. This section will cover what has been done in these areas and the 
relations they have with each other that make them good to merge into one framework to produce good-
quality systems. The purpose is to perform a gap analysis to justify this research. The purpose is also to 
review methods, techniques, metrics and measures that are relevant to this work to justify the selection 
of those appropriate for this research. 

2.2 Animal Traceability 
There are various types of systems and tools encompassed as animal traceability technologies that are 
used for monitoring and tracing animals during their lives. The technologies contribute to the safety of 
food, management of the supply chain, and control of disease, enabled by the technology's ability to 
identify, manage, and monitor the individual animals. Animal traceability technology examples include 
a Global Positioning System (GPS), ear tags, smart sensors, Radio Frequency Identification (RFID), 
blockchain, microchips, DNA barcoding, and biometric recognition. 

RFID is the most commonly used animal traceability technology [57]. RFID, among the other 
technologies, stands out because it is reliable, compliant with industry standards, continuously 
improving technologically, can easily integrate with other systems, and presents opportunities for 
innovation. 

RFID is a widely used technology system for animal traceability, which has emerged, shows great 
potential. It is a technology for identification that is contactless, with two main components being the 
interrogator and transponder located on the object [57]. It is said to be an automatic technology system 
that enables machines the power to identify and sense objects with the use of radio waves, and then 
record that metadata [58]. The objects here, being cattle, are attached with tags called RFID tags on a 
part of their body, usually the ear. The RFID tag acts as a reading device that reads, identifies, monitors, 
and tracks the object. The data is automatically read and updated.  

2.2.1 Identified uses and gaps of Animal Traceability Technologies 
Table 2 presents a summary of the technologies identified in research and the gaps identified. The paper 
by Resti et al. [17] discusses various technologies used in dairy recording tools, including mobile 
phones, applications, desktop applications, web applications, networks, and the Internet of Things (IoT). 
Mobile phone applications are identified as the most widely used due to their accessibility and ease of 
use, especially in regions with limited infrastructure. IoT has the potential to automate data collection 
and provide real-time information, enhancing farm management efficiency. The integration of IoT with 
other technologies, such as networks and mobile apps, is mentioned as a way to improve the user-
friendliness and effectiveness of dairy recording tools. However, challenges related to Internet 
connectivity and the need for continuous data input are acknowledged as critical factors influencing the 
successful implementation of these technologies in developing countries. 

 



14 | P a g e  
 

No. Technology Main Components Gaps Identified 
1 RFID-based methods 

integrated with infrared 
sensors and wireless 
sensor networks. [59] 

For livestock management, animal 
tracking, traceability, and animal 
behavior monitoring. 

Does not propose any new animal 
traceability technologies but instead 
reviews the existing methods and their 
applications in different animal 
tracking scenarios 

2 Technologies used in 
dairy recording tools 
include mobile phone 
applications, desktop 
applications, web 
applications, networks, 
and IoT. [17]  

Integration of IoT with other 
technologies, such as networks and 
mobile apps, is mentioned as a way 
to improve the user-friendliness and 
effectiveness of dairy recording 
tools.  

Challenges related to Internet 
connectivity and the need for 
continuous data input are 
acknowledged as critical factors 
influencing the successful 
implementation of these technologies 
in developing countries 

3 Potential application of 
blockchain technology 
in animal product 
traceability systems. 
[60] 

Provides a decentralized, secure, 
and transparent method of recording 
and sharing data across the entire 
production chain, from farm to 
consumer. 

 Does not propose any new blockchain 
technologies; rather, it compiles 
existing knowledge and examples 
from the literature to illustrate the 
benefits and challenges associated 
with adopting blockchain for animal 
traceability 

4 Animal Traceability 
System for Botswana. 
[61]   
 

Developed to replace the BAITS 
system in Botswana. 
The main aim was to provide 
objective performance information 
for the beef industry for the 
improvement of economic and 
genetic beef production efficiency. 
3 specific objectives. 

1. On-the-farm and on-the-
station evaluations 

2. Quality of the carcass 
evaluation 

3. The facilitation of the 
implementation of a new 
act. 

 

Absence of interoperability. 
Absence of any standardization. 
No suitable structures to handle and 
weigh cattle at the farm. 
Lack of record-keeping. 
Lack of animal identification by 
farmers. 
Farmers did not comprehend the 
benefits of record keeping. 
Lack of data collection at the farm, 
and no manpower. 
No database was developed to manage 
the data. 
Farmer's participation declined during 
schema trials. 
The switch from BAITS to LITS only 
accommodated one stakeholder. 
Still have identification problems with 
ear tags. 

5 Cloud-based livestock 
monitoring system 
integrated with 
Blockchain technology 
and RFID sensors. [62]  

Early detection and monitoring for 
abnormal behavior and infections 

Technology integration challenges. 
Lack of information dissemination 
and data fusion. 

6 Internet of Things. [63]   Real-time observation of an 
individual animal’s production, 
health, environmental effects, and 
welfare. 
Detection of small significant 
change patterns of behaviour in 
cattle. 

Cannot be used in farms with no 
network or internet connectivity. 
The data recorded focuses only on the 
health of the animal. 

7 Pasture-based livestock 
system. [64] 

Monitoring the behaviour of cattle 
and pasture management. 

The low battery lifespan of the device, 
it would not be able to provide long-
term functionality. 
The management of data in the open 
fields is not effective. Farms with no 
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signal reception for the internet cannot 
work with the technology. 

8 Proposed ontology tool. 
[19]   

Integration of heterogeneous 
databases. 
Facilitation of interoperability 
 

Unreliable because not been 
developed and tested yet. 

9 Proposed Machine 
learning tool. [65] 

Trace elements for animal 
fingerprints and classification 
models obtained as tools for the 
establishment of reliable traceability 
systems. 

It is a concept that has not been 
implemented to test its functionality 
and effectiveness. 

10 Proposed face 
recognition tool. [66]   

Curb disease outbreaks.  
Improve false insurance claims in 
agriculture.  
Uses image analysis technology 

It is a proposed idea that has not been 
developed to test the accuracy and 
reliability. 
 

 Table 2 Animal traceability technologies. 

Pereira et al. [59] identified various RFID-based methods used for livestock management, animal 
tracking, traceability, and animal behavior monitoring. Passive UHF RFID tags are the most common, 
due to their cost-effectiveness and ease of use in tracking cattle and other mammals. RFID is often 
integrated with other technologies like GPS and cameras to enhance tracking accuracy and provide real-
time location data, which is particularly valuable for monitoring animal movement and behavior in large 
or remote areas. Other integrations include infrared sensors and wireless sensor networks, which help 
gather additional health and environmental data, facilitating comprehensive monitoring systems. The 
paper does not propose any new animal traceability technologies but instead reviews the existing 
methods and their applications in different animal tracking scenarios. 

A review paper by Zanetoni et al. [60] investigates the potential application of blockchain technology 
in animal product traceability systems, highlighting its emerging role in ensuring food safety and 
quality. Zanetoni et al. [60] emphasize that blockchain can provide a decentralized, secure, and 
transparent method of recording and sharing data across the entire production chain, from farm to 
consumer. By doing so, blockchain addresses key concerns such as traceability, transparency, and 
consumer trust, which are increasingly important in food supply chains. The review identifies various 
use cases where blockchain has been implemented or proposed, such as in the tracking of beef, milk, 
eggs, fish, and pork, showing its versatility across different types of animal products. However, this 
review paper does not propose any new blockchain technologies; rather, it compiles existing knowledge 
and examples from the literature to illustrate the benefits and challenges associated with adopting 
blockchain for animal traceability. 

Modisa [61] discovered that the traceability system in Botswana was not effective and not beneficial to 
all the stakeholders involved. The traceability system was initiated by the government of Botswana in 
2001 as the LITS system, which was only done to facilitate the new EU import regulations. LITS had 
too many challenges being fully funded by the government, other stakeholders having a limited role, 
the bolus for identification not being visible, the updating of the central database being prolonged, and 
bolus recycling causing inaccurate data [61]. The government of Botswana then revised LITS with 
BAITS. BAITS is supposed to be more farmer-centric, with better monitoring of animal and public 
health, costs not fully dependent on the government, replaces bolus with ear tags, farmers buy ear tags, 
and also bear the costs [61]. A proposal by [61] is for a national beef performance testing and recording 
schema as a better option for animal traceability in Botswana. The national schema proposed is based 
on three objectives: On-the-farm and on-the-station evaluations, Quality of the carcass evaluation, and 
the facilitation of the implementation of a new act. Trials of the schema were carried out, but were not 
successful. There were no suitable structures to handle and weigh cattle at the farm. Farmers had no 
record-keeping methods, so no history to follow. Lack of animal identification by farmers, most of 
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whom did not have ear tags. Farmers did not comprehend the benefits of record keeping. The scheme 
had lack of data collection at the farm because there was no manpower. No database has been developed 
to manage the data he collected. Farmer's participation declined during schema trials [61]. The schema 
ended at the research phase.  

The prevalent danger from livestock infectious diseases could cripple economies, not to mention the 
uncertainty of food supply for the world [62], [67]. An approach that has shown promising results is 
cattle traceability, being able to monitor and track cattle from birth to fork will help in identifying 
diseases early and acting at early stages. Yang et al. [62] say that the existing systems have so far not 
been able to fully address the challenges, although RFID is widely used and promises good results. The 
systems give information about cattle that is basic and are vulnerable to hackers. The recommendation 
[62] is to use a cloud-based livestock monitoring system with a combination of Blockchain technology 
and RFID sensors, for humidity, movement, and carbon dioxide. The system will be able to detect and 
monitor cattle for abnormal behaviour that is infection-related early. Blockchain and cloud computing 
provide communication that is secured through a cryptographic blockchain system with the cloud 
server.  

Yang et al. [62] believes the solution is Blockchain, but [63] Precision Livestock Farming (PLF) found 
that adopting not just one technology but multiple, like the Internet of Things, was a better approach for 
animal traceability. PLF is explicated as the unceasing real-time observation of an individual animal’s 
production, health, environmental effects, and welfare [63]. The PLF has, over the years, advanced its 
technologies borrowing from the fields like Internet of Things, internet access, information and 
communication, and wireless communication. It supports farmers with non-intrusive and objective, 
endless data collection [63]. The Authors further state that it provides the ability to detect small 
significant change patterns of behaviour in cattle, which assists the decision management of farmers, 
reduces in workload, and less theft of cattle.   

A review of PLF focused on pasture-based livestock systems in monitoring the behaviour of cattle and 
pasture management  [64]. The review showed great strides in using PLF for pasture management, 
which agrees with the review from [63], [68]. Like the other traceability tools, it is not without its 
challenges. The first challenge is the battery lifespan of the device, which would not be able to provide 
long-term functionality. The management of data in the open fields is not effective. Lastly, farms with 
no signal reception for the internet present a problem with some of the technology used [63]. 

The traceability system’s key factors, as delineated, include the ability of information sharing and 
integration in the supply chain [19]. Magliulo et al. [19] agrees that Bailey et al. [64] traceability systems 
have great benefits to farmers and consumers. For example, the ease and cheaper crisis management for 
businesses, but there are challenges present. Just like Cao et al. [8], and Magliulo et al. [19] found that 
the current systems have challenges to overcome. Magliulo et al. [19] proposed an ontology tool to 
overcome the integration challenges, dissemination of information, and data fusion. 

An ontology tool is presented by Magliulo et al. [19] as what He believes is the best solution for the 
traceability challenges. Ontologies are a favourable choice because of their effective techniques in 
information modelling and management [19]. The traits of information modelling and management of 
ontologies were applied to the dairy industry. The ontologies are independent of the data model’s lower 
level, which provides for the integration of heterogeneous databases. This also allowed the facilitation 
of interoperability between the disparate systems. Furthermore, providing services that are knowledge-
based [19]. However, the ontology tool is a proposal, and no implementation has been carried out. 

Machine learning is one of the technologies found could be feasible in the success of animal traceability 
[65]. Fernandes et al. [65] proposed the use of trace elements for animal fingerprints, and classification 
models obtained as tools for the establishment of reliable traceability systems. The classification models 
will be modelled from the different machine-learning approaches. Animal traceability is a domain that 
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still has so many challenges that many researchers are adopting what seems like any feasible approach. 
Xu et al. [66] and Kumar et al. [69] have proposed the use of animal face recognition for the first step 
of traceability (animal identification). They believe individual animal identification is a major factor in 
traceability to curb disease outbreaks and reduce false insurance claims in agriculture. Image analysis 
technology is the approach proposed by Xu et al. [66] to carry out facial expression and identification 
of cattle. His paper evaluated the possibility of what they call “a cutting-edge object detection 
algorithm” [66]. Kumar et al. [69] present a multi-resolution algorithm for cattle face recognition. The 
algorithm will use Local Binary Patterns and Speeded Up Robust Features provided by the Gaussian 
pyramid levels to perform the facial recognition. From the tests they performed, the algorithm showed 
an accuracy of identification of 92.5% of cattle faces database from the 1200 images of cattle that were 
collected [69]. Both approaches are promising great results in solving cattle identification challenges, 
but the true results will show when they are put to the test in real-world scenarios.  

Juan and González-Vaqué [70] suggest the use of blockchain technology for enhancing animal 
traceability within the food supply chain by providing a secure and transparent way to record and verify 
each step in the production and distribution processes. Blockchain’s decentralized ledger system ensures 
that data related to animal origins, health records, and movement is tamper-proof and easily accessible 
to all stakeholders, thus improving food safety and quality control. By enabling real-time tracking of 
animals from farm to fork, blockchain helps meet regulatory requirements and consumer demands for 
transparency in the supply chain. The technology's capacity to create a permanent and verifiable record 
of transactions makes it a reliable tool for preventing fraud and ensuring compliance with food safety 
standards. Overall, blockchain offers an efficient, scalable, and trustworthy solution for enhancing 
traceability and accountability in the animal agriculture sector. 

García-Infante et al. [71] investigated the effectiveness of machine learning algorithms as tools for meat 
traceability, specifically to classify Spanish Mediterranean lamb carcasses based on production systems. 
The study evaluated six different algorithms, namely, artificial neural networks (ANNs), decision trees, 
k-nearest neighbors (KNN), naive Bayes, multinomial logistic regression, and support vector machine 
(SVM), using datasets that include organoleptic, sensory, and nutritional traits of lamb meat. The ANN 
and SVM algorithms demonstrated the highest accuracy in categorizing lamb production systems, with 
the ANN achieving accuracy scores of up to 0.88. In contrast, the KNN algorithm showed the lowest 
performance, with accuracy scores of 0.54 or lower. The study highlights the potential of machine 
learning tools to enhance the traceability and classification of meat products, suggesting that their use 
can improve transparency and consumer confidence in the meat industry. Using machine learning 
algorithms to enhance meat traceability aligns with our research's goal of improving animal traceability 
systems by demonstrating the importance of advanced technological tools for ensuring food safety, 
quality, and consumer trust. 

Gbashi and Njobeh [72] explored the potential application of artificial intelligence (AI) and machine 
learning (ML) for enhancing food integrity and, specifically, animal traceability. The authors examine 
how AI and ML can automate and improve the accuracy of tracking and monitoring livestock 
movements, health status, and environmental conditions. The review highlights various AI and ML 
techniques, such as predictive analytics, image recognition, and anomaly detection, that could optimize 
data collection and decision-making processes in animal traceability. The paper also discusses the 
integration of these technologies with existing systems to enhance data management, provide real-time 
insights, and improve food safety and disease outbreak response. do not develop any new technologies 
for animal traceability based on AI and ML; instead, they focus on reviewing existing research.  

Navia et al. [73] reviewed various sensor technologies used for monitoring the vital signs of livestock, 
emphasizing applications that enhance animal health and welfare. The study identified long-range 
communication technologies such as LoRaWAN as the most common for transmitting data from sensors 
monitoring parameters like movement, geo-location, body temperature, and heart rate. Short-range 
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technologies like Bluetooth and WiFi are also used, often in combination with long-range systems for 
better coverage. The paper suggests opportunities for developing more comprehensive sensor solutions 
that enhance traceability by providing continuous location data and robust communication capabilities. 
It also emphasizes the need for integrating energy-harvesting technologies to improve the autonomy 
and sustainability of these traceability systems. 

León et al. [74] evaluated the effectiveness of handheld Near-InfraRed Spectroscopy (NIRS) as a non-
destructive tool for traceability and authentication of the ageing process in Angus beef steaks. Using 
partial least squares-discriminant analysis, the study demonstrates high accuracy in distinguishing 
between aged and non-aged beef and predicting refrigeration storage times, with over 90% accuracy in 
external validation. This research suggests that NIRS technology could be valuable in digital 
transformation strategies for meat supply chain traceability, ensuring product authenticity and 
enhancing consumer trust. The paper highlights the importance of advanced, non-destructive 
technologies for ensuring authenticity and enhancing traceability, which aligns with our goal of 
developing interoperable and standardized traceability systems for the livestock sector. 

2.2.2 Animal Traceability Frameworks 
Füzesi et al. [75] proposed a framework for animal traceability. The study introduces the concept of a 
Digital Business Ecosystem (DBE) as a potential solution to improve traceability and information 
exchange in the meat industry. The DBE framework is designed to create an Internet-based environment 
where businesses can efficiently interact, share data, and implement traceability methods. This approach 
emphasizes using modern technologies like barcodes, RFID, and XML-based information integration 
to ensure continuous and reliable traceability across different stages of the meat production and supply 
chain. The DBE framework aims to address interoperability challenges and promote standardized 
practices, which are essential for effective animal traceability. 

The framework for animal traceability is structured around key components, including the identification 
of traceable resource units (TRUs), a centralized database to store and manage data related to these 
TRUs, and an information flow mechanism that facilitates the collection, processing, and inquiry of 
traceability information [5]. The framework aims to ensure effective tracking of animals from their 
origin to the final product, enhancing transparency and compliance with health and safety regulations. 

Marinello et al. [76] presented a framework for a traceability system specifically designed for the animal 
product supply chain using blockchain technology. This framework aims to enhance the transparency, 
security, and efficiency of tracking animal products from their origin to the end consumer. By utilizing 
blockchain's decentralized and immutable nature, the proposed framework ensures that data related to 
animal health, feed, and movement is securely recorded and easily accessible by all stakeholders in the 
supply chain, including farmers, regulators, and consumers. This approach is intended to improve food 
safety, comply with regulatory requirements, and increase consumer trust by providing verifiable and 
tamper-proof information. 

Addo-Tenkorang et al. [58] proposed a conceptual framework for advanced animal traceability using 
Internet of Things (IoT) technologies to enhance supply chain management. The framework integrates 
RFID technology, solar-powered electronic tags, GPRS, GSM, and Google Earth to track animal health, 
birth records, ownership history, and location. By employing a cloud-based architecture, the framework 
aims to provide a low-cost solution for farmers, addressing vulnerabilities such as stock theft, straying 
animals, and inadequate health management. This IoT-driven approach promises to improve visibility 
and data transmission across the supply chain, contributing to better management practices in animal 
husbandry. The proposed system highlights the potential for digitization to add value to agricultural 
businesses, especially in free-ranging environments in Africa. 
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Chen et al. [77] presented a mobile solution for pork traceability using 2D barcode technology, focusing 
on improving food safety and quality in China’s pork supply chain. The system enables the collection, 
transformation, and delivery of traceability information from breeding to retail, integrating seamlessly 
with government supervision systems. It offers a cost-effective alternative to RFID by utilizing batch-
based traceability rather than individual animal tagging, making it accessible for smaller-scale 
operations common in China. The implementation in Jilin Province demonstrated enhanced 
transparency and credibility of pork traceability, promoting consumer confidence and regulatory 
compliance. This approach is relevant to our research on animal traceability technologies as it illustrates 
the successful application of mobile and barcode technologies to create an effective and scalable 
traceability system. 

A framework for animal identification and traceability using AI-based muzzle recognition technology 
utilizes deep learning algorithms and convolutional neural networks to analyze unique muzzle patterns 
of bovine animals, providing an accurate and cost-effective alternative to traditional methods like ear 
tags [78]. Key components of the framework include muzzle detection, face alignment, feature 
extraction, and pattern recognition, which collectively enable the precise identification of animals. The 
system integrates a mobile application interface for capturing and uploading images, along with a 
MySQL database to store image links and identification numbers, ensuring efficient data management 
and verification. By leveraging open-source technologies and ensuring cross-browser compatibility, the 
proposed framework offers a scalable and field-friendly solution for enhancing animal traceability in 
various applications such as farm management, disease control, and livestock insurance. 

A "butcher-to-farm" traceability framework designed for smallholder pig systems in Western Kenya 
aims to enhance disease control, food safety, and production efficiency [15]. This framework integrates 
the use of coded plastic ear tags to uniquely identify pigs, with records of pig movements, health events, 
and sales maintained by farmers, traders, and slaughterhouse operators. The system integrates data 
capture and database management technologies to ensure accurate tracking from the farm through to 
the slaughterhouse and butcher shops. It emphasizes the importance of involving local veterinary 
authorities and stakeholders to implement and maintain the system effectively. The traceability 
framework is intended to facilitate early detection and containment of diseases like African swine fever 
and cysticercosis, thereby improving public health and potentially opening new market opportunities 
for smallholder farmers. 

A conceptual framework for animal traceability, suggested by Mwanga et al. [11] as a result of a 
literature review, it integrates various components, including electronic record-keeping, RFID 
technology, and mobile devices, to track and manage livestock data effectively. It involves a centralized 
system that allows data collection at the farm level, which is then transmitted to local and national 
databases for comprehensive tracking. RFID tags and sensors are used to monitor animal movements, 
health, and other critical information, enhancing traceability from farm to fork. The framework also 
incorporates mobile applications for farmers to input and access data easily, facilitating real-time 
decision-making and compliance with international traceability standards. This integrated approach 
aims to improve disease control, food safety, and marketability of livestock products by ensuring 
accurate and reliable animal identification and record-keeping throughout the supply chain. 

Tripoli and Schmidhuber [79] introduced a framework for optimizing animal traceability using digital 
technologies like IoT, blockchain, AI, and big data analytics to enhance efficiency, accuracy, and 
security. The framework includes electronic identification (EID) methods and digital ledger 
technologies (DLTs) to securely store and share data across the supply chain. AI and predictive analytics 
are used for monitoring animal health, detecting diseases, and ensuring compliance with food safety 
standards. The framework also emphasizes the need for supportive policies, infrastructure, and capacity 
building to facilitate the adoption of these technologies. Together, these components aim to improve 
animal health management, ensure food safety, simplify trade, and raise consumer awareness. 
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Arvana et al. [80] proposed a blockchain-based framework for animal traceability in the agri-food 
sector, focusing on the production of Portuguese hams. The framework utilizes a multi-layer 
architecture that includes a business layer to define the supply chain processes, an integration layer for 
data collection and sharing, a cloud computing layer incorporating blockchain technology for 
decentralized and immutable data storage, and an application layer for user interaction. Smart contracts 
are employed to automate the recording and validation of transactions, ensuring data reliability and 
transparency throughout the entire product lifecycle. The system enhances traceability by capturing 
detailed information at each stage, from the animal's origin to the final consumer, making the process 
more transparent and trustworthy. This approach addresses the limitations of traditional centralized 
traceability systems, reducing the risk of data tampering and increasing consumer confidence in the 
quality and safety of meat products. 

A framework for integrating Digital Twins (DT) of livestock production into a unified digital platform 
for agricultural management is proposed by Medennikov [81]. This framework emphasizes using digital 
twins to model and monitor various aspects of livestock farming, such as feeding, milking, and breeding, 
ensuring precise traceability and management. The DT framework includes cloud-based sub-platforms 
for collecting and storing primary data, technological databases for managing farming operations, and 
a knowledge base for algorithmic management and decision-making. By integrating these components, 
the framework aims to create a holistic system that connects livestock production with other agricultural 
sectors like crop production and processing. The unified approach seeks to improve sustainability, 
enhance breeding practices, and meet global standards for food safety and environmental protection 

A framework for integrating blockchain technology into animal healthcare by Walunj and Gourkar [82] 
utilizes a permissioned blockchain platform, specifically Hyperledger Fabric, to manage various aspects 
of animal health data securely and transparently. The proposed framework involves a system design 
that includes multiple nodes representing authorized entities, such as veterinary clinics, adoption 
centers, and emergency services, with each node authenticated through a Membership Service Provider 
(MSP). Smart contracts are utilized within this framework to enforce business rules and access control 
policies, ensuring that only authorized personnel can update or view specific types of data. This 
approach aims to enhance privacy, trust, and the traceability of animal health records, contributing to 
better management of animal healthcare. 

Witt et al. [83] proposed a framework to validate the use of slaughterhouse indicators as proxies for on-
farm animal welfare and health assessments in pigs. It integrates data collected from 12 on-farm and 
seven slaughterhouse indicators, combining them into three health indices: limb health, other organ 
health, and respiratory health. The study examines the agreement between these indices across different 
production stages, such as farrowing, rearing, and fattening, to determine the feasibility of using 
slaughterhouse findings as retrospective indicators of on-farm conditions. The research shows that 
while some slaughterhouse indicators can partially substitute for on-farm assessments, complete 
replacement is not feasible, and agreement varies with the timing of assessments. Although this 
framework does not currently incorporate ontologies, an ontology-driven approach, as proposed in our 
current study, could significantly enhance data integration, consistency, and semantic interoperability, 
leading to more robust and scalable animal welfare monitoring systems. 

2.2.3 Animal Traceability in Botswana 

2.2.3.1 Livestock Production in Botswana 
Agriculture is a vital component of livelihood for many people in Botswana, even though it contributes 
only around 2% to the country's GDP [84]. The sector is primarily dominated by livestock production, 
especially cattle, which constitutes roughly 80% of the agricultural GDP [84]. Botswana’s beef heritage 
is deeply intertwined with its socio-economic and cultural history, highlighting the importance of cattle 
as both a livelihood and a symbol of identity [85]. The country's free-range, grass-fed beef is known for 
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its high quality and unique flavor [86]. Botswana cattle production systems employ technologies like 
electronic rumen boluses for traceability to ensure compliance with stringent international market 
standards. 

The Ministry of Agricultural Development and Food Security, commonly known as the Ministry of 
Agriculture, is tasked with enhancing food security and fostering agricultural development in Botswana 
[87]. The Ministry’s efforts span several departments and parastatals, aiming to diversify the agricultural 
sector, reduce reliance on imports, enhance value addition, and promote sustainable practices. 
Specifically, the Department of Animal Production (DAP) seeks to enhance the competitiveness of 
Botswana's livestock sector by reducing reliance on imports, transferring skills and technologies, 
providing expert advice, and supporting both subsistence and commercial farmers in improving 
productivity and sustainability. A parastatal organization, the Botswana Meat Commission (BMC), 
established in 1965, aims to sustainably produce premium meat for the global market [86]. 

2.2.3.2 Development Challenges Facing Botswana 
The sharp decline in Botswana's cattle population from 2010 to 2019 is attributed to poor farm 
management, low birth rates, high mortality, and theft [88]. Climate change-induced droughts, like the 
severe 2015/2016 drought, significantly worsened these challenges, impacting both livestock numbers 
and water resources. Additionally, the number of cattle holdings dropped drastically, with over 62% of 
farmers leaving the sector, reflecting systemic issues in the sustainability of livestock farming in 
Botswana. These challenges highlight the critical need for improved management practices, the 
adoption of climate-resilient strategies, and enhanced traceability systems to stabilize and grow the 
livestock industry. 

The 2023 report by FAO includes statistical data demonstrating that livestock production in Botswana 
significantly contributes to hidden costs in agrifood systems, particularly through environmental 
impacts such as greenhouse gas emissions and land degradation, reflected in the high climate costs [89]. 
Limited access to markets and technological adoption also exacerbate inefficiencies, as does the lack of 
secure land tenure in communal grazing areas, discouraging investment in improved livestock 
management practices [90]. 

2.2.3.3 Barriers to Effective Animal Traceability in Botswana 
Animal traceability is being done in the form of devices like RFID, bolus, electronic ID, and ear tags. 
The devices have different types of sensors and chips to gather data that is required for animal 
identification and traceability. The information is later sent and stored in basic databases. In the case of 
Botswana, [4], [91] discovered that in 2001, Botswana implemented a system at the Department of 
Veterinary Services funded by the government called the LITS, which carried out animal traceability. 
After experiencing problems with the collection of data, Botswana further developed the BAITS used 
for animal record keeping and data collection, to coincide with LITS. 

The central database maintenance that Botswana used proved to be extremely poor, which further led 
to database updating delays and, henceforth, a generation of reports [92]. Boy [93] concurs that LITS 
then BAITS manages data collected from animals by sending it all to a single computerized system that 
houses the database for the data collected. Furthermore, just storing the data in a database has shown to 
be a major problem, and even the maintenance of the central database is extremely poor [91], [93]. The 
government of Botswana then employed local private companies to manage the LITS central database, 
but their services failed due to not being able to handle the capacity of the complex database which 
further led to database data lagging, loss of information, and henceforth the generation of reports and 
the system is not available online, so the farmers do not have access to the information [91].  

According to Monyatsiwa et al. [94] LITS was introduced in Botswana as a cattle computer-based 
individual animal identification system. Furthermore, a ceramic reticular bolus containing an RFID 
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microchip was used as the cattle identifier. The data is sent to a data repository called the LITS database 
that is synchronized across the country in field stations, slaughterhouses, and border points. Monyatsiwa 
et al. [94] describes the two main sub-systems in the LITS systems, the first being the core system, 
which includes a central database, applications, remote distributed data, requirements for training and 
handling, including specialized equipment. The other sub-system is the remote data capture system, 
which includes the radio frequency devices, software and database application, and the radio frequency 
ID chip that is placed in the animal.  

Botswana mainly launched LITS because of the EU regulations, but they later discovered the vast 
advantages of animal traceability using RFID, even though they have not been able to implement it. 
Animal traceability also offers the advantage of curbing cattle rustling activities, which Botswana has 
yet to curb this challenge. The stealing of animals is known as cattle rustling [57]. The results (Chapter 
4) of cattle rustling are tragic; livelihoods are affected, socioeconomic conditions are disrupted, and 
communities are left in conflict. However, veterinary and farmers are not the only stakeholders of cattle, 
there is BMC and Matimela officers who have animal traceability operations. Each stakeholder has their 
separate animal traceability system, while veterinary and farmers use BAITS, BMC uses a system called 
the integration system, Matimela office currently has a system being developed for them by BITRI, and 
the Police contacts the veterinary to get information. All stakeholders have thing “cow” in common; the 
incorporation of Ontologies will provide an interoperable, integrated, and shareable system for all 
stakeholders. An interoperable system will reduce costs, time, lagging reports, response time by 
stakeholders, and cattle theft. 

Despite the potential benefits of RFID in enhancing animal traceability and mitigating cattle rustling − 
a significant challenge yet to be fully addressed in Botswana − the integration of these technologies into 
effective management practices remains limited. The multiplicity of stakeholder-specific systems 
complicated the traceability process; veterinarians and farmers use BAITS, the Botswana Meat 
Commission (BMC) utilizes an integration system, and the Matimela1. The office is developing a new 
system, leading to fragmented and often incompatible data management efforts across the sector. An 
integrated and interoperable livestock traceability system could resolve these issues by consolidating 
stakeholder efforts into a unified framework, reducing costs, improving response times, and enhancing 
the effectiveness of anti-theft measures.  

2.3 Ontologies  
Ontologies are classified by Verdonck et al. based on the purpose they fulfil, which is in the assistance 
of human agents’ communication, in the improvement of process and quality in engineering software 
systems, and in achieving interoperability [95].  Several basic questions arise when building a new 
ontology: What type of methodologies and methods can be used to build an ontology, a new ontology 
from scratch or reusing ontologies? What type of tools are to be used for the ontology development 
process? What type of language can be used for ontology implementation? [96]. The characteristics of 
ontologies provide advanced methods for computer science to search, manage, and enrich knowledge. 
This subsection discusses and justifies the choice of methodology (METHONTOLOGY), ontology 
development tool (Protege), and use of the modern semantic web standards (OWL 2 and RDF). OWL 
2 is an ontology language used for the semantic web, used with information written in RDF. It provides 
data values, classes, individuals, and properties stored as semantic web documents 
(https://www.w3.org/TR/owl2-rdf-based-semantics/).  

The existing traceability ontology frameworks are presented, along with the main ontology components 
and gaps identified. The research gaps of the identified traceability ontologies are summarized in detail. 
This research chose to develop the animal traceability ontology from scratch after thoroughly reviewing 

 
1 Matimela - the management of stray cattle in Setswana 

https://www.w3.org/TR/owl2-rdf-based-semantics/
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the existing ontologies. This section justifies the choice of developing the animal traceability from 
scratch rather than reusing or extending an already existing ontology. The process of developing an 
ontology from scratch and the choices made are explained 

2.3.1 Ontology Development Methodologies 
Over the years, an evolution of ontology methodologies has been developed and improved throughout 
the growth of ontologies. Corcho et al. [96] relays the timeline of different ontology methodologies 
starting with the general first steps of Cyc creation by Lenat and Guha in 1990, followed by the 
enterprise ontology and Toronto Virtual Enterprise (TOVO) in 1995, based on experience gathering. 
Next, Bernaras made a presentation during the 12th European Conference for Artificial Intelligence in 
1996, showcasing the electrical networks ontology for the Espirit KACTUS project. In the same year 
METHONTOLOGY was developed, followed by SENSUS ontology in 1997, presented for building 
ontologies, after a couple of years named after the project appeared the methodology On-To Knowledge 
[96]. 

In 1994, the TOVO was developed, involving the construction of logical knowledge models for the 
ontology domain [97]. Grüninger and Fox [98] explain that they developed TOVE intending to create 
an enterprise model for the next generation, with the ability to deduce answers to queries that inquired 
about shallow knowledge of the domain. Contreras et al. [99] discovered that the TOVE ontology was 
able to represent a common-sense enterprise model. Uschold and King in 1995 proposed a methodology 
for ontology development called the skeletal methodology [100]. As stated by Uschold and King [100] 
the skeletal methodology included a few numbers of steps that they believed would be a requirement in 
a comprehensive methodology. Corcho et al. [96] lists the steps of the Uschold and King’s method as 
1. Identifying the ontology's purpose, 2. Building the ontology, 3. Evaluating the ontology, and 4. 
Documenting the ontology. In 1996, Uschold and Grüninger refined the skeletal methodology by 
including steps 1. Capture the ontology, and 2. Integration and coding of ontologies [99]. However, 
Contreras et al. [99] argues that the methodology did not have defined, practical guidelines that were 
provided for the evaluation of the ontology.   

The Kactus project showcased an ontology development methodology called the Kactus methodology, 
named after the project [101]. The Kactus methodology was presented at the 12th European Conference 
for Artificial Intelligence (ECAI’96) held in 1996, with the key objective of evaluating knowledge reuse 
feasibility for systems that were complex [99]. During the same year, METHONTOLOGY was 
introduced [101] and refined and extended [101], [102] in the following years. According to Corcho et 
al. [96] METHONTOLOGY was developed at the Technical University of Madrid in the artificial 
intelligence lab for the provision of creating ontologies from scratch or ontology reuse. Contreras et al. 
[99] describe METHONTOLOGY as a methodology that defines in detail the ontology development 
process, with great interest being the conceptualization stage that has activities of building a glossary 
of terms, concept taxonomies, binary relations diagrams, concept dictionary, description of each binary 
relation, description of each instant attribute, and description of each constant. METHONTOLOGY has 
the objective of facilitating ontology construction at the knowledge level [97]. This research chose 
METHONTOLOGY ontology development methodology to develop the animal traceability ontology, 
following the phases 1. Knowledge acquisition, 2. Specification, 3. Conceptualization, 4. Formalization, 
5. Implementation, 6. Evaluation, 7. Documentation. METHONTOLOGY provides the benefits of 
having a stable methodological rigour, including stakeholders, and adapting to real-world domains, such 
as animal traceability, with the focus on the Botswna scenario. The following tables and discussion 
justify the reason for choosing METHONTOLOGY over the other ontology development 
methodologies. 
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Activities  Uschold and 
King 

TOVE  METHONTOLOG
Y 

Brusa et al.  UPON 

Specification  √ √ √ √ √ 

Conceptualization p p √ √ √ 

Formalization p √ √ p √ 

Implementation √ √ √ √ √ 

Maintenance x x p p x 

Knowledge 
acquisition 

√ p √ √ √ 

Evaluation x x √ √ √ 

Documentation √ x √ √ √ 

√: Supported; p: Partially supported; x: Unsupported 

Table 3 Methodologies compared beside the ontology development life cycle [45] 

Choosing which methodology to adopt for the ontology development process is important to the success 
of the ontology project [103]. A comparison of the different methodologies is presented [45] in Table 3, 
based on the ontology development life cycle. Alfaifi [104] acknowledge the importance of a 
comparison of the methodologies based on the ontology development life cycle. He made a similar 
comparison depicted in Table 4. It is apparent from Table 3 that the methodology METHONTOLOGY 
is more appropriate for the ontology development process. METHONTOLOGY supports all the 
activities and only partially supports one, whereas the other methodologies have less support for the 
ontology development activities. METHONTOLOGY is accepted as the common methodology for 
developing ontologies from various domains, even though UPON is the most recently released 
methodology [45]. Furthermore, most of the methodologies do not provide essential activities for 
ontology development, like the TOVE methodology, which does not have evaluation activities that are 
important for ensuring the quality of the ontology.  

Methodology  Year  Ontology development process 

TOVE (Toronto Virtual 
Enterprise) 

1995 1) Identify motivating scenario, (2) define informal competency questions, (3) 
define the terminology of the ontology, (4) define formal competency questions, 
(5) specify the definitions and constraints on the terminology, (6) test the 
competency of the ontology 

(Enterprise Ontology) 
skeletal methodology 

 

1995  

 

(1) Identify purpose, (2) build the ontology (ontology capture, ontology coding, 
and integrating existing ontologies), (3) evaluation, (4) documentation, (5) 
guidelines for each phase 

METHONTOLOGY  1997 (1) Specification; (2) Knowledge acquisition; (3) Conceptualization, (4) 
Integration, (5) Implementation, (6) Evaluation, (7) Documentation 

Simple Knowledge-
Engineering 
Methodology 

2000 (1) Identify the ontology’s domain and scope, (2) think about repurposing current 
ontologies, (3) enumerate important terms in the ontology, (4) define the classes 
and the class hierarchy, (5) definition of properties of classes, (6) definition of 
restriction of the classes, (7) create instances 

The On-To-Knowledge 
Methodology 

2001 (1) Feasibility study, (2) Knowledge Kick-off, (3) Refinement, (4) Evaluation, (5) 
Maintenance 

Table 4 Comparison between the ontology development methodologies [104].  
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Table 4 chronologically lists by published date the different types of common ontology methodologies 
from the oldest to the newest, inclusive of the name, author, and ontology development process. 
According to Alfaifi [104] the methodologies in Table 4 have conceptually similar requirements and 
steps despite the difference in the ordering of steps. Furthermore, He gives an example of the TOVE 
methodology and Simple Knowledge-Engineering methodology, which employ “identify motivating 
scenario” in their first step, whereas Enterprise Ontology employs “identify purpose”.  The 
methodology words used for the steps are semantically similar but differ linguistically [104]. The 
different methodology comparison in Table 4 by Alfaifi [104] is similar to the methodology comparison 
in Table 3 [45]. Both authors conducted a comparison of the methodologies based on the ontology 
development activities. However, Table 3 focuses mainly on the type of support that the methodologies 
have for the main steps of the activities, whereas Table 4 concentrates on each of the specific ontology 
development processes. 

Methodology  User-
centred 
design 

Modular 
oriented 

Domain 
oriented 

Incremental 
and iterative 

Quality 
oriented 

Competency-
based 
evaluation 

Lenat and Guha 

(1989) 

No  Yes No Yes  No No 

Grüninger and 

Fox (1995) 

Yes  No  Yes  No  Yes  Yes 

Uschold and King 

(1995) Uschold and 

Grüninger (1996) 

Yes  Yes Yes  No  Yes  Yes 

Bernaras et.al (1996)  No  Yes  Yes  No  Yes  No 

METHONTOLOGY  Yes Yes Yes Yes Yes Yes 

CommonKADS  No Yes Yes Yes No No 

Noy and McGuinness 

(2001) 

Yes No Yes Yes No Yes 

NEON  Yes Yes Yes Yes No Yes 

Table 5 Ontology methodologies compared [99].  

A comparison is provided of various ontology methodologies in Table 5 based on the user-centred 
design, modular-oriented, domain-oriented, incremental and iterative, quality-oriented, and 
competency-based evaluation  [99]. Modular orientation is explained as a main factor in the 
achievement of maintenance and reutilization [99]. The grouping of domain-related terms into 
hierarchies and giving them class identities is known as domain-oriented. Contreras et al. [99] describe 
user centre as a methodology that examines unique requirements for users in defining the competency 
questions, while incremental and iterative approaches deal with a sequence of phases in the procedures. 
The last methodology criterion is quality-oriented, presented at the start of the design and used in the 
evaluation to check for success.  As depicted in Table 5, the methodology that is most complete based 
on the set criteria is METHONTOLOGY. Al-Baltah et al. and Contreras et al. [45], [99] agree that 
METHONTOLOGY is the most suitable methodology to use for ontology development from their 
provided metrics. Even so, Contreras et al. [99] states that METHONOTOLOGY has the disadvantage 
of generating an effort overload of documentation in the design and development process.  
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Bautista-Zambrana [103] suggests adopting a methodology that shows defined, ordered steps to follow 
for developing an ontology. According to Al-Baltah [45] a good ontology methodology should describe 
essential activities, how each activity should be carried out, in which order each activity should flow, 
and the techniques required to implement the ontology. Periamalai et al. [105] states that 
METHONTOLOGY provides instructions that have the most details and association with the ontology 
editors. Moreover, Bautista-Zambrana [103] advises using METHONTOLOGY as a methodology for 
ontology development because it fulfils the most criteria than other methodologies. Periamalai et al. 
[105] agree that METHONTOLOGY is the best choice due to its clear step-by-step refined process and 
detailed instructions. This research chose the METHONTOLOGY methodology to develop the animal 
traceability ontology. Using the detailed phases 1. Knowledge acquisition, 2. Specification, 3. 
Conceptualization, 4. Formalization, 5. Implementation, 6. Evaluation, 7. Documentation (5.3.2 
Ontology Development – METHONTOLOGY). METHONTOLOGY supports tools such as 
documentation templates, a checklist for evaluation, and ontology lifecycle management, which makes 
it suitable for ontology projects with the intention of being deployed in real-world systems. The animal 
traceability ontology intends to serve as an effective guiding principle for the development of animal 
traceability systems. 

2.3.2 Ontology Development Tools 
There are various ontology development tools, and the most relevant ontology development tools will 
be discussed. Ontology development tools are integrated suites used for building ontologies from 
scratch or merging existing ontologies [46]. Gomez-Perez [46] says it is important to have some kind 
of supporting tool when developing ontologies because it can be time-consuming and complex. In 
addition, the tools provide support for ontology export and imports, ontology documentation, ontology 
languages, management of ontology library, and ontology graphical edition.  

Slimani [106] explain the DUET tool as software that makes use of a simple UML profile that contains 
stereotypes that are for ontology modelling and properties. Whereas the Ontolingua tool is one of the 
first ontology development tools developed in the 1990s at Stanford University [107]. Gokhale [107] 
states that Ontolingua assists users in the creation of new ontologies and modifying already existing 
ontologies collaboratively. OntoEdit is said to be an exceptional tool that integrates multiple aspects of 
ontology engineering because it is a modern method of ontology development [106]. Corcho [108] adds 
that OntoEdit provides a flexible and extensible environment with functionality for browsing and 
editing ontologies. Ontology development tool WebOnto was developed in the UK to support the 
creation and editing of ontologies, also providing collaborative browsing [107]. Protégé is an open-
source, standalone application developed at Stanford University by Stanford Medical Informatics [108]. 
Furthermore, its main feature is being an ontology editor with multiple plugins. The OntoSauru is a tool 
described by Slimani [106] as a web browser that provides a graphical hyperlinked interface for LOOM 
knowledge bases. Slimani [106] describes the tools OILEd and WebODE. OILEd editor supports the 
development of OIL-based ontologies, whereas WebODE was constructed as an extensible, integrated, 
and scalable workbench for covering and giving support to activities associated with ontology 
development.  

A broad overview of the available ontology editors that can be used to build ontologies is provided.  A 
brief discussion of the tables is provided along with a comparison of the tools considering the differing 
properties of the editors. The tables that follow are categorized into: general description, 
interoperability, and usability, adopted from [48], [96]. 
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 Developers First release date Current released 
version and date 

Pricing policy  

Protégé SMI 
(Stanford 
University) 

Nov 1999 5.6 Oct 2014 Free and Open 
source 

Top Composer Top Quadrant Dec 2009 3.0 Apr 2012 Software licensing  

Neon NeOn Foundation  Dec 2009 2.5.2 Mar 2014 Free and Open 
source 

Fluent Edition Cognitum Service 
team 

2012 2.0 Dec 2014 Commercial 
(Software 
licensing) 

VocBench ART Research 
Group (University 
of Rome Tor 
Vergata) 

2008 3.0 Sep 2017 Free 

Table 6 General description of the developers, release dates, current versions, and pricing policy of the ontology 
tools [109], [110], [111].  

The development of an ontology is a base for knowledge-based systems, requiring standard-compliant, 
robust, and user-friendly tools. The first ontology development tool presented in Table 6 is Protégé. 
Protege is developed by the engineers at Stanford University as an open-source editor. Since its release 
in 1999, it has been continually providing updates, and it is on version 5.6.5, released in 2024. The new 
version supports RDF, OWL 2, and the integration of reasoners [110]. What makes it more flexible than 
other ontology development tools is the provision of the cloud-based extension called WebProtege. 
WebProtege is freely accessible to the public and enables ontology editing that is collaborative [111]. 
The ontology tool Fluent Editor allows developers to model using controlled natural language (A. 
Seganti), which is helpful to non-technical users in developing an ontology. However, the tool was 
released in 2012, and the last available update was in 2014 (Table 6). No recent development activity 
has been seen, which is a concern in terms of its long-term sustainability. Fluent Editor, being 
commercial, is also not user-friendly to researchers and developers who have limited funds, unlike the 
Protege tool, which is free and open source. Even though the VocBench ontology tool is open source 
and provides multilingual vocabularies, it is tailored more to the management of thesaurus and 
vocabularies [109]. Instead of providing the complete OWL 2 ontology, reasoning and engineering. It 
is best suited for collaborative ontology management and data projects that are multilingual. VocBench 
was developed in 2008 by the ART Research Group at the University of Rome Tor Vergata [109] as 
seen in Table 6. 

TopQuadrant developed the TopBraid Composer in 2009 as presented in Table 6. The tool provides 
enterprise-grade modelling of ontologies. It has the advantages of supporting SHACL, RDF, OWL 2, 
and SPARQL, that advanced. It is popularly used for semantic integration and data governance in 
industrial applications. However, like the Fluent Edition tool, it is commercial and requires a paid 
license, limiting its use to the public.  A tool that came in 2009 with great promise was the NeOn Toolkit 
by the NeOn Foundation, with funding from the EU. It enables collaborative and modular ontology 
development, advanced features such as ontology reuse, and plugin-based extensibility. Despite the 
promising start, the NeOn Toolkit has since stalled development, and recent updates have not been seen
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 [111]. This makes it inappropriate for projects that need active support and standard compliance that is 
current.  

The Protege ontology development tool is chosen by this research for the development of the animal 
traceability ontology. The Protege tool was chosen over the other tools because of the rich feature set it 
provides, the domain-specific, compatible semantic web standards, and active support. The research 
domain of animal traceability needs modelling of entities that is accurate, like cattle, farmers, animals, 
movements, farms, regulations, stakeholders, and health. These are all features that can be supported 
by SPARQL, OWL 2, and RDF in Protégé. Unlike NeOn Toolkit, which came out looking effective for 
modular ontology development, but now lacks maintenance that is recent for current OWL 2 standards. 
It cannot provide interoperability that is up-to-date as required by animal traceability. Fluent Editor was 
also not an option for this research since it had been last updated in 2014 and is commercial. Whereas, 
Protege is available for free and is maintained actively, as seen in Table 6, with the latest update in 2024. 
VocBench offers features that are convenient for taxonomy, but not enough for reasoning and formal 
semantic modelling in movement permit verification, monitoring of health, and tracking of animal 
movement. Similarly, TopBraid Composer enables features that are robust in enterprises, the inclination 
towards data integration that is required in large-scale and software licensing makes it unfeasible for 
the research-based animal traceability project. While Protege provides formal semantic modelling, 
open-source, and automatic reasoners like Pellet and Hermit [110], that ensures that the animal 
traceability ontology is consistent. These reasons justify the Protege tool as the right choice for 
developing, testing, and deploying the animal traceability ontology with its provision of a secure and 
extensible platform. It is the most suitable tool for the objective of this study to develop an interoperable, 
knowledge-driven ontology for animal traceability. 

The information presented in Table 7 is based on the interoperability of the ontology development tools 
with other ontology tools and languages, as well as the translations from and to other ontology languages 
[48]. This information is important for ontology integration in applications. The ontology-driven 
framework proposed in this study, which includes a developed animal traceability ontology, intends to 
be adopted by developers and integrated into animal traceability applications. Therefore, the 
information in Table 7 is important to understand the interoperability of the ontology environments. 
Especially since few studies compare ontology language translators in the development tool. The 
functionality to export and import to ad-hoc XML is possible with new tools, but the possibility of 
exchanging ontologies among differing tools has not been explored. Kapoor and Sharma [112] 
acknowledge the research by Corcho et al. [96] about the lack of empirical studies on exchanging 
ontologies.  

The term interoperability in ontologies means that semantic systems can interchange ontologies and 
also use them. This is made possible by the standards defined by W3C, like OWL 2 and RDF ontology 
language specification [113]. Table 7 presents a comparison of five ontology development tools 
(Apollo, Swoop, Protégé, TopBraid, OntoStudio) from Alatrish et al.‘s [48] research. It shows that most 
of the tools support importing and exporting in multiple formats, such as OWL 2, RDF, and SKOS. 
TopoBraid and Protégé can read or write ontology serializations that facilitate ontology exchanges 
between them. The import of database tables, text files, and RDF files is supported by Protégé. 
Furthermore, Protégé supports the export of converted RDF graphs and RDF. Protégé can easily 
collaborate across the different ontology development environments. For example, an ontology 
designed using OWL 2 in Protégé can be imported into the VocBench tool for vocabulary editing that 
is multilingual, after being re-exported for validation and reasoning in Protégé.  
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 Apollo  Swoop OntoEdit TopBraid 
Composer 

Protégé 2000 

With other 
ontology tools 

No No OntoAnnotate, 
OntoBroker, 
OntoMat, 
Semantic and 
Miner 

Sesame, Jena, and 
AllegnoGraph 

PROMPT, OKBC, 
JESS, FaCT, and 
Jena 

Imports from 

Languages 

Apollo Meta 
language 

 

OWL, XML, 
RDF, text 
formats 

 

 

XML, OWL, 
Excle, RDF, ULM 
2.0 database 
schemas, Outlook 
E-mails 

 

RDFa, WOL, 
XML, RDF, 
XHTML, UML, 
GRDDL, RDB 
with D2RQ, 
Microdata, Web 
Data Sites, SPIN, 
Spreadsheets, 
Oracle databse, 
text file, RDF file, 
News Feed, Email 
and Excel 

XML, 

RDF(S), 

XML Schema 

 

Exports to 

languages 

OCML nad 
CLOS 

RDF (S), OIL, 
DAML 

OWL, RDF, RIF, 
SPARQL, F-
Logic, Excel 

HTML, UML, 
XSD, Excel, 
RDB, Oracle 
database, RDF 
file, XML File, 
Text file 

OKBC syntax 

XML, 

RDF(S), 

XML Schema, 

FLogic, 

CLIPS, Java 

HTML 

Table 7 Comparison of ontology tools interoperability translations to/from languages 

 Graphical 
taxonomy 

Graphical  
prunes (views) 

Zooms Collaborative 
working 

Ontology 
libraries 

DUET Yes Yes No No No 

OILEd No No No No Yes 

Onto Edit 
Professional 

No No No Yes Yes 

Ontolingua Yes No No Yes Yes 

OntoSaurus No No No Yes No 

Protégé 2000 Yes Yes Yes No Yes 

WebODE Yes Yes No Yes No 

WebOnto Yes Yes No Yes Yes 

Table 8 Usability features of the ontology development tools [48].   
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As noted by Alatrish [48], usability in ontology development tools is closely associated with the 
availability of graphical editors, access to reusable ontology libraries, and support for collaborative 
work, as illustrated in Table 8. Both Alatrish [48] and the study presented by Kapoor and Shama [112] 
identifies Protégé as the most user-friendly tool, distinguished by its intuitive and easily navigable 
graphical interface. Protégé is further recognized for its advanced features that facilitate collaboration 
and cooperation in ontology construction  [112], making it the most frequently recommended tool for 
ontology development [48]. Among its notable functionalities are the ability to customize the interface 
layout and enhance visualization, including features such as taxonomy viewing, zooming, and pruning. 
In contrast, alternative tools such as Swoop lack fundamental support mechanisms, including integrated 
help functions, which may limit their effectiveness and ease of use [48]. 

There may be an enormous number of ontology development tools that are available and free on the 
web, but multiple studies have singled out Protégé as the best ontology development tool to use when 
developing ontologies from scratch. Khondoker and Mueller [47] carried out a study involving 
participants to find out which of the six tools was the best. His study used Protégé, Swoop, TopBraid 
Composer, OntoTrack, Internet Business Logic, and IHMC Cmap Ontology Editor ontology 
development tools. The results of the study show that Protégé is the most domain-independent and 
dominant of all the tools, with 75%, and 55.5% found protégé to be the most interesting, easy, and good 
to develop ontologies [47]. Furthermore, the participants said protégé could be learned in one month, 
and this was proved by the results, where 11 participants out of 32 completed their task in protégé in 4 
minutes. The multiple literature of ontology development tools found that all led to Protégé being the 
best tool to use. Thus, this study chose protégé as the ontology development tool for developing the 
ontologies for animal traceability. 

2.3.3 Ontology Languages 
Ontology languages are defined as formal languages that are used for the construction of ontologies in 
computer science [114]. Moreover, the languages permit knowledge encoding of specific domains with 
the inclusion of reasoning rules for processing knowledge. There are two categories of ontologies: the 
traditional ontology languages and the web-based ontology languages [115]. Su and Ilebrekke [115] list 
the first category being KIF, OCML, CycL, Ontolingua, and F-logic. The second category belongs to 
traditional and web-based, known as RDF and OWL. Kalibatiene and Vasilecas [114] explains that part 
of the language is implemented in the ontology development tools. Slimani [106] has created a summary 
of languages by presenting a comparison of the languages as shown in Table 9. The thorough 
comparison with details of how the listed languages manage to meet the presented criteria in Table 9, 
General issues, Attributes, Facets, Taxonomies, Relations, Axioms, Instances and others. The symbol √ 
means the language corresponding satisfies the requirement, and the symbol X means the language 
corresponding does not satisfy the requirement [106]. The results from Table 9 show that OWL 2 
ontology language satisfies all the requirements except for one, being named axioms.  
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Table 9 Comparison of the Ontology languages  [106].  

The semantic language called Web Ontology Language 2 (OWL) is designed for the representation of 
complex and rich knowledge about things and relations among things [116]. OWL was recommended 
in February 2004 when it was made a World Wide Web Consortium recommendation [49], [106]. Thus, 
making it compatible with eXtensible Markup Language while extending the Resource Description 
Framework (RDF) [49]. The OWL documents are usually published online to be referred to [116]. 
Hitzler et al. [116] explain that OWL 2 is useful in expressing ontologies with a complex history in 
computer science, and is useful in creating computational artifacts. Maniraj and Sivakumar [117] 
mentions that OWL ontology interprets data in the form of individuals and property assertions that relate 
the individuals to one another. Maniraj and Sivakumar [117] further describes OWL as being both a 
syntax for the exchange and description of ontologies and being able to formally define semantics that 
give meaning to them. OWL 2 is recommended for use in ontology because of proven usability and its 
ability to present the ontology in a format that is comprehensive [110]. With these multiple benefits of 
OWL 2 and RDF, this research chose to use OWL 2 and RDF ontology languages for the development 
of the animal traceability ontology. 
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2.3.4 Traceability Ontology Frameworks 
No. Framework Main Components Gaps Identified 
1 Dairy Cattle 

Performance 
Ontology (DCPO) 
Framework. [118]  

It is a unified framework that brings 
together the complex existing 
structure of a heterogeneous kind of 
dairy data. This will ensure 
extensibility to data that is external. 
The framework offers a vocabulary 
that is common for all stakeholders 
involved. 
There is a provision of knowledge 
management tools that are 
automated. 
The main focus of the ontology 
framework is modularity. 

The framework lacks explainability 
support. 
There is no data-centered ontology for 
knowledge discovery. 
Multiple ontology models have not 
been integrated to make one main 
model.  
Lack of interoperability. 
 

2 FoodOn Ontology 
Framework. [18] 
  

Framework built to focus on 
accessible and easy international 
farm-to-fork food ontology. 
It describes common cultural food 
from around the world that is 
accurate and consistent.  
It addresses the problem of data 
harmonizations that spans food 
security, quality, consumer health, 
distribution, and production 
domains. 
The framework should produce 
systems that are interoperable with 
software-driven intelligence. 
FoodOn provides the provision of 
growing production of food 
knowledge base for reasoners. 

The framework is too broad as its 
focus is on different types of cultural 
food around the world. 
It is broken into multiple ontologies, 
and there is no integration. 
Still has to refine the food product 
knowledge base for reasoners. 

3 Food Track & Trace 
Ontology Framework 
(FTTO). [119]   

FTTO is an ontology framework 
developed to manage food 
traceability. 
Food tracking along the entire 
supply chain – from farmer to 
consumer. 
Provides standardization along with 
conceptualization of food. 
Should be connected to the 
Information System for Global 
Track and Trace.  
Aims to create a food traceability 
domain inclusive of all food 
concepts ordered in a single 
hierarchy. 
FTTO has four main modules food, 
actors, products, and processes, part 
of the chain of supply. 

Does not have measures in place to 
ensure correct information extraction 
from farmers. 
Focusing on all food products will 
make a system that is complicated. 
It will not be easy to use and navigate 
with over a thousand foods to 
consider. 
Mainly focusing on the regulations of 
food quality being checked by stores 
and not consumers. 
It should involve consumers fully. 
Benefits are one part, which is 
companies and not the producers 
(farmers). 
A framework developed to work with 
an already existing system. 

4 ValueGo traceability 
ontologies. [19] 

ValueGo is a Business Process 
Modelling Ontology. 
Proposed to model the processes of 
a business at a semantic level. 

The business model so far is only 
focused on filata, one pasta out of the 
various kinds of pasta available. 
It is not efficient nor effective for a 
whole dairy supply chain. 
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Integrates knowledge of the context 
of the organization, the workflow 
activities, and the semantic web 
services.  
It is developed to specifically 
manage dairy. 
Tracing the business models and 
operations of fresh cheese pasta 
filata. 
ValueGo should be able to detect 
and then record the quality-related 
activities during the lifecycle of the 
products in a database.  
The consumer will be able to trace 
all product information. 
 

5 Ontology-Based 
Traceability System 
for Halal Status of 
Flavour: A 
Conceptual 
Framework. [120]  

Conceptual framework traces the 
Halal status of flavours for Halal for 
faster certification.  
Used to determine the source of raw 
material and the status of Halal. 
The ontology is used to link multiple 
food sources for flavour information 
representation.  
The ontology framework for halal 
traceability will be validated for 
tracing by using the flavour Halal 
status tracing system. 
The ontology framework will 
integrate references that are related 
to Halal flavouring.  
 

Ontology serves as a minor 
component of the framework.  
There is no interoperability involved, 
which is the main feature of 
ontologies. 
No description of the knowledge base 
and reasoners provided. 
Does not take full advantage of the 
opportunity’s ontologies offer.  
A conceptual framework is developed 
to aid in the design of another 
traceability framework. 
A framework developed to work with 
an already existing system. 
 

6 TraceFood 
Framework. [121] 

Food supply chain. Sector-specific 
ontologies, data element 
relationships. Standardises 
traceability data, enhances 
interoperability 

General framework, not specifically 
tailored for animal traceability 

7 MEat Supply Chain 
Ontology (MESCO). 
[122]  
 

Meat supply chain. Activities, 
actors, food products, lots, 
processes, service products. 
Enhances traceability and safety in 
the meat supply chain.  

Specific to meat, not all-inclusive for 
livestock management 

8 prFood. [123] Food provenance and contamination 
risk. Food history, contamination 
risk, and provenance. Integrates 
with existing ontologies, focuses on 
contamination risk 

Primarily safety-focused, with less 
emphasis on comprehensive 
traceability 

9 Food Supply Chain 
(FSC) Ontology. 
[124] 

Food supply chain. Supply chain 
stages, relationships, knowledge 
representation with OWL, and 
reasoning capabilities. Applicable to 
all food types, enhances semantic 
mediation 

Broad focus, not specific to livestock 
traceability 

10 Outbound Logistics 
Process-Internet of 

Food supply chain. IOT4Log for 
Internet of Things concepts, OLP-
Onto for outbound logistics 

Focused on IoT integration, with less 
emphasis on semantic detail 
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Things (OLP-IOT). 
[125]  

processes and resources, and a 
Space-Time module for 
spatiotemporal relationships. 
Support real-time monitoring, 
improve safety and transparency 

11 UHT Milk Production 
Ontology. [126] 

UHT milk production. Raw 
materials, processing, 
transportation. Integrates blockchain 
for enhanced transparency 

Limited to UHT milk production, not 
applicable to all livestock systems 

12 Ontology-Based 
Traceability System 
(Onto-Fog/Onto-
Cloud). [127]   

Interconnected supply chains. IoT, 
cloud, fog computing. Enhances 
visibility and coordination, supports 
tracking. 

General application, not specific to 
food or livestock traceability 

13 Animal Traceability 
Ontology (ATO) 

Current study. Livestock traceability 
systems in Botswana. Classes (e.g., 
cattle, farmer, disease), hierarchical 
taxonomy, object and data 
properties, formal axioms, and 
instance’s for animal traceability. 
Enhances interoperability, supports 
data integration, includes robust 
disease management, is scalable for 
small and large farms, and aligns 
with Botswana's specific livestock 
practices.  

Generalizability to other geographical 
contexts might be limited (not yet 
investigated), currently focused on 
cattle only 

Table 10 Traceability ontology frameworks 

The literature presented ontology-driven frameworks designed specifically for different aspects of 
traceability. Table 10 lists the ontology-driven frameworks' traceability. 

The Dairy Cattle Performance Ontology (DCPO) Framework 

Fuentes et al. [118] discovered that most of the data regarding animal health issues, nutrition, genetics, 
and animal pedigree are heterogeneous and complex. The organization of datasets that are complexly 
structured will require considerable data modelling. Furthermore, the whole farming process needs to 
be computerised. This inspired the domain modelling of the farming dairy process called the dedicated 
domain ontology (DONT) [118], which is the DCPO as seen in Table 10. DONT is beneficial in its 
ability to provide rich data schema, a domain expert centralized repository, and vocabulary that is 
standardized for stakeholder collaboration. The ontology traceability project was carried out in 
Canadian dairy farms. The main component is modularity. Fuentes et al. [118]  states that the ontology 
is divided into multiple aspects representing the dairy process.  The aspects are core, testing, production, 
breeding and genetic evaluation, and quality control. Figure 1 is adopted from Fuentes et al. [118] 
depicting the modular design of the dairy ontology. Figure 1 shows the ontology entities, classes start 
with uppercase letters, and the lowercase letters are the properties.  
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Figure 1 Illustration of the modular design of the dairy ontology [118]  

FoodOn Ontology Framework 

The FoodOn Ontology Framework was developed to provide food description vocabulary that can be 
used by consumers, industrial applications, and researchers, as seen in, which is the DCPO, as seen in 
Table 10. Dooley describes ontology as a resource that is made up of term hierarchy facets to describe 
the type of raw food ingredients, preservation and cooking, packaging terms, and multiple product type 
schemes that categorizes food products [18]. Figure 2 is an illustration of the FoodOn ontology 
framework [18].  

 
Figure 2 Pictorial of FoodOn Ontology [18]  

Food Track & Trace Ontology (FTTO)  

The FTTO is a framework that is proposed to be used in the future for all food traceability, as 
summarized in Table 10. The ontology is developed with a traceability semantic model for the 
reusability of existing information resources that are part of the tracing and promotion of efficient, 
accurate, and reliable information management systems [119]. Four modules make up the ontology 
framework: actor, product, process, and food [119]. Agents in the ontology have their knowledge base 
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containing information that could be expressed. Communication through the food supply chain by the 
agents happens through constructs from the FTTO ontology. The framework is designed to work with 
the Global food track & trace system as the base for FTTO, making it possible for agents to 
simultaneously communicate and cooperate while receiving and delivering messages. The main focus 
stresses Pizzuti et al. of FTTO is to act as a reference ontology model in the creation of food traceability 
ontologies in future research, to support safety control and quality [119].  

ValueGo Traceability Ontologies 

Beneficial attributes noted in using ICT-based solutions in the supply chain are the support of tracing 
and tracking products, capturing data, storing, recording, and disease tracking, with measuring variables 
in the environment [19]. The main benefit they seek is the capability to integrate and share the 
information in the food supply chain. Magliulo et al. Illustrates an ontology application used as a tool 
for modelling the business process and rules of the agricultural food chain [19]. The Bovlac project was 
used as the business case; it is a technological and scientific platform for tracing the production of fresh 
cheese.  The description of people in each stage is done through use cases, including the activities and 
roles. Tracing is done through the use cases in their supply chain macro-phases. Magliulo et al. [19] 
state that the knowledge of the interested domain can identify any significant figures in the business use 
cases.  ValueGo ontology was developed to define the business models, operations, and production of 
Pasta Filata, the fresh cheese, as illustrated in Figure 3. Figure 3 is the taxonomy of the Pasta Filata 
processes that take place in the supply chain. The business processes that are specific provision of 
detecting and recording the quality-related activities of the product lifecycle in a database. Furthermore, 
allowing for easy traceability of product information by consumers when they purchase.  

 

 
Figure 3 Illustration of the taxonomy process of Pasta Filata [19] 

Ontology-Based Traceability System for Halal Status of Flavour: A Conceptual Framework 

Hashim identified challenges that were contributors to delaying the halal certification application 
approval [120]. The challenges were identified through interviews with JAKIM authorities and 
conducting a review of related works, as summarized in Table 10. Hashim found that the main delay in 
issuing approval of halal certification was the difficulty in determining the halal status of flavours [120]. 
Moreover, the cause was the absence of a halal certificate for processing application certification 
documents by the auditors. The other identified issue was that tracing of halal status of flavouring was 
difficult because of the inconsistent terms being used by auditors and food producers.  The research 
aims to solve the issues by integrating the constructs and factors as a framework. The concepts of halal 
certification process, reference sources, halal concept, and traceability using ontology technology will 
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be represented as relationships in the conceptual framework, as seen in Figure 4. Based on the 
conceptual framework, it will aid in the design of another framework to trace flavouring information to 
make the halal certification faster [120]. 

 
Figure 4 Conceptual Framework for an Ontology-Based Traceability System for Halal Status of Flavour [120]. 

2.3.4.1 Identified Research Gaps and Context-Specific Challenges 
Scalability presents another significant challenge for ontologies like FoodOn [18], the DCPO [118], and 
UHT milk production ontology [126]. These ontologies often need substantial customization to fit 
various geographical and operational contexts, making their deployment complex and resource-
intensive. Such limitations reduce their effectiveness across global supply chains that require flexibility 
and adaptability to diverse conditions and regulatory environments. 

Accessibility for small-scale producers, especially in developing countries, is limited by the high 
technological requirements embedded in ontologies like FTTO [119], FoodOn [18], and the UHT milk 
production ontology [126]. These ontologies typically rely on advanced technological infrastructure, 
which can be a barrier to adoption among smaller stakeholders. Developing simplified versions or 
adaptations with lower technological demands could facilitate broader adoption, ensuring more 
inclusive participation in traceability initiatives. 

While some ontologies, such as DCPO [118], address aspects of dairy health management, others like 
Bovlac/ValueGo [19], FTTO [96], and MESCO [99] lack comprehensive disease management 
functionalities. Effective animal traceability requires detailed modules for disease monitoring, including 
prevention, early detection, and response strategies. The absence of these critical features limits the 
ability of these ontologies to support comprehensive health monitoring and implement biosecurity 
measures effectively. 

These identified gaps underscore the need for future advancements in animal traceability ontologies to 
focus on improving scalability, integrating accessible technologies for small-scale producers, and 
incorporating robust disease management systems. Addressing these areas will significantly improve 
the efficiency, inclusivity, and reliability of traceability systems. 

In addition to the identified gaps in existing studies on traceability ontologies, our study aimed to 
address challenges specific to the Botswana context. Botswana' livestock sector faces intertwined 
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challenges of declining cattle populations due to poor management, climate-induced droughts, and 
systemic inefficiencies, compounded by inadequate traceability systems, limited market access, 
infrastructure deficits, low technology adoption, and technical literacy, all of which hinder food security, 
economic sustainability, and compliance with international trade standards. The animal traceability 
ontology addresses Botswana's identified challenges by standardizing data representation to improve 
management practices and decision-making, and response to systemic inefficiencies. It tackles the issue 
of inadequate traceability systems by enhancing interoperability and integrating disease monitoring, 
vaccination records, and movement tracking to manage livestock health and reduce mortality rates. 
Additionally, the animal traceability ontology supports market compliance by aligning traceability data 
with international trade standards, while its modular, cost-effective design promotes accessibility for 
small-scale farmers, addressing infrastructure deficits, low technology adoption, and limited technical 
literacy. 

2.3.4.2 Limitations of Existing Ontologies and the Rationale for the Development of the 
Proposed Ontology 

The reuse of existing ontologies is encouraged to reduce the effort, but in some cases, like this research, 
reusing ontologies was not conducted. The animal traceability ontology was developed from scratch. 
Some ontologies considered for reuse include Food Track & Trace Ontology Framework, Ontology-
Based Traceability System, TraceFood Framework, and prFood Ontology. However, after thorough 
research, they could not be reused or extended for the animal traceability ontology. There were multiple 
reasons discovered. The existing ontologies did not cover domain-specific terminology and a specific 
scope. The conceptualisation developed by the ontologies was inconsistent for the development of the 
animal traceability ontology. The documentation of ontologies like the Ontology-Based Traceability 
System and the prFood Ontology was insufficient documentation to use. Using existing ontologies may 
also have restrictions in licensing and usage for distribution and publication. The animal traceability 
ontology is developed to be distributed and published to the research and development community. 
Specifically for Botswana to adopt and improve the current animal traceability system.  The animal 
traceability ontology included the creation of specific axioms, but the existing ontologies could not 
support the custom rules. 

The Ontology-Based Traceability System was specifically focused on modelling processes and 
relationships to determine the halal status of food ingredients. With concepts like halal certification 
procedures, traceability of chemical properties, and reference sources. They do not encompass the 
classes and properties for animal traceability, such as cattle movement and farm management practices; 
there was domain misalignment. The ontology structure of Food Track & Trace Ontology Framework, 
Ontology-Based Traceability System, TraceFood Framework, and prFood are designed for their 
domain, notably differing from the processes of animal traceability. It would have required substantial 
restructuring to accommodate the entities and relationships that are different. Attempting to reuse the 
existing ontologies could have caused semantic inconsistencies because the ontology constraints and 
definitions may conflict with the requirements to accurately model the animal traceability ontology. 
Furthermore, the animal traceability ontology does not reflect only the structure. But also, the purpose, 
semantic misalignment may occur when reusing a design for a purpose that is different.  

The Animal Health Ontology was the closest potential ontology that could have been used to extend 
and develop the Animal Traceability Ontology. However, only two classes, three data properties, and 
five object properties could be adopted. The ontology had no individuals created. The creation of 
classes, data and object properties, and individual by class for the animal traceability ontology was 
substantial as it would have been the same as creating the ontology from scratch. As a research student 
who wants to venture into the ontology field, developing the ontology served as a learning tool to 
increase my understanding of the ontology design principles 
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2.4 Chapter Summary 
From the literature review carried out, it is apparent that there are more animal traceability systems 
designed and developed than frameworks that guide the actual system development. It is also evident 
that the same systems face many issues and would benefit from a total overhaul following proper 
guidelines. This research proposal posits that to get a better chance of developing a good system, there 
needs to be guidelines that guide the process in the form of a framework. Furthermore, the few 
information management methods that were reviewed were mainly storing data on basic databases, 
overlooking some very pertinent data concepts like metadata and the semantics (meaning) of the data. 
Fortunately, there exist tools like ontologies, which were created to bring meaning and descriptions to 
data, an aspect that has not been applied to animal traceability, though suggested by some researchers. 
As important as managing the data is, making sure the data that is being managed is of good quality 
should be a priority. This research, therefore, envisions the development of a framework that guides the 
creation of Animal Traceability systems. This is consistent with suggestions by researchers in the shown 
literature who suggested that having more than one methodology may give a better opportunity of 
reaching success. 
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3 CHAPTER 3 RESEARCH DESIGN AND DATA ANALYSIS 

3.1  Introduction 
The purpose of this chapter is to describe the research methods and data analysis approaches followed 
in collecting and analyzing the data that is needed for the design of the proposed framework and 
ontology, which are defined in Chapter 5. Research is described as a systematic and methodical 
approach that must meet crucial standards and norms of reliability and validity [128]. Moreover, it must 
serve the purpose of solving a problem or adding a contribution that is innovative to the body of 
knowledge. To accomplish channel work in research, a vital role should be played by the research design 
[129]. Furthermore, the research design must be grounded on a methodology after the problem and 
content have been formulated. The selection of the research design and methodology should be based 
on the research problem and questions [130]. 
 
Methodology is defined as a method of solving a problem in research systematically by adopting certain 
steps logically [131]. The methodologies are described and analyzed, also shedding light on their 
limitations. A methodology is a mode that entails theoretical principles, with the provision of a 
framework for guiding how the research is conducted [130]. The purpose of this research is to explore 
and describe the user experiences and current system functionality of animal traceability in Botswana. 
To achieve this, an explanatory research design was chosen. This chapter discusses the research 
methodology, data collection process, data analysis, chosen population and sample, pilot study process, 
and the reliability and validity of the research design. Chapter 3 of this research addresses  
 
RQ1.   What are the perceived limitations and challenges of the current animal traceability systems in 
Botswana, according to the main stakeholders?  

3.2 Research Design and Methodology of the Study 
Researchers must think about what theoretical perspectives and knowledge they intend to provide. A 
researcher should reflect on the types of strategies intended to be used in the research, which should 
inform the chosen methods, and think about data collection and analysis procedures [132]. A blueprint 
for data collection and analysis constitutes a research design. This research has made decisions of the 
research design to keep the researcher mindful of bias they may bring to the study, how the decision 
affected the research objectives and questions, the benefit and use of the proposed ontology-driven 
framework for animal traceability and choosing effective tools for the collection of the research data. 
Research design should be built on a precise established statement of the problem, research objectives 
and questions, and a clear purpose of the research [128], [133]. The research design was chosen and 
built based on the research problem, “This research aimed to address the existing gap in interoperable, 
knowledge-based frameworks for developing animal traceability systems and related platforms in 
Botswana.” 
 
Researchers should ask themselves questions about their theoretical perspective and the new knowledge 
being brought to their research area [134]. They must think about the strategies to be used in their study 
that will inform them of the methods chosen. The methods are based on data collection and data analysis 
strategies. The explanatory research design is chosen for this study, which focuses on the why questions. 
Explanatory research is defined as research with a problem which has not been thoroughly explored 
previously, requiring priorities that generate achievement, description, and produce a more effective 
research model [129]. It is chosen to focus on identifying what is happening, addressing challenges 
identified, gaining new insights, and better explaining and detailing the aspects of this research. It will 
assist in providing a lead to future researchers and studies in ontologies, animal traceability, and various 
fields.  Explanatory research is used to explore the research topic at different depth levels. 
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Research designs are various methods of inquiry that are within qualitative, quantitative, and mixed 
approaches [134]. The research benefited from the use of mixed methods, employing both quantitative 
and qualitative research approaches to answer the research questions. For the implementation of 
evidence-based and innovative practices that could be complex, one methodology is not adequate [135].   
 
The Collection of data from the stakeholders will provide first-hand information on the current 
challenges being faced in animal traceability. Furthermore, the information will form the solution to the 
concepts used to develop the proposed ontology-driven animal traceability framework and the 
interoperable animal traceability ontology. The data collection tools that were used were survey 
methods. The survey methods are face-to-face interviews and questionnaires. The data collected was 
analyzed using both quantitative and qualitative data analysis tools. Content and Thematic analysis were 
carried out using computer-assisted qualitative data analysis software called NVivo 12 for qualitative 
data analysis. For quantitative analysis, descriptive statistics analysis where conducted. The results from 
the analysis are presented in the findings and discussion in Chapter 4. Figure 5 illustrates the research 
data design of this study, depicting the stage-by-stage process that was used for better clarification and 
visualization.  

 
Figure 5 Research Design of the Study Framework.  
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3.3 Research Approach 
The first stage was requirements elicitation. The research stakeholders were identified for requirement 
elicitation. The tools, interview questions and questionnaires, for data collection were then developed. 
Upon completion of the tools, next was the identification of participants for the pilot interviews and 
requests sent. A schedule was made for pilot interviews and conducted with the selected participants. 
The data collection tools were updated based on the pilot interview results. The final data tools were 
sent to the supervisor for approval. 
 
The second phase began while waiting for approval of data collection tools. A schedule was made for 
the first interviews and site visits. The documents for the research permit application were filled out, 
processed, and sent for approval. The Ministry of Agricultural Development and Food Security 
(reference DVS 7/4/1 VII (90)) and the Ministry of Communications, Knowledge and Technology 
(reference MCKT/1/11/1 I (38)) approved the research permits to carry out this study. Upon the approval 
of the data collection schedule and research permit, requests for interviews and questionnaires were sent 
to stakeholders. Site visits to stakeholders commenced, and relevant data were collected. Sorting, 
synthesizing, and analyzing data began after the first site visit using data analysis tools. The cycle 
continued with the second and third site visits. Gaps were identified, and data clarity was probed for a 
second visit. The data was synthesized and deduced for user requirements and components for the 
development of the ontology-driven framework. Addressing the research questions of this study. Data 
analysis continued, and the data analysis chapter began after completion of data collection.  

3.3.1 Mixed Research 
The research notation system mixed method was created in 1991 by Morse [136]. The Morse system 
depicts whether a research project orientation is quantitative, qualitative, or both. It indicates if the 
methods are equal, one is less dominant, and the other is dominant. The notation system also describes 
whether the research project is conducted concurrently or sequentially. This study chose to employ the 
mixed research method, which uses both qualitative and quantitative methods. Radhakrishnan states 
that the mixed method may not be superior, but its advantages of the methods complementing one 
another, continuity, rectification of differences, and theoretical insights that are heightened speak 
volumes [137].  
 
The research problems are better understood and expanded by the combination of the quantitative and 
qualitative methods. In mixed-method designs, the quantitative method is used to gain a breadth of 
understanding of the implementation success of the predictor. The qualitative method explores and gains 
a depth of understanding of the success and failure of the research area and identifies strategies to allow 
implementation. To achieve the required results for this study, a quantitative method was used to carry 
out questionnaires for data collection and descriptive statistics for data analysis. Qualitative method 
data collection was conducted by interviews and computer-assisted qualitative data analysis for data 
analysis.   
 

A. Timing 
There are different types of mixed method research designs classified into six: sequential explanatory, 
sequential exploratory, sequential transformative, concurrent triangulation, concurrent nested, and 
concurrent transformative [128], [138], [139]. Creswell  and Guetterman [140] encourage concurrent 
design because it will reduce the number of site visits for the researcher, and data collection will be 
better managed at the same time. Research carried out by Hanson et al. [138] acknowledges Creswell  
and Guetterman [140], suggesting that the most effective method is concurrent triangulation. Almalki 
[132] concur that the most effective design is the concurrent triangulation after using it to carry out his 
research. The multiple studies that recommend and justify the use of concurrent triangulation validate 
the choice for this study.  
 
The research design that was found suitable for this study was the concurrent triangulation design. Using 
the concurrent triangulation design requires consideration of timing. The timing choice depends on the 
researcher’s intent of which method comes first. Concurrently, both quantitative and qualitative 
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methods are conducted at the same time. For the ontology-driven framework for animal traceability 
study, the concurrent triangulation timing was used for data collection. This was done to better manage 
the data collection activities at stakeholder sites and make sure the limited resources would be enough 
to complete the study. This meant that less finances were spent conducting the interviews at the same 
time in the nine districts of Botswana, also being conscious of the time.  

3.4 Research Methods 

3.4.1 Quantitative Research 
Quantitative research is a method that involves the quantification and analysis of variables to produce 
results [141]. Statistical techniques are used for numerical data analysis to answer questions like when, 
what, who, how, and where. Quantitative research includes using scientific sampling with a developed 
questionnaire for measuring the characteristics of a population by statistical methods [141]. The type of 
data used in quantitative research is measurable figures, numbers, and percentages [142].    
 
To explain and predict a phenomenon, answering questions from measurable variables is quantitative 
research involving numbers and anything measurable systematically [143]. It is research that is 
concerned with phenomena measurements based on quantity and carried out by statistical analysis 
[131]. Additionally, it is commonly relayed from primary data in the form of questionnaires. Gathering 
and analyzing numerical data is a form of quantitative research [144]. The non-experimental 
quantitative research has no experiments involved and uses a group design called a survey design. The 
survey type produces numeric descriptions of trends, attitudes, and opinions from a selected sample of 
a population [128]. Generalizing and summarizing data findings is easier when using quantitative 
research methods [145] . 
 
This study employs a mixed research method, which includes quantitative research. The survey design 
from the non-experimental group was selected during the data collection phase, specifically 
questionnaires. The data collected was quantitatively analyzed using Microsoft Excel software. The 
software is used for descriptive statistics and pattern analysis. The initial stages of analysis are the 
descriptive analysis methods used for the summarization and description of data [146]. Furthermore, it 
is used for the establishment of a comprehensive guide to where, how, and what the impacts of the lack 
of frameworks in animal traceability are. 

3.4.2 Qualitative Research 
Qualitative research is a form of inquiry. Ospina et al. [147] define it as the value of a mode of inquiry 
that is systematically empirical. Empirical meaning experiences of the world inquiry, systematic by 
planning, and value of understanding the participants’ experiences. Inductive mode is used to allow the 
data to be expressive and speak for itself [147]. Chinyere and Val [144] acknowledge the use of 
qualitative research, interpreting rich meaning to data. Furthermore, intricate information is uncovered, 
revealing new concepts in research. Qualitative research is utilized to identify the experiences, ideas, 
and opinions of the participants. The data is non-numerical, like audio, text, and video. The main 
qualitative research methods are action research, narrative research, grounded theory, phenomenology, 
and ethnography [144].  
 
Qualitative research is defined as a form of phenomenon description and interpretation based on the 
participants' views to develop theories and concepts [143]. Hancock et al. [148] affirms that the 
development of new theories and concepts is made possible by focusing on describing and interpreting 
data. The data gathered and analyzed is usually from documents such as open-ended answers to 
questions. Mohajan [143] list that qualitative research uses observations, interviews, diaries, open-
ended questionnaires, and journals. Busetto et al. [149] add field notes, interviews, focus groups, and 
audio recordings as qualitative methods for data collection. Kabir [150] is accord listing interviews, 
participation, and observation as the basic methods for qualitative data collection. For data analysis, 
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audio is transcribed to transcripts, and coding is performed using software for qualitative data 
management.  
 
This study employed qualitative research as the other part of a mixed methodology to answer the 
research questions. The answer is determined by seeking an understanding of the questions from a 
sample selected from the local population.  This was done using the predefined set of procedures to 
collect data, analyze the data, and produce results. The collected data results are useful beyond the 
boundaries of this study. The data collection techniques used for qualitative research were semi-
structured interviews. After gathering the data, it was analyzed using software called NVivo 12 to 
discover themes and concepts. As stated by Busetto et al. [149], qualitative designs are employed to 
discover invisible and unpredictable patterns in data.  

3.5 Data Collection 
Data collection will be used to gather data to gain first-hand knowledge and original insight into the 
research problem. The data collection methods selected for mixed research are the survey methods. 
Specifically, a questionnaire for quantitative data collection and qualitative interviews. The main aim 
of using these instruments for data collection is to gain an understanding from the perspective of 
participants of their lived world experiences, communicated in specific details in their own words. 
According to Roberts [151] the reason data collection is done is to get a sense of the subjectivity of the 
participants.  

3.5.1 Qualitative  
A. Interview 

The survey methods will be used to gather experiences, opinions, and characteristics by directly asking 
people questions. A conversation that is face-to-face with a participant is called an interview. Bhome et 
al. [152] explain that the interview process does not require recording answers by the interviewer only, 
but also observing the interviewee’s non-verbal communication. The researcher observed the body 
language of the interviewees, for example, hand gestures and facial expressions.  This study chose a 
semi-structured type of interview process. With semi-structured interviews, the interview was formal, 
with an interview guide that was created with a list of questions that addressed the research topic. The 
semi-structured interview allows the interviewer to follow a guide but also interview topical trajectories 
straying from the questions, which are appropriate for research [150]. 
 
Subsequent knowledge, including what happens during the interview, may change and alter the 
interpretation of research participants’ experiences. Roberts [151] proposes that the interviewer and 
participant shall cooperate when answering research questions in an interview. Moreover, carrying out 
qualitative interviews will give privileged entry into the lived world experiences of research 
participants. It is a planned and focused conversation that is carried out to be able to see the world from 
their point of view, to ascertain what they have experienced, and then find out about life before science 
explanations [40]. The main aim is to obtain an understanding of the sense and experience from the 
participants, dictated and described in their own words, in specifics for the researcher to put aside what 
they know and note what is said [151]. 
 
Guidance for the interview tool was adopted from Castillo-Montoya [153] who created the Interview 
Protocol Refinement Method, which has four phases as seen in Figure 6. Roberts [151] is in accord and 
recommends this type of method for preparing the interview tool. A set of open-ended questions will be 
prepared and validated for the stakeholders’ interviews, forming the interview tool. Peredaryenko and 
Krauss [154] advise that it is important for the researcher to adopt an open stance and be aware of their 
personal biases with each interview; they should have an open attitude, willing to discover new 
knowledge. The interview tool was first trialled through a pilot study with a selection of professionals. 
Feedback from the professionals applied in the document was relevant. Updates were made when it was 
given final approval by the study supervisor and used in the field to guide in interviewing respondents.  
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Figure 6 The interview protocol refinement method [153]. 
 

B. Procedures for conducting Interviews. 
Table 11 is a schedule made for the interview process of the research. It depicts the tasks taken along 
with their timeline during the interview process. 

1. Pilot interview 
2. Choose participants 
3. Schedule interviews 
4. Conduct interviews 
5. Triangulation 
6. Reinterviewing 
7. Analyzing data 
8. Write up 

 
Task ID Task Earliest start 

date (week) 
Duration 
(weeks) Parallel/sequential Dependent 

upon Task ID 

A Develop an 
interview schedule 1 1 Sequential - 

B Conduct pilot 
interviews 2 1 Sequential  

A 

C Finalize interview 
schedule 3 1 Sequential  

B 

D Select Participants 1 
 
2 
 

Parallel 
 
- 
 

E Conduct interviews 4 12 Sequential C & D 

F Triangulation 4 12 Parallel  
E 

G Reinterviews 6 8 Parallel F 

H Analyze Data 11 4 Sequential  
F & G 

I Write up 13 8 Parallel  
A & H 

Table 11Task list for the interview process for the research. 

3.5.2 Quantitative  
A. Questionnaire 

The questionnaire was first created by Sir Francis Galton [145]. It is used for various reasons, like 
gathering statistical data. The questionnaire is a document that has a set of questions along with answers 
that participants fill in, giving information required by the researcher [145]. It is one of the most used 
types of data collection methods. Kumar [155] describes a questionnaire as a method where participants 
read the questions for themselves and make an interpretation of their expectations, then choose an 
answer from the given options.  
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The questionnaire tool for the research was created following the guidance of Roopa and Rani [156]. 
Following his five stages of planning a questionnaire, as seen in Figure 7. The questionnaires were 
given to the employees who are part of the stakeholders’ organization; some were interviewed, others 
were not. The plan was to give paper questionnaires to respondents who do not have the means of 
accessing the online questionnaire; the rest sent the online questionnaire. This plan was not fully 
successful. The online questionnaires sent were never returned, some of the paper-based questions were 
not filled out, and others were not returned. Questionnaires are used to reach a larger number of 
participants because interviewers are limited to the number of people that will be interviewed. 

 
Figure 7 Stages of planning a questionnaire [156]. 

3.5.3 Study Area 
The research study was conducted in Botswana, a landlocked country which is located in the center of 
Southern Africa, bounded by South Africa to the south and southeast, Namibia to the north and west, 
with Zimbabwe and Zambia to the northwest. An estimation of 965km from east to west and 965km 
from north to south, and a protruding sharp point at the eastern side [157]. Botswana is a country with 
a rich variety of wildlife and plenty of species like fish, reptiles, mammals, amphibians, and birds. It is 
traditionally viewed as a cattle country with the livestock population concentrated in the north around 
the perennial rivers and hill ranges at the eastern hard veld. Considering the plentiful water, pasture, 
and animal disease controls in place, the environment is healthy enough to raise high-quality and high-
bulk indigenous beef cattle. Botswana is divided into nine districts, namely, Central, Kgatleng, 
Southern, South-East, Kgalagadi, Gantsi, North-west, North-east, and Kweneng. This study was carried 
out in each of the districts. The researcher conducted site visits to farms and organization offices for 
MOA, BMC, Veterinary, and Local Administrative Authority (Matimela). 

3.5.4 Data Sources 
There are two types of data sources: primary data and secondary data. The research used both data 
sources, the primary type was used during data collection, and secondary data throughout the study. 
 

A. Primary Data Source 
The primary data was acquired from the original information source in the field. The data sources were 
farmers, veterinary officials, BAITS Agents, BMC, MOA, and Matimela officials. Data was obtained 
from them through interviews and questionnaires. The advantage of direct contact with the events as 
they occurred in primary data made it more reliable.   
 

B. Secondary Data Source 
Record books, reports, templates, and management books are the secondary data sources that were 
obtained from the stakeholders of the research. The organizations provided reports and templates for 
animal registration, ear tags, cattle transfers, and permit applications. The farmers had record books and 
management books, but that was a small number of farmers. The majority of the farmers who took part 
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in the study did not keep records. Reputable journals, articles, proceedings, books, newspapers, and 
websites were used throughout the research. The farmers record books, reports, management books, 
veterinary templates, and policies and guideline documents were added along with the primary data in 
NVivo software for processing and analysis.  
 
Tacit knowledge refers to the personal, experience-based understanding which cannot be easily 
articulated, transferred to others, or written down. Unlike knowledge that is explicit which can be 
codified and shared easily. Tacit knowledge includes wisdom, skills, intuition, and practical know-how 
that is gained by doing. Tacit knowledge was not included as a possible data source in the study, it was 
deemed out of scope of the current and can be considered as future work to extend work done in this 
thesis.  

Population and Sampling 
A. Population 

The research population included participants/stakeholders who are involved and have a background in 
animal traceability and livestock in the Botswana area. Stakeholders are farmers, veterinarians, 
Matimela, MOA, and BMC. The current and past experience in using animal traceability techniques in 
Botswana validated the choice in the population selected. They were able to provide their opinions, 
experiences, and recommendations that provided answers to the research questions.  
 

B. Sampling  
Purposive sampling is explained  as a sampling technique that selects specific types of respondents to 
include in the research to fulfil the expected variations relevant [149]. The respondents are based on 
theory, literature, and previous experience. Campbell et al. [158] argue that the use of purposive 
sampling is for the selection of participants that provide a high chance of yielding useful and relevant 
information, also choosing cases that save limited resources. The sampling method assures that relevant 
cases that could be included make the final research sample. Choosing a purposive and small sample is 
made with the focus of improving the depth of understanding in research based on the objectives and 
research questions [159]. 
 
Tongco [160] describe purposive sampling as a deliberate selection of a participant based on the 
participant's qualities, as well as not needing a definite number of participants or underlying theories. 
Furthermore, the researcher decides to seek respondents who are willing and can provide information 
based on their experience and knowledge. Etikan [159] is in accord with Tongco [160], the selection of 
participants is based on respondents’ willingness to participate by communicating their opinions and 
experiences in a reflective, articulate, and expressive manner. Tongco [160] say samples chosen using 
purposive can be used both qualitative and quantitative. Purposive sampling was chosen for this study 
because the research topic and questions required participants with specific characteristics that will 
assist effectively with the relevant feedback. Not like studies that are random including a diverse 
selection of cultures, and backgrounds. Isaac [161] say if purposive sampling is conducted correctly, it 
will help filter out responses that are not relevant and not suitable for the study framework. He further 
says the sources being appropriate for the research framework will greatly lower the margin of error 
during the data collection phase. 
 
The study used the purposive stratified sampling method for the selection of participants. The nine 
districts of Botswana make up the different locations used as the nine strata for the sample frame. A list 
of farmers was obtained from the Government Veterinary officials for representation of each district 
strata. The list was used to randomly select farmers from each district to participate in the study. In 
districts that did not provide a list of farmers, the researcher went to farm areas and randomly selected 
farmers to interview.  
 

C. Sample size 
The sampling choices were made based on research found on sample sizes for qualitative and 
quantitative research. According to Omona [162] data saturation should be considered when choosing 
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a sample size such that data should not be too small it cannot achieve saturation or too large that there 
is repetition of data. In a study on animal traceability by Plessis and Rand [31] used a sample of 30 
participants for their data collection.  A recommendation by Creswell [138], and Creswell [139] for 
research design that follows the mixed method design is to interview 30 based on the site visits. 
Furthermore, there is more involved in the selection of sample size than just the participant’s number. 
Omona [162] say that it depends on how many times contact is made with each person, and how long 
contact is made. These were taken into consideration when conducting the data collection with the 
participants. The sample size chosen for this study was 60 participants, covering interviews for the 
qualitative methodology as recommended questionnaires for quantitative methodology [31], [133], 
[134]. 
 
After completing the data collection activities, the research ended up with 66 respondents who were 
willing to participate in the research. This was because some of the farms included both the farm owner 
and farm managers. The participants included farmers, farm managers, veterinarians, Matimela (stray 
cattle) officers, BMC, MOA, and all who were involved in animal traceability in Botswana. The 
participants were interviewed and filled in a two-part questionnaire for the study. The 66 participants 
provided adequate information to yield a sufficient depth of understanding of the research topic. 
 

D. Data Saturation 
Data saturation is the point of completeness in the process of research, relevant collected data, themes, 
and codes required for answering the interest of inquiry are found with no emergent new data [163] . A 
sampling approach that is developed towards saturation of data is possible for data collection 
completion before the data analysis phase. Ames et al. [164] define saturation as data concepts that are 
adequate and rich to satisfy the research questions. According to Etikan [159] the sample size of research 
is determined through data saturation and not analysis statistical power. When data that is new from 
cases does not contribute anything new or different to the creation of the emerging theory, the research 
has reached its data saturation point [142]. At that stage, the researcher should stop data collection to 
avoid data redundancy and use what they have for the next phase of research. Kumar [155] concur that 
the point where information is negligible or none is new, research assumes it has reached the data 
saturation point.   
 
An experiment was conducted  to determine data saturation, He found that 12 interviews were optimal 
depending on the type of research and demographic area [165]. Moreover, Guetterman, [165] states that 
Ph.D. students have a habit of using a sample size that is large unnecessarily, without considering the 
data saturation point. For theoretical data saturation using comparative methods Hancock et al. [148] 
suggests a sample size of 60 to avoid data saturation. This study employed a purposive sampling method 
with a sample size of 60 participants but ended up with 66 respondents. The sample size was chosen 
with the consideration of data saturation. Purposive sampling puts emphasis on data saturation, by 
obtaining deep understanding through the sampling frame till there is no substantive data that is new is 
obtained [159]. This study effectively met data saturation, ensuring no new data emerged with additional 
interviews, and ultimately involved a diverse group of stakeholders from the animal traceability sector 
in Botswana. 
 

E. Selection of Participants 
Table 12 depicts a list of the participants for data collection and their relevance to the study. Like the 
animal traceability study by Prinsloo and de Villiers [166] the impact on farmers by a traceability system 
is important to finding a solution to the problems of animal traceability. The best way is to get first-
hand information from the key stakeholders. This information will play a major role in the development 
of the proposed ontology-driven framework. 
 

Interviewees Relevance to the research 
Farm owner  Provide practices and requirements on animal 

traceability 
Farm manager  Provide practices and requirements on animal 

traceability 
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Veterinary representative Provide details on tasks performed for and with 
farmers for animal traceability 

Local Administrative Authority representative Provide details on Matimela and animal traceability 
Ministry of Agriculture Provide details on BAITS in Botswana 
Botswana Meat Commission Provide details on their system and cattle market in 

Botswana 
Table 12 Participants selected for study. 

3.6 Validity and Reliability 
[128] argue that for anything to be called research, it should have methodical and systematic procedures 
that meet specific and relevant standards and norms for validity and reliability.  Good research should 
have consideration of the two fundamental and important aspects in the evaluation of research tools, 
validity and reliability [143]. Sürücü and Maslakçi [167] concur with the fact that validity and reliability 
are indispensable instruments in research. Research conducted employing measuring instruments that 
do not go through validity and reliability will not produce results that are beneficial.  
 

A. Validity 
The validity of the research tool is concerned with what the instrument measures and how well it is 
doing that [143]. Surucu [167] agrees with Mohajan [143] that the concern of validity is if the instrument 
is measuring the quality and behavior as intended and how well the instrument is performing. Validity 
describes the extent to which data collected covers the investigation area [145]. Etikan [159] state that 
efficiency and validity are the most important part in purposive sampling. Observation strategies like 
questionnaires, interviews, and document analysis make validity stronger [168].  
 
Validity means the measurement at which a chosen instrument is able to measure its intended purpose 
of measure. According to Amin, [169], validity is defined as the ability to deliver precise results and the 
degree of measurement by which an instrument measures what should be measured. The instrument 
was put through face and content validity. The interview instrument was created using the interview 
protocol refinement framework  to ensure a reliable and valid set of questions that will provide answers 
to the research questions and guide the proposed ontology framework [153]. 
 

B. Reliability 
Reliability is defined as the rate at which the measuring tools control random error, that is faith that is 
placed on the obtained data from the instruments used [143]. For testing and transparency of sampling 
and collection instruments Ames et al. [164] say it is important for the assurance of trustworthiness and 
reliability of findings. According to Taherdoost [170] the main focus of reliability is how far the 
phenomenon measurement provides results that are consistent and stable. Sürücü and Maslakçi [167] 
acknowledge that reliability indicates the stability of values measured from repeated measurements. 
Asenahabi [128] points out that the degree of reliable results is also determined by the participant's 
cooperation, trying to control the bias of the sample. 
 
 

C. Validity and Reliability of the study 
The questions for the questionnaire and Interview were given to three course colleagues for peer review, 
and three lecturers from the Department of Academic Literacy & Social Sciences in the university to 
check if the documents were written in simple language, easy to read, and appealing to the respondents. 
This was done for face validity and corrections were made as advised. For content validity, the 
documents were assessed by my supervisor, co-supervisor, and one lecturer with knowledge of 
ontologies and animal traceability. They were checking if the main aim and objectives of the research 
matched with the questions. Their advice was taken into consideration and corrections were made. Upon 
approval of all documents, pilot interviews were conducted with participants knowledgeable in the 
animal traceability field. 
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3.6.1 Pilot study 
The pilot study of the research was conducted with 10 participants who have knowledge of research 
data collection, ontologies, and animal traceability. The sample was chosen as suggested by Kunselman 
[171] for a small study, 10-12 participants should be sufficient. It was undertaken using the interview 
and questionnaire tools developed and pre-tested for validity and reliability. The pre-testing was done 
by checking that each questions align with the study research questions. The reviewers were testing the 
tools for completeness, clarity, and appropriateness to the research topic. The first step to the pilot study 
after identifying the participants was sending participant request email’s to the participants of the tools. 
The participants used review option on Microsoft word to write their comments. The participants sent 
their feedback and corrections were made to the tools according to the feedback. After correcting the 
documents the validity and reliability was conducted by carryng out interviews with the participants 
face-to-face. The participants were interviewed and asked to answer the questionnaire. When complete 
they gave more feedback to the tools and interview process.   
 
The feedback received from the pilot participants were all minor changes, included suggestions to re-
word some questions from the interview tool, combining BAITS and LITS questions because they fall 
under the same organization, and insert university headings in all the data collection tools. The 
suggestions for the questionnaire were to swap some questions for logical flow preservation, include a 
section for participants to enter their details, and grammatical corrections. The pilot survey provided a 
great contribution to the improvement of the main interview and questionnaire tools, which contributed 
to successful data collection in the actual collection activities. 
Table 13 presents examples of the modifications that were made to the data collection tools based on 
the feedback from experts. The recommendation from the experts was used to modify the tools.  
 

Data collection tool Modification  Feedback 
Interview Questions – BAITS How do you cater for users that do not 

know how to use technology? 
“Especially in a country where most 
farmers are old?” 

The last part of the questions is 
misleading and should be 
removed. 

Interview Questions – Farmer How do you record and manage 
information “about the livestock ?” 

Rephrase part of the sentence to 
“about your livestock”. 

Demographic survey What is your “ethnic”  background? Not "Racial"? Ethnic is too 
narrow. Eg. My ethnicity is not 
African, neither is it a 
Motswana. 

Questionnaire HaveHas the development/ adoption 
of your system objectives been met 
since inception? 

Replace Have with Has. 

Table 13 Pilot study feedback examples 

3.6.2 Ethical Considerations 
Taherdoost [145] argue careful consideration of securing ethical concerns while all the research design 
and methodology choices are being made, like respondents’ confidentiality. Ethical considerations were 
conducted in preparation for the data collection process. Confidentiality and anonymity were the main 
areas of note, where it is applied, and data presented by respondents is anonymized. An ethical clearance 
form was filled out and submitted along with the study's supporting documents to the university research 
ethics committee. The committee assessed the legal problems that could stem from the research studies 
and how they could be avoided. The legal challenges can be the country's laws on approaching citizens 
for interviews, respondents’ mental health risks in participating, the organization's reputation, and 
effects on animals and the environment. The data collection documents: interview questions, 
questionnaire, demographic survey, consent form, and participation document were all submitted for 
ethical review by the committee. Taherdoost [145] insist that the ethical clearance process is conducted 
to make sure the study is designed based on the ethical rules required. Some of the rules are [145]; 

1. If the respondent's personal details are collected like names, contacts, and email the 
researcher should provide reasons and provide a consent form for them to sign.  
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2. It should be stated if participants will face difficulty during the data collection process, and 
how the research will assist.  

3. A method of identification of the researchers should be provided to the participants to help 
them identify who they are. 

4. Participants should be provided with a document stating the researcher's intention with the 
study and the expected outcome at the end of the study. 

5. Participants should be clearly aware they are volunteering and can withdraw from 
participation at any point.  

These rules were all covered in this study through the consent and participation documents submitted 
to the research ethics committee. The ethical approval for this study was obtained from the Directorate 
of Research and Development at Botswana International University of Science and Technology 
(reference HREC-011). The Ministry of Agricultural Development and Food Security (reference DVS 
7/4/1 VII (90)) and the Ministry of Communications, Knowledge and Technology (reference 
MCKT/1/11/1 I (38)) approved the research permits to carry out this study. Participant consent was 
obtained, and data collection followed ethical guidelines, ensuring transparency and participant 
protection.  

3.7 Data analysis 
The next step after collecting data that is reliable and accurate successfully is to extract information that 
is useful, pertinent, and hidden in the data to interpret and manipulate [172]. Performing specific 
evaluations and calculations to extract necessary information from the raw data is called data analysis. 
Data analysis was performed in the study through several phases of both quantitative analysis and 
qualitative analysis. Creswell and Creswell [134] state that mixed methods data analysis should be 
related to the research strategy type. Furthermore, the analysis should occur within both the quantitative 
and qualitative research methods. 

3.7.1 Quantitative 
The data collected was useful in gathering the opinions, characteristics, and experiences of animal 
traceability from the participants. All the data was loaded into Microsoft Excel and NVivo 12 software 
prior to data analysis during and after data collection. The initial stages of analysis are the descriptive 
analysis methods used for the summarization and description of data [146]. It is used for the 
establishment of a comprehensive guide to where and what are the impacts and causes of animal 
traceability challenges. Data representation using graphics only illustrates tentative pictures of data and 
does not provide a specific distribution picture and prediction or estimate of value. 
 
Data description in numerical shape employing central tendency is very important [172]. Marshall and 
Jonker [173] is in accord that for a better demonstration of data meaning based on numbers requires the 
use of statistics. Raw data like group observation characteristics can be descriptively illustrated by 
statistics. Descriptive statistics were used in this study for the summarization of data in a manner that 
is organized and provides a description of relationships among the variables in the sample. Microsoft 
Excel was used to compute descriptive statistics from the data collected. The central tendency feature 
of descriptive statistics was used specifically for the main primary measures mean, mode, and median. 
According to Kothari, [174] central tendency measures illustrate the main point that items have a 
clustering tendency. The value that gives a description of a whole set of data as a single measurement 
is known as the central tendency [175].   

3.7.2 Qualitative 
Qualitative data collected for this study was analyzed using a computer-assisted qualitative data analysis 
tool called NVivo 12 data analysis software. The features of NVivo include handling data by writing, 
coding, linking, demographics addition, pattern searching, and providing data reporting and exportation 
[176]. Dollah et al. [177] state that the software can analyze wide ranges of data types through 
progressively complicated searches with various modes of output like images, pdf files, web pages, 
audio, graphs, video, maps, surveys, charts, and textual. NVivo 12 is a qualitative analysis tool used to 
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enhance the researcher’s academic work. For the assurance that the researcher is working methodically 
and rather thoroughly they are encouraged to employ the use of NVivo [178].  
 
Using the grounded theory approach means that theory needs to be drawn from the data analysis. NVivo 
can push for a theory to be drawn from the researchers' data. Welsh [179] explain that the NVivo 
software has tools for memo writing which enable theory to be built for the data. He further states that 
this approach lets the data speak for itself unlike attempting the data from within, like using existing 
frameworks. NVivo was used to efficiently organize the data collected with its ability to code text onto 
a screen rather than manually cut and paste pieces of text into a single code. The analysis process is 
rigorous in permitting the researcher to accurately and quickly search specific types of data [180]. It 
provides valid search results by confirming all instances of the specific usage are found [179]. 
 
The first step in using NVivo was creating a project folder called Animal Traceability.nvp. The data 
files produced from data collection were then imported into the project folder. Codes are first created 
from the data contained in the files based on the relevance, similarity, and objective of the study. The 
codes go through a three-stage coding cycle to refine them by merging, renaming, and deleting. Once 
completed cases and case classifications were created to get more detailed and valid analysis results. 
The final stage of analysis was computing the cases created by exploring the NVivo pattern analysis 
tools. Based on word and data frequency and focusing on the themes and concepts that emerge. The 
results from the data analysis are summarized and presented in the form of tables and figures in the 
findings and discussion chapter of the study. The figures and tables are from both NVivo software and 
Microsoft Excel.  

3.8  Triangulation 

    
Figure 8 Concurrent triangulation design [138].  
 
Concurrent triangulation is described as using both qualitative and quantitative methods for data 
collection and data analysis at the same time and the results are presented as one [138], as depicted in 
Figure 8.  He further states that priority is given to both forms equally depending on the type of research 
carried out. The researcher collects data concurrently for both quantitative and qualitative approaches. 
The data is then compared for convergence determination. Between the methods the weight is usually 
but sometimes practically one method may be given higher priority [134]. The Analysis of the data is 
performed separately, and the integration of the data happens at the data interpretation phase. This 
research will follow the same manner using both qualitative and quantitative methods for data collection 
at the same time. The qualitative method will play a role in the requirement elicitation from stakeholders 
through interviews. The quantitative method will be used for the requirement’s elicitation from 
stakeholders through questionnaires. 
 
The mixed method research methodology is important to provide broad purposes of breadth and depth 
of corroboration and understanding for data collection, data analysis, and interpretation [136], [181]. 
Using the triangulation method will provide various viewpoints of the research from different angles. 
By using the different methods, it will give a better complete picture of the result. Caine [182] states 
that within the mixed method quantitative and qualitative research methods can fulfill purposes that are 
different but complementary. Asenahabi [128] agree of the triangulation design seeking to collect 
complimentary data for the research topic that will be integrated for interpretation and analysis. This 
method gives the study an opportunity for corroboration and convergence of the results derived through 
research methods that are different.  
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3.9  Data Analysis for this study 
The data analysis section is based on exploring and discovering answers to the research questions posed 
by this study. Research questions one and two are the main questions of focus in this section. Ibrahim 
[172]  states that summarization of data collected using closely linked processes and organizing the data 
in a manner that answers the questions, best describes data analysis. Bhatia [183], found that 
implementation of outstanding analysis techniques will substantially enhance making decisions, 
valuable insights are unearthed, and risks minimized. The analysis of the research took multiple 
complex steps to arrive at a conclusion that answered the research questions. As Ibrahim [172] said, it 
is very easy to organize data that is simple but appropriate processing is required for complex data.   

The data analysis methodology adopted for this study is a mixed data analysis that caters to both 
qualitative and quantitative data. The interview transcripts and questionnaires from the collected data 
were used for data analysis. Computer Assisted Qualitative Data Analysis (CAQDAS) was used to 
conduct qualitative data analysis, specifically the NVivo 12 that provides a variety of beneficial analysis 
techniques. NVivo 12 was released in July 2020. Lumivero developed NVivo; they publicly avail the 
documentation and licensing information at https://lumivero.com/products/nvivo/. The university 
provides an educational license that allows the use of the analytical modules from NVivo throughout 
the project. NVivo 12 software is used for extensive pattern analysis by querying the data to deduce 
themes and concepts. NVivo is defined as a qualitative analysis tool used to enhance the researcher’s 
academic work [177]. Author Hilal [178] concurs that for the assurance that the researcher is working 
methodically and rather thoroughly they are encouraged to employ the tools provided by NVivo. 

The software selection was guided by open-science considerations, including potential impact on 
scientific reproducibility and research outputs accessibility. Piloting of alternative open-source 
CAQDAS such as Taguette, RQDA, and computer assisted text markup and analysis was conducted. 
NVivo 12 was employed because it is the only one that combines coding comparison, hierarchical 
cluster analysis, word frequency and a single environment with visualization functions. NVivo 
furthermore permits full exportation of coded data, project analysis logs and metadata in CSV/XML 
format (plain text) and ensures independent researchers can reproduce all the analytic steps with or 
without an NVivo licence. All the coded transcripts in XML format make them openly interchangeable 
and readable by free software. On the date of submission complete .nvp animal traceability project file, 
node-structure report (HTML), codebook (CSV), and query parameters (CSV) will be archived in the 
university repository and made available openly. 

The content and thematic analysis are explored using NVivo software, found  at 
https://lumivero.com/products/nvivo/. Hsieh and Shannon [184] define qualitative content analysis as a 
method in research used for the interpretation of data that is subjective by a methodical sorting 
procedure of coding for theme identification. Content analysis is employed for the observation of textual 
data to single out patterns and structures. NVivo provides multiple tools to perform content and theme 
analysis like coding, creating memos and annotations, coding stripes, and content linking [185]. The 
stages suggested by Maureen [185] for content analysis using NVivo are adopted, along with the 
guidelines by Saldana [186] for data coding. It allowed the researcher to be aware of the respondent's 
interview transcript's constant reflection, re-examinations, and confirmation of specific aspects. 
Microsoft Excel software is employed for the quantitative aspects of the data through calculations 
provided by the descriptive statistical analysis methods for accurate data results.  
 
The statistical methods derived from descriptive statistical analysis provide ways of describing 
numerical data collected that is then assimilated [173]. This results in practical research findings that 
are evidence-based, therefore reducing the theory-practice gap. The numeric measurements provided 
by central tendency mean, median, and mode are useful in examining data in more detail and presenting 
accurate visual displays. The results are perfect for summarizing quantitative data, thus gaining 
beneficial insight, like deducing potential trends in animal traceability respondents’ demographics.  
 

https://lumivero.com/products/nvivo/
https://lumivero.com/products/nvivo/
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Scherman [187] suggests a three-phase mixed data analysis, two phases for qualitative analysis and one 
phase for quantitative analysis. Their method proved that quantitative and qualitative analysis are both 
different and similar. Similar in that they are both concerned with answering research questions, data 
reduction, linking research literature, data analysis, and transparency. However, their differences are in 
the textual and numerical data presentations. Scherman et al. [187] used a CAQDAS (Atlatis.ti) for 
qualitative analysis and descriptive statistics for quantitative analysis. This research adopted parts of 
the mixed data analysis [187], for qualitative analysis this study used CAQDAS NVivo software instead. 
For quantitative analysis, this study followed Scherman’s process for descriptive statistics data analysis.  

3.9.1  Qualitative Data Analysis 
This study found the NVivo toolkit data analysis process  to be useful and relevant . The analysis process 
provided systematic phases to follow for data analysis that produced results in a logical manner. The 
qualitative analysis process will be followed throughout this chapter with an addition of features that 
are necessary for this study. The four main stages of analysis using NVivo as guided by O’Neills [185] 
are as follows:  

1. Descriptive: It is importing data sources to NVivo software. 
2. Topic: The process of data organization and data coding. 
3. Analytic: performing data analysis and data querying. 
4. Conclusion: Answers illustrated from the data. 

The four stages are further broken down to form the sub-stages that were followed for the analysis as 
seen in Figure 9. 

 
Figure 9 Schematic diagram of the study data analysis process. 

3.9.1.1 Stage 1: Descriptive 
This is the data analysis stage where project details and data are entered into NVivo to create a database 
for the research study. This study created a project called Animal Traceability.nvp in NVivo and started 
by importing data files into the project. The import panel used in NVivo is shown in Figure 10. The files 
included the interview schedule, interview recordings, interview transcripts, field notes, ethics approval, 
participant demographics, and a questionnaire. The documents are contained under the Data > Files in 
NVIVO. 
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Figure 10 Import panel of NVivo software. 
 
An initial open interview that is semi-structured and questionnaire guideline was created based on 
literature found on animal traceability. The data collection tools were validated by conducting a pilot 
study with professionals who understood the research topic. The pilot study assisted in modifying and 
making the data collection tools effective enough to derive feedback from respondents who answered 
the study research questions. Consent forms were given, explained, understood, and signed by each 
respondent who was interviewed and given a questionnaire to fill out. The respondent's consent allows 
this study to use the information they provided while keeping their identity anonymous. Field 
observations were also conducted during the interview sessions at the stakeholder’s location, pictures 
of the farms, cattle, and ear tags were taken for the purpose of this research.  
 
The text data files used for analysis included in-depth interviews that were conducted with farmers, 
veterinary officers, local administrative authority (Matimela officers), BAITS Agents, BMC, and MOA 
representatives. The main participants who are affected by animal traceability are the Botswana farmers 
and that is why they make up the majority of the study participants. The veterinary officers and the 
Ministry of Agriculture enforce and monitor the animal traceability procedures and guidelines. BMC 
checks if the farmers meet the given guidelines and are marketable to the European market and other 
markets (South Africa, Zimbabwe, Zambia, and Tanzania). BMC is the largest and highest paying beef 
market in Botswana.  
 
The interview timeline for communal farmers took approximately 30-45 minutes including observation 
around the farm. The commercial farmer's time was longer at approximately 1-1:30 minutes of 
interview sessions because their form of farming was more advanced thus providing more information. 
The respondent's organization interview session took approximately 1-2 hours to get an insight into 
their current systems. 
  

A. Data Selection 
All the descriptive details of the animal traceability project were entered into NVivo under the Data 
section. The Data section includes subsections Files, File Classifications, and Externals. The researcher 
imported all data collected from the interview transcripts, demographics, and questionnaire under 
subsection Files. 
  
The guidelines from O’Neill’s [185] research used a different version of NVivo in which the data sets 
were imported to the section called Sources. The sources subsections were internals, memos, and 
externals which are different from the new version of NVivo 12. The primary material for research that 
is imported into NVivo in the internals consists of documents, pictures, PDFs, data sets, audio, and 
video. The external subsection represents material from research that is not possible to import to NVivo 
like books. Externals were not used in this study. 
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Figure 11 Sample documents imported in the Files subsection of the Data section. 
 
Figure 11 depicts some of the files that were imported into NVivo under the Files subsection. The files 
are also categorized based on their 9 different districts and the respondent's name beside the district, 
because of anonymity the names are blocked out in Figure 11. The study had a total of 66 respondents 
taking part in this study. The researcher used color codes for information categorization marking as 
illustrated in Figure 11 to the right of the page. The color attributes corresponding to the characteristics 
were grouped according to the districts of each transcript. This is useful when conducting cross-case 
queries and coding matrix analysis of the data.  
 
 
 
 
 
 

B. Annotations and Memos 

 

 

(a) Sample of annotations of an interview 
transcript. 

(b) Preview of new Annotations feature under Notes section. 

Figure 12 Data Annotations 
 



 

57 | P a g e  
 

Memos allow for the separation of analysis made and material being analyzed. They are a storage for 
reflections and ideas that are related to each interview document [177]. Maureen [185] describe memos 
in NVivo to be documents that give provision to write ideas and interpretations, understand that it is 
growing, and gain insights. The memos usually evolve and end up being part of the write-up of thesis 
findings and discussion chapter. Dollah [177] describe an annotation as being a connection to the 
comment written by the researcher creating a link to the precise data in a file. Figure 12.b shows the 
memo and annotations of the animal traceability project. Unlike the NVivo version used by Maureen 
[185] where the memo is a subsection of sources. NVivo 12 memos is a subsection of the Notes section 
along with subsection annotations as presented in Figure 12.a.  
 
Memos and annotations were used in this research study as can be illustrated in Figure 12.b. The 66 
interview transcripts were analyzed easier benefiting from the memos and annotations. They are also 
used to keep important information in the footnotes where they can be easily accessible. The coding 
cycle descriptions were noted as annotations in memos. Figure 12.b illustrates how a relevant section 
of the document is highlighted and annotations made in the footnotes. The text is highlighted, right 
clicked, and the drop-down menu appears then the code selection option is selected. The user then 
chooses the case that the extract should belong to. 
 

C. Attributes, Values, and Classifications 
According to Tonin et al. [188] NVivo attributes are created to contribute to the accuracy of structural 
elements which assist in the differentiation of one concept from another. Taking into account what the 
concept is and also the concept representation. Attributes are characteristics of a source aspect or the 
node which has or will have an impact when analyzing data [189]. The study research project animal 
traceability.nvp in NVivo creates multiple cases. A sample extract of the created case person is shown 
in Figure 13.a and it contains attributes that relate to the case person, sex which gives the options male 
or female and age: 20,25,30, gender, qualifications, and source of income which all have options to 
select from. Dollah et al. [177] explain how each of the attributes will have a set value and a 
corresponding classification that is the collective name assigned to the node. In the ontology-driven 
approach to animal traceability project the attributes correspond to characteristics of the Person and 
Records as illustrated in Figure 13.a and Figure 13.b. 

 

 

(a) Sample of attribute created in NVivo of case 
Records. 

 (b) Sample of attribute created in NVivo of case 
Person. 

Figure 13 Sample Attributes 
 
Each of the attributes listed has values attached to it. Table 14 lists the attributes of case Person with the 
values attached to it. These values were used to run queries that are discussed in the next chapter of this 
study. An overall case classification spreadsheet of the 66 respondents was generated by the creation of 
a demographics table using Microsoft Excel and importing it into the node classification, as presented 
in a sample of six respondents in Table 14. 
 

Attributes Values 
Gender Male, Female 
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Age Under 24, 25-34, 35-44, 45-54, 55-60, over 60 
Qualification Master's Degree, Bachelor’s Degree, Diploma, 

Certificate, High School, Below high school 
Location (Districts) Kgatleng, Kweneng, Central, Southern, Kgalagadi, 

Ghanzi, South East, North East, North West 
Income Full-time farmer, Part-time farmer, and Job, Job, Farm 

manager  
Farmer Type Commercial, Communal 

Table 14 Sample attributes and values of case Person. 
 

 
Figure 14 Sample presentation of the imported demographic of respondents. 
 
 
 

3.9.1.2 Stage 2: Topics 
The second stage of analysis in NVivo is the deduction of content and themes that will illustrate patterns 
in the text data and provide a better understanding of the research topic. This stage is crucial for 
extracting concepts that will be used for formalization in the development of the proposed ontology-
driven framework. Stage 2 includes coding the interview material to group related concepts under 
containers called nodes. Coding was done both in the software and manually following coding text data 
guidelines [186]. The main objective of this topic is to answer research questions one and two, which 
are looking for user requirements and components for framework development. 
 

A. Identifying Topics 
According to Saldana [186] a code is a short phrase or word in a qualitative inquiry that significantly 
attaches a summative attribute to a language or visual portion of data. The coding process in NVivo 
occurs when the researcher right-clicks a word or sentence and selects code as illustrated in Figure 15.a. 
The data to be coded usually comes from interview documents, field notes, photographs, journals, 
internet sites, literature, and email correspondence [186].  
 
After the material has been coded NVivo provides a function to highlight the text selected and assign a 
specific colour to the coding stripes. These denote the topics that are obvious and originate from nodes 
formulated [185]. The coding stripes are displayed on the right side of the transcript showing the node 
that the content coded relates to. The initial themes and concepts were generated from the interview 
transcripts in this study with efforts from coding stripes shown in Figure 15.b. Hutchison et al. [190] 
found the coding stripes function is exceptionally useful in early conceptual development. He further 
states that coding stripes offer a good visual overview of the way coded nodes may relate to each other. 
Coding stripes allow visualization of sections of text or documents to see the additional nodes coded to 
the specific text selected.  
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(a) Sample of coding of selected text in an 
interview transcript. 

(b) Sample of coding stripes of an interview transcript.  

Figure 15 Sample for coding 
 

B. Creating initial nodes 
Before the creation of the initial nodes coding was first done manually following the guidelines from 
the book published [186]. Saldana [186] recommends a two-cycle coding process that should be 
performed on the data collected (interview transcripts) before moving electronically. The first cycle of 
coding is performed on a part of data that ranges from one-word, full paragraphs, to a whole page [186]. 
In the second cycle of coding the coded portions can be the same, increased or reduced passages, or 
reconfiguration of the codes. This research employed magnitude and In Vivo coding in the first cycle 
process. The eclectic coding was performed first to refine the first cycle before moving to the next cycle. 
The second cycle of coding the research used evaluation coding for the categorization of the data.  
 
As indicated  after gaining experience from doing manual coding and developing an understanding of 
the data analysis foundations, the knowledge is applied to chosen CAQDAS specifically NVivo 12 
software [186]. The CAQDAS software will not perform the coding for the researcher, which is why 
the manual coding process is first completed. Flick [191] agree that coding for the program is just 
attaching tags to texts or sections of passage. Furthermore, the software is essential to effectively store, 
manage, reconfigure, and organize data for human analytic reflection. In the analysis of the research, 
coding was used to connect items to nodes. Labels with meaning were attached to sections of data and 
whenever a new concept was found it was tagged and a node developed or stored to an existing similar 
node. For the generation of queries, it is crucial to form associations of data with their sources, node 
classifications serve this purpose. The research for an ontology-driven approach to animal traceability 
created sources and references with the names of respondents and their respective districts. This is to 
enable query generation [185]. Figure 16.a illustrates the first initial nodes created after manual coding 
was completed. Figure 16.a shows the nodes when they are not expanded, they have sub-nodes which 
can be seen in Figure 16.b showing an expansion of the nodes into sub-nodes. It includes the files and 
references the data belongs to, crucial for associations to permit queries to be generated. 
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(a) Sample of Initial nodes created from coding. (b) Sample of nodes expanded showing sub-nodes. 
Figure 16 Sample for nodes 
 

3.9.1.3 Stage 3: Analytic  

The analytic stage of the research is important for the content and thematic analysis of this study. This 
is the main area where merging of the initial nodes created in stage 2 takes place and running the NVivo 
queries to get visual results. Maureen, [180] state that the analytic stage extensively explores the nodes’ 
complex features. The merging of nodes to make hierarchies started by moving, merging, and where 
necessary renaming the initial nodes developed in the previous stage. The hierarchy arrangement is 
done for a better analysis of the coding with the use of queries. After working on the nodes, the final 
structure of the layout hierarchy is generated and the final node structure of this research study 
incorporates nodal hierarchies Initially the project started with 13 main nodes and 32 sub-nodes, which 
is a total of 45 nodes. 
 

A. Data Sets  
For the extrapolation of themes of high order from categories that are lower, the creation of sets has to 
be carried out states O’Neill [185].  Furthermore, [176] explains the creation of data sets is performed 
for the relations of 2 nodes that are different from each other. Hutchison et al. [190] concur, theoretical 
development is greatly advanced by the creation of data sets, and nodes can be grouped with data set 
tools. The research developed data sets with the use of the themes from the material that was coded. 
One unit of data is queried using data sets. It enables generation of queries by the study of wider 
categories. These are used to deduct concepts that are used in the formalization of ontologies.  
 

B. Models and Relationships 
At this point of the research, the study will concentrate on utilizing analytically and productively the 
tools available in NVivo. Focusing on techniques to utilize tools in analysis software will give provision 
for the facilitation of developing themes, concepts, and categories [178]. AlYahmady and Abri [178] 
further suggest that the author should also use various numerical data that was found during the study, 
it can be demonstrated with the use of figures and sketches for the facilitation of reading the findings. 
Models will be created from the deduction of the data sets developed. According to Shafique and 
Mahmood [192] the development of models is said to be a research method that is most effective. He 
further states that it helps in describing, testing, understanding, and predicting complex events [192].   
 

C. Visualization 
A visualization tool in NVivo was used in this research. It was used to get a clearer image of the concepts 
and themes that emerged throghout the analysis of coding and recording. Figures and charts presenting 
percentage coverage of codes and concepts of the study assist in visualizing each respondent’s 
contribution and extract results from the cases. Jackson and Bazeley [176] affirm that summary visuals 
of the data presented in diagraphs and charts are developed in database software to provide the vision 
of data relationships and patterns. A great number of data can be condensed into a single visual page.  
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D. Using Queries 

Sections of the data in the text transcript of the project that are case specific can result in relevant 
important information using Queries [185]. This study used queries to search for answers based on the 
research questions. Multiple query options provided by NVivo are found in the explore tab as seen in 
Figure 17.  Queries have provisions for the investigation of relationships among categories and concepts 
searching in the coded data elements simultaneously. Jackson and Bazeley [176] also asserts that queries 
are useful particularly at the last stages of analysis to assist in sorting through attributes and node values 
that were created in the project. NVivo offers various types of queries to use word frequency, matrix 
coding, project maps, and hierarchy tree maps.  
 

 
Figure 17 Explore panel with query options from NVivo software. 
 

E. Running queries 
The exploration process of complex parts of nodes is described as running queries [185]. Also sorted 
easier with NVivo [176]. The job of the analyst at the end is to review the data produced from the queries 
and interpret that data in relation to the research questions. Jackson and Bazeley [176] listed 3 main 
categories of queries that can be performed: Text mining, Theory-building, and Clerical queries. Text 
mining queries are used to search text documents for words and phrases that are specific. Category Text 
mining provides queries word frequency queries and text search queries. Exploring relationships 
between items is performed by theory-building queries, like the matrix coding query, coding query, and 
compound query. The last is clerical queries that assist in managing components in the analysis process 
by providing useful output. The Clerical queries are called the group query and coding comparison 
query. To run a query for this study the selected query button was pressed, the results were generated, 
and a figure was generated. The research used the word frequency query, matrix coding query, and 
cross-case query for deeper understanding.   
 

F. Word frequency query 
The word frequency query is used to catalogue up to 1000 words frequently used words in the data 
provided [176]. Word frequency query along with the word cloud query were used in the research on 
the interview transcripts. This is a tool used for mapping or exploring words for content analysis. The 
author further states that the tool is a wide net that can capture a majority of the text like participants' 
names, numbers, and ages. Word frequency helps the research in deducing word patterns worth 
exploring to derive the concepts that will be created in the formalization stage of the proposed ontology-
driven development.  
 

F. Matrix Coding queries 
Matrix coding query is used in the research for its function to provide direct information from the 
research question's perspective. According to experts Jackson and Bazeley [176], a comparison of 
subgroups from the database is made with a matrix coding query, and by double-clicking on the cells 
access to qualitative information is provided. As a mixed research study detailed findings of both 
numbers and content are valuable results from the query. Results in the form of charts and tubular form 
are produced in the representation of data, references coded, and node cells with percentage data. The 
matrix query cross-tabulation of paired items was displayed in matrix form. They assisted in the 
identification of the multidimensional properties of the study, thus finding answers to the research 
questions.  
 

G. Cross-case query analysis 
According to Maureen [185] the cross-case query is more complex than the other queries. It analyses 
by comparing and differentiating among and within groups of respondents in the study. The best use is 
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comparing cases on unique factors and continued refinement on other factors like time, using the filter 
button to sort specific column items as required [176]. It employs matrix coding query or framework 
analysis to process data.  Cross-case query has the advantage of comparatively focusing on single cases 
while preserving their uniqueness, unlike other methods that merge and group cases. Accordingly, cross-
case queries are employed in the research. The queries were created on the basis of the research 
questions and findings. The matrix chart produced enabled the comparison of cases looking at specific 
properties, and then the search was further refined considering and comparing factors from other cases.   

3.9.1.2 Conclusion 
This is the last stage of the qualitative data analysis where nodes have been created, manipulated, and 
recreated. With the provision of the query tools by NVivo software, queries were generated, and results 
were displayed in the form of figures, tables, and graphs. The figures, tables, and graphs are a result of 
data deduction from the analysis, and theories and concepts will be developed to answer the research 
questions and deduce components used for the development of the ontology-driven framework. 
 

A. Developing Theories and Concepts 
The qualitative analysis of the mixed data analysis was effectively carried out using the CAQDAS called 
NVivo version 12. The software helped in the organizing of data collected to assist in analysis that will 
draw reliable and clear conclusions. Manual tasks of analysis are reduced greatly by using the software, 
this allows the researcher to focus on discovering tendencies, recognition of themes, and conclusions 
derived with less time [178]. The software provided the study with the option to manage data, produce 
separate ideas, perform data queries, display visual models, and report the data. AlYahmady and Abri 
[178] advises researchers carrying out qualitative analysis to pursue the software processes to lighten 
the vague, lengthy time, and muddled tasks. The research material was well documented and imported 
into the NVivo tool for constant evaluation, analysis, and synthesis of the information. This was done 
to derive thoughtful discussion and insightful evaluation of the research findings. With the use of the 
visuals that were generated throughout the analysis stages. The results deduced in each of the four stages 
were then interpreted to feed into the concepts for the development of the ontology-driven framework.  

3.9.2 Quantitative Data Analysis 
Mixed data analysis is a combination of both quantitative and qualitative data analysis, this research 
carried out quantitative data analysis using descriptive statistics. The initial stages of analysis are the 
descriptive analysis methods used for the summarization and description of data [146]. It is used for the 
establishment of a comprehensive guide to where and what are the impacts and causes of the animal 
traceability challenges. The interview data and the themes generated in the qualitative analysis were 
used for the descriptive statistics analysis. Microsoft Excel was the software tool used to calculate and 
generate figures and graphs for quantitative data analysis. 
For the summarization of data in an organized manner providing a description of relationships among 
variables in a sample is described as descriptive statistics [175]. To see the general trend of the data and 
use the data to fit models of statistical analysis tools of descriptive analysis should be employed [175]. 
To calculate and evaluate where the center of the frequency distribution lies three measures were 
employed, mean, mode, and median. Scherman et al. [187] say to further analyze the themes generated 
it is advisable to include the range of scores, the minimum, the maximum, and the standard deviation. 
Calculations for both central tendency and range were used in the research which generated graphs and 
figures.  

3.10 Chapter Summary 
The research design and methodology discussed the research approach, methodology, and analysis 
choices that were taken in this study. Each of these choices was explained and reasons were given for 
each selection. This study chose to use the explanatory research design and mixed methodology which 
included both the quantitative and qualitative methods. Timing of methods employed the concurrent 
triangulation design where both methods occur at the same time. Data collection was done using 
interview and questionnaire tools. The tools were taken through a process of validation and reliability. 
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Ethical procedures for the data collection tools were prepared, submitted to the ethics committee, and 
approved. Data analysis for both quantitative and qualitative data was conducted separately using 
different tools. 
The data analysis focused on the methods that were used to conduct analysis of the data collected. For 
quantitative data analysis, this study chose to use central tendencies from descriptive statistical analysis 
tools. The central tendencies calculated numerical data using mean, mode, median, maximum, 
minimum, and standard deviation. Qualitative data used NVivo software for content and thematic 
analysis. The textual data is sorted, synthesized, and analyzed providing visuals. Pictorial visualization 
of data is important in summarizing large data and displaying it in a clearer and more understandable 
way. The results from the data analysis are presented and discussed in the findings and discussion 
Chapter 4 of this study.   
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4 CHAPTER 4: FINDINGS AND DISCUSSION 

4.1 Introduction 
The purpose of this chapter is to provide analysis of the data collected in Chapter 3. The concepts from 
this analysis will form a basis for the design of the proposed framework and ontology detailed in Chapter 
5. This study addresses the lack of frameworks in guiding the development of animal traceability 
platforms. This study proposes an ontology-driven framework to address the challenges of animal 
traceability in Botswana. A gap between the stakeholders and the current system in animal traceability 
was identified. Data collection was conducted at the stakeholder locations to gather information that 
would answer the study research questions. The two research questions below are addressed in this 
chapter. The chapter includes the results and discussion of the major findings related to animal 
traceability to ascertain if the new data supports or is in contradiction with existing information.  

RQ2.   What are the key components of an interoperable and knowledge-driven framework for 
animal traceability? 

Section 4.2 presents the results of the quantitative research with a descriptive discussion of each item 
presented. There are subsections to section 4.2 for each statistical figures and tables shown. The next 
section 4.3 illustrates the qualitative results from the data collection. The results are presented, and a 
discussion is provided of the results discovered. The last section concludes the chapter. 

4.2 Quantitative Research Results – Descriptive Statistics 
This section sets out the descriptive statistics of the quantitative research. Descriptive statistics is used 
to summarize the quantitative data to gain insight by deducing potential trends in animal traceability. 
The results are gathered from a sample of 66 respondents who were made up of farmers, veterinary 
officers, matimela officers, the MOA, and BMC representative.  The data from 66 respondents who 
completed questionnaires were captured and analyzed to produce the results that follow.  

The quantitave data is used to give empirical evidence on the practical behaviour of the framework. The 
data is used for supporting evidence-based modelling of the animal traceability framework. The data 
further informs the animal traceability ontology structure and scope by identifying animal traceability 
trends and frequent behaviours. Additionally, identifying the ontology concepts and relationships. 
Quantitave data helped in recognising the animal traceability norms to use in ontology development, 
such as “cattle identification”, “record keeping”, and “tracking movement”. 

4.2.1 Response Rate 
The study intended to cover as much of Botswana as possible to produce results that were more district 
representative. The respondents were classified into the nine districts of the country and the response 
rate of each district was recorded. The response rate is of livestock rearing respondents and employees 
who deal with animal traceability who volunteered to take part in the study per district. The districts are 
as shown in Figure 18: Kgalagadi, Central, Ghanzi, Kgatleng, Kweneng, South-East, Southern, North-
East, and North-West. Figure 23 illustrates that Kgalagadi district had the highest response rate from 
the districts at 23%. Ghanzi district follows behind with a response rate of 18% of respondents. The 
next district is the Central district with 17% of respondents volunteering to participate in this study. The 
respondents of the Kweneng district made up 9% of the respondents in the study.  Kgatleng district and 
Southern district had an equal representation of 11%. Likewise, the Northeast and Northwest Districts 
with 5% equal representation of respondents. Trailing behind with a very low 3% is the Southeast 
District of Botswana, with the lowest response rate.  
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The results show that the Kgalagadi, Central, and Ghanzi respondents were more interested and willing 
to take part in a study to help improve their way of cattle farming, tracking, and traceability. These three 
areas also showed to have more cattle farms than the other areas. The researcher received a list of 
farmers from the veterinary office in some of the districts and then randomly called the people to check 
their availability and willingness to participate in the study. In all district areas, the researcher moved 
around the farm areas and made door-to-door requests for voluntary participation. For other districts 
like the South-East and Southern, the researcher had to fully rely on going to farm areas and requesting 
participation from the respondents in the field. This study found that the South-East and Southern 
District of Botswana had fewer cattle farms than the other districts which contributed to the low 
participation rate. The three areas Kgalagadi, Central, and Ghanzi with the highest response rate were 
districts that had more cattle farms and people that were practicing farming than formal professions. 
Most of the farmers in the three highest response rates were full-time farmers who relied on farming to 
sustain themselves and their families.  

 
Figure 18 Response rate by district of respondents. 

4.2.2 Respondents Demographic  
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Figure 19 Age of the respondents. 

Figure 19 captures the age of the respondents who voluntarily took part in this study. As can be seen, 
27% of the research respondents are between the ages of 45-54. This would suggest that the middle age 
group is more involved in animal traceability practices than the other age ranges. However, this 
percentage was increased by the government officials (Veterinary, Matimela, MOA, and BMC) who 
took part in the study. When basing the age distribution on farmers the 26% of over 60 is more accurate. 
More of the retired population is actively cattle farming, thus using animal traceability practices more 
than the younger groups. The groups 55-59 at 9% and 35-44 at 24% are the part-time farmers and fully 
employed population. The part-time farming and fully employed population are the farmers who are at 
office jobs during the week and go to the farm on weekends. The farmers are usually called weekend 
farmers because throughout the week they do not know what is happening at their farms, sometimes 
they skip some weekends to go to work functions and family events. However, they are trying to start 
and get more accustomed to farming practices before they venture fully into farming.  

The youngest age distribution of 25-34 has a low percentage of 14% representation of respondents. This 
study found that the youngest age group is not actively involved in animal traceability practices because 
some are still fresh from university and trying to find their paths, while others lack the finances to start 
any farming practices. The government has initiatives in place to assist young farmers in venturing into 
cattle farming, but the lack of experience and paperwork processes are still leaving the younger 
generation lagging behind. The younger group needs to put forward more effort in cattle rearing in the 
country as the future generation, to contribute to the development and sustainability of Botswana cattle 
farming. 

What can be observed from Figure 19 also is the fact that over 60 age is at the top and most of the 
respondents saying they are retired and fully committed to farming after retirement is concerning. It is 
concerning that it seems like the population looks at cattle rearing as a hobby that one ventures into 
after employment when they are old to have something to do. This also applies to weekend farmers as 
they practice cattle rearing as a hobby for popularity and backup plans after retirement. Animal 
traceability challenges stem from these types of observations. Animal traceability technologies cannot 
be fully applied and used effectively in Botswana because the population that practices more farming 
is older and technology illiterate. The lack of full commitment to cattle farming leaves deployed systems 
that are ineffective because the users are not aware the systems are the problem. One respondent 
believes that the government was to blame for the failing animal traceability because they do not do 
visitations to their farms. Another respondent said, “We cannot sell or buy cattle as we want with the 
animal traceability in place because the system is always down”. The respondent said that meant the 
network, unaware that the system functionalities are also a challenge.   

B.  Gender of Participants 
To ensure a lack of bias in a research study it is ideal for the research to attract 50-50 males and females. 
However, this was not possible due to the uneven gender distribution of cattle farmers in Botswana. 
The gender distribution within the study was skewed. The researcher randomly chose respondents by 
moving around farming areas and other areas using a list from veterinary but there were still more males 
than females found to take part in the research. A veterinary respondent states that this could be caused 
by the traditional stereotypes surrounding cattle farming. He said that traditionally Batswana believe 
that farming is a masculine practice that is supposed to be practiced by men to provide for their families 
and the women receive the produce to prepare and feed the family. That is why this study had a female 
response rate of only 16.7% (11) females against a high rate of 83.3% (55) of males as illustrated in 
Figure 20. The lower female participation at 16.7% highlighted gender-specific barriers in the adoption 
and management of traceability practice. 
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Figure 20 Gender distribution of respondents. 

C. Level of Education 
 
This demographic is important in understanding the relationship between animal traceability and level 
of education. That is understanding the level of education of the people who are using the current animal 
traceability system, and what future improved systems developed should be aware of during system 
development. The level of education will also assist in understanding the opinion about whether the 
current system is good or not and worth using based on the level of complexity. The level of system 
complexity is based on the functionality of navigating the system, the syntax and semantics of the 
system, and the language used in the system.  

The result of the level of education represented in animal traceability is presented in Figure 21. As 
illustrated in Figure 21 the greatest proportion by far of the population have qualifications below high 
school (45%). These results are aligned with the age distribution of over 60 of the research population 
because the majority of the over 60 have low-level qualifications. Respondents with high school 
qualifications followed with just 18%, with diplomas at 12% and certificates at 11%. Bachelor’s 8% 
and master’s degree 6% make up the lowest percentage for respondents’ qualification. The highly 
qualified participants were respondents employed at various organizations. Only four full-time farmers 
had qualifications above a bachelor’s degree. This shows us that the current systems deployed did not 
take into account the level of education of the users of the system. 

According to a farmer respondent they tried to use the system, but it was too complex, and they failed, 
which led to them spending money to get their transactions completed. Another farmer stresses that 
because of their low level of education, they cannot fully understand English, and the system only 
communicates in English. As stated by a BAITS agent, the complexity of the system has made it 
impossible for anyone without a diploma qualification to use it seamlessly. This tells us that the level 
of education not being accommodated by current systems adds further weight to this research 
objectives.   

 

0 10 20 30 40 50 60

Male

Female

Frequency

Ge
nd

er

Male Female
Series1 55 11

Gender of Respondents



 

68 | P a g e  
 

 
Figure 21 Level of education representation of respondents. 

D.  Respondent's Source of Income 
 

 
Figure 22 Respondents source of income. 

The source of income is an important representation that impacts the country’s economy and the social 
well-being of the community based on cattle rearing. Successful cattle rearing is reliant upon the 
effectiveness of animal traceability. Animal identification, traceability, and tracking are crucial socially 
and economically to Batswana farmers. For a farmer to sell or buy their cattle to other farmers they 
have to use an animal traceability system. According to the BMC representative a farmer makes high 
profits by selling their cattle to European markets through the BMC. To sell the cattle to the European 
markets the farmer has to be actively using the animal traceability system to meet the regulations. The 
challenges in the current and only available system in Botswana for animal traceability recognized by 
the government hinder farmers from getting the best profits from their produce. Figure 22 indicates that 
many of the respondents depend on farming to support themselves and their families at a high 62%. 
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Farm managers who work full-time at the farms make up 14% of the respondents. 76% of people depend 
on the successful sale of cattle for their family’s livelihood.  

The other respondents 12% work full-time at various organizations that are involved in animal 
traceability in Botswana. The other respondents, with 12% of participants are both farmers and 
employed. This indicates that livestock rearing can be practised in multiple ways, and each is affected 
by animal traceability socially, economically, and financially. The high rate of people dependent on 
cattle rearing as a source of income emphasizes the importance of this research in providing an 
ontology-driven framework that will guide in the development of effective and functional animal 
traceability systems. The systems will serve farmers in transacting cattle to get high profits to feed their 
families and increase the economy of Botswana.  

E.  Respondents Cattle Count 
 

The respondents indicate that they have experienced cattle theft throughout their farming experience. 
Table 16 reports the different cattle thefts and cattle found by respondents in each district. The number 
of cattle owned by the respondents is also recorded for each of the districts. From Table 15 results it is 
apparent that the respondents from Ghanzi have experienced the highest cattle theft at 277 stolen cattle 
and only found 12. Kgalagadi with the highest count of cattle also has high numbers of stolen cattle at 
209 cattle with a low 26 cattle found. 181 is the number of cattle that were stolen from the respondents 
in the Kweneng district, and they got back 11 cattle. The Kgatleng respondents have suffered the loss 
of 125 cattle and have found none of them to date.   

Respondents from the Southern district experienced theft of 95 cattle with only a return of 3 cattle. Over 
the years the Central respondents have not found any of their lost cattle out of the 68 stolen from the 
representation population. Northeast and Northwest districts have experienced theft of 35 and 32 cattle 
thefts and none of the cattle were found. The Southeast district has experienced the lowest theft of only 
1 cow, and none found, this is also because they have the lowest number of respondents. Cattle theft is 
the highest concern of farmers when it comes to animal traceability, they would like a tracking 
mechanism alongside the traceability system. The respondent's request addresses the first objective of 
this study, finding the requirements for animal traceability that will be incorporated in the ontology-
driven framework.  

DISTRICT CATTLE THEFT CATTLE FOUND CATTLE COUNT 

Kgalagadi 209 26 8620 
Central 68 0 454 
Ghanzi 277 12 2052 
Kgatleng 125 0 115 
Kweneng 181 11 1047 
South East 1 0 24 
Southern 95 3 249 
North East 35 0 120 
North West 32 0 150 
Total 1023 52 12831 

Table 15 Cattle count, theft, and found distribution 

 

 

 

. 
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F.  Respondents Cattle Tracking 
 

 
Figure 23 Cattle theft vs cattle found by district. 

The MOA representative explained that the type of animal traceability that is conducted in Botswana 
by the BAITS system is a paper tracing of cattle from farm to fork. They do not perform any form of 
cattle tracking. For animals to be sold and profit made they have to be present in the farm, protected, 
and their physical location known at all times. Animal tracking is an important aspect of animal 
traceability because if there are no animals then there is nothing to trace. Batswana farmers have no 
mechanism for tracking their animals. One of the farmers described their tracking as opening for the 
animals to go grazing in the forest then in the evening or next morning they wait for them to come back. 
If some of the cattle do not come back, then the herd man walks around the farm area to look for them 
and inquiries from the neighbors. The farmers use the traditional way of tracking cattle by word of 
mouth, which has proven to be ineffective over the years as cattle theft rises.  

Each district experiences cattle theft at different rates. Figure 23 depicts the different rankings of cattle 
theft versus cattle found by each district. The Blue line shows the rate of cattle theft showing Ghanzi to 
be the highest and Southeast to be the lowest. Cattle that have been found are shown by the grey line 
depicting Kgalagadi to have the highest number of cattle found and 4 districts being Central, Southeast, 
Northwest, and Northeast with the lowest cattle found. The results explicitly show that the paper trail 
animal traceability system by the current systems is not enough to effectively manage cattle production 
in Botswana. This is more evident from Figure 24 which captured the overall impact of cattle theft in 
Botswana at a rate of 95%, versus the low 5% cattle found rate. This study suggests an ontology-driven 
framework that will incorporate animal tracking devices to curb cattle theft in the country that is causing 
distress to farmer's lives.  
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Figure 24 Cattle theft vs cattle theft in Botswana. 

G.  Respondent's outlook on animal traceability 
The findings from the collected and analyzed quantitative data centered on respondents' perceptions of 
the challenges related to animal traceability in Botswana. Participants were asked to rate their 
perceptions on various aspects of animal identification, tracking, and traceability methods as illustrated 
in Figure 25. More than half of participants (55%) indicated that the current methods used by farmers 
are inadequate, despite 42% making efforts to address these issues. Farmers' associations, established 
to support various agricultural activities including traceability, were criticized for their ineffectiveness; 
56% of respondents expressed that these associations were more about talk than action. 

The Matimela program, a government initiative designed to manage stray cattle and prevent theft by 
housing unclaimed animals in kraals, was also viewed negatively. A significant 85% of respondents 
believed that the program was ineffective, mainly due to the policy of auctioning unclaimed cattle after 
15 days without offering compensation to rightful owners. This has led to dissatisfaction among farmers 
who often found their cattle sold off without proper notification. 

Regarding the BAITS, only 17% of respondents found it useful for identifying cattle, especially in cases 
where ear tags were still intact. However, 39% felt that BAITS was largely ineffective because 
enforcement officers and Matimela program administrators rarely utilized it to trace cattle ownership. 
Consequently, 67% of respondents believed that law enforcement was not doing enough to combat 
cattle theft. Furthermore, 44% of respondents expressed uncertainty about the usefulness of BAITS, 
viewing it primarily as a tool for purchasing ear tags and transferring cattle ownership rather than a 
comprehensive traceability solution. 
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Figure 25 The outlook of respondents to animal traceability challenges. 

4.2.3 Central Tendency of Animal Traceability and Tracking Effects 
Central tendency is the value that depicts the whole series of data as one measurement. The three 
fundamental measures of central tendency are the mean, median, and mode. Mean is the total sum of 
values in a dataset divided by the total number of observations. The median is the value in the middle 
of the distribution when data values are ranked in order from the highest to lowest. Mode is the most 
common value in a dataset [65]. Table 16 presents the data set results computed using the measures of 
central tendency mean, standard deviation, and median of the total number of cattle affected by the 
challenges of animal traceability in each district. Mode was not used because there was no common 
value in the data set. The maximum number of cattle affected from a district is 277 from Ghanzi. The 
maximum number of 112 is also from the Ghanzi district. The minimum of affected cattle is represented 
by South-East with 0. The results are affected by the low rate of respondents from the district. A mean 
of 39.6 is captured from Ghanzi, with a joint median of 35 from Kgalagadi and Ghanzi. 34.0 high 
standard deviation from Ghanzi district. The results are affected by the rate of respondents, as the more 
respondents answering the questionnaire the higher the challenges recorded. These values are out of a 
total of cattle owned at 8620 from all districts. The central tendency guides the animal traceability 
framework by modelling the key common practices. Such as the main districts affected ineffective 
animal traceability causing high theft rates. This will help define property restrictions to frequently 
update records in the ontology development process. The data will help to prioritise the domain areas 
of animal traceability, like the acceptable delays for animal movement reporting (property 
:reportWithin) constraints.  

Number District Total Max Min Mean Median SD 

1 Kgalagadi 209 50 14 34.8 35 13.2 
2 Central 68 30 3 17.0 17.5 9.7 
3 Ghanzi 277 112 10 39.6 35 34.0 
4 Kgatleng 125 50 2 17.9 17 14.2 
5 Kweneng 181 70 2 30.2 17.5 28.8 
6 South East 1 1 0 0.5 0.5 0.5 
7 Southern 95 35 10 19.0 10 11.1 
8 North East 35 15 10 11.7 10 2.4 
9 North West 32 20 10 15.0 15 5.0 

Table 16 Central Tendency statistics for animal traceability. 
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4.3 Qualitative Research Results 
This section presents the results from the analysis of the data collected with the use of NVivo 12 
software. In-depth interviews with respondents were conducted to find answers to the research 
questions. Criteria were set for the selection of respondents using purposive sampling. The aim was to 
get 60 respondents, but the study ended up with 66 respondents. The results from the interviews, after 
data analysis was performed, are presented and discussed in this section.  

The animal traceability knowledge is not available explicitly, but is available in the form of interviews, 
experience practices, and documents. The NVivo tool was crucial in carrying out the data analysis of 
the data to explicitly provide the knowledge needed for the development of the animal traceability 
ontology. NVivo organized and categorised the data to easily identify the concepts, themes, patterns, 
and relationships that recur. By coding and querying in NVivo, concepts that are related in practice were 
revealed, like an animal being vaccinated by a herd boy. The relationship is translated in the animal 
traceability ontology into an object property. The key entities that the stakeholders mentioned often 
were tracked, such as cattle, movements, eartags, and tracking. Which guides the structure of the 
ontology by prioritizing the areas most problematic for the stakeholders. The main terminologies and 
concepts relevant to the domain were also extracted by NVivo to be used when building the glossary of 
terms of the ontology. Ontology validation can be supported by the codes and themes from NVivo being 
used to design competency questions, which will be used to check if the ontology answers the specific 
domain questions.  

4.3.1 Themes and Concepts 
The data analysis performed in Chapter 4 uncovered patterns and themes that emerged to be prominent 
in animal traceability for the identification of relevant concepts and relationships to design the ontology-
driven animal traceability framework, and further develop the animal traceability ontology. According 
to Loeb et al. [193] there is a variety of visualizations available to use in highlighting and presenting 
the main findings in research data. She further states that the objective of visuals is to assist the readers 
in better understanding the main data patterns. The results of this study are summarized and presented 
below in the form of tables, graphs, and figures. These are described and discussed to provide further 
details of the results. The interpretation of the data patterns using NVivo methods of coding, case 
classifications, word frequency, word cloud, tree map, and coding matrix. The first results are the pattern 
interpretations from NVivo software. 

A. Word Frequency 
 

Word Cloud 

 
Figure 26 Word Cloud for animal traceability data. 
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According to DePaolo and Wilkinson [194] a word cloud displays a visual representation of words in 
text data that are used most frequently identified as keywords, viewed in different colors and sizes. 
Additionally, a researcher can see unique patterns of phrases and words by conducting an examination 
of the word cloud frequencies or the lack of patterns in the data. This study used NVivo software for 
data analysis and one of the results was the word cloud as depicted in Figure 26. NVivo filters the most 
common English words (as, a, it, and I) and they are excluded from the results. The word cloud in Figure 
26 displays a graphical illustration of text that represents respondents’ knowledge of animal traceability.  

The pattern of words investigated from the word cloud representing responses showed the 
understanding of animal traceability key concepts by respondents, also identifying common mistakes 
that have been made. The size of the words show the frequency of the concepts, the largetse being the 
most frequent concept.The main key concepts identified in the cloud are cattle, farmers, farm, system, 
use, and records depicted in orange with the largest font from the other words.  The key concepts that 
will be useful in the development of the ontology-driven framework are farmers, farm, system, and 
records. The cloud clearly shows that the main stakeholders in animal traceability are the farmers; as 
such, the framework should revolve mainly around them. Records are another prominent concept that 
is illustrated that should be explored further when added to the framework. The concept of records 
aligns with the feedback from veterinary and BMC respondents, who stated that records are the main 
aspect a farmer has to maintain and produce to show effectiveness from farm-to-fork cattle rearing. The 
word Farm represents farm management, concepts included in the ontology-driven framework that are 
related to good farm management, will result in animal traceability platforms that will yield high cattle 
production. 

B. Cluster Analysis 
Cluster analysis is used in this study to divide the text data into useful and meaningful groups. Cluster 
analysis is used in this study to divide the text data into useful and meaningful groups. The coding 
similarity of the cluster analysis procedure in NVivo carries out complete-linkage hierarchical 
clustering. A table is built with rows of files and codes (appearing in the diagram), and columns are the 
characteristics chosen to cluster by. Characteristics include word similarity, coding similarity, and 
attribute value similarity. The two data sources' i,j similarity index is computed between each pair of 
items (rows) in the table using: 
 
sij = 1 − dij / max(dij ) 
Where: dij is the distance between data sources i and j. 
Equation 1 Cluster analysis algorithm 

The Pearson correlation coefficient (-1 = least similar, 1 = most similar) is chosen considering that it is 
scale-invariant, and also appropriate for content coded to multiple themes. NVivo conducts sequential 
collections until the cluster requested cut-off, at a default of 10, is reached. When the cluster cut-off is 
reached, a display of a dendrogram using an iterative multidimensional scaling algorithm is provided.   

The cluster analysis in Figure 27 is produced by NVivo using an algorithm (equation 1) that group 
similar animal traceability concepts that are based on co-occurrence.  The groupings created by NVivo 
are listed in Figure 27.  Figure 27 is a large picture of many connected and related groupings that NVivo 
found meaningful and useful. The concepts are the words, cases, and nodes from the data sources. The 
clusters reveal similarities and relationships between the concepts and themes, also identifying the data 
structures. These will be used as the foundation for the animal traceability ontology conceptual 
modelling of classes and subclasses. The classes and subclasses that will be defined in the ontology 
development processes are “Building glossary of terms” and “Taxonomy”.  
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Figure 27 Cluster groupings of animal traceability data. 

Validation of the generated clusters by NVivo was carried out in multiple ways. There was tracing to 
the source data by re-examining the cluster automatically generated in the original transcripts. The 
manual checking uncovered matches between the automatically generated clusters and participants own 
phrasing. The initial thematic codes were participant checked by reviewing some participants, and they 
confirmed that the relations captured participants viewpoints accurately. The steps taken to validate the 
cluster analysis animal traceability output results are important for moving the analysis from tool output 
to researcher mediated interpretation. For example the feedback of clusters (Figure 27) like operations, 
which formed BAITS, Sell, Police, and Use is aligned with the responses from the veterinary and MOA 
participants about their practices in animal traceability. Second cluster Tracking, which encapsulates 
access, land, area, traceability, government, and disease was found to be in relation with the farmers 
responses to animal tracking questions. The third interesting cluster is vet, permits, information, system, 
and animal which related the animal traceability operations betwen the farmer and veterinarian. The 
last cluster identified includes devices, farmers, help, and agents which is more aligned with farmers 
and BAITS agents. These clusters will contribute to the conceptualization stage of ontology 
development (Section 5.3.2.5).  

C. Coding Matrix 
 

Coding matrix is a method based on coding and interpretation of data transcripts that originate from in-
depth interviews [197]. He further states that the process of coding outcomes creates groups of 
categories along with several steps that are predetermined. The interpretations from the respondents 
using the matrix were made to answer the research questions. Coding was done on the animal 
traceability interview transcripts to synthesize the content in the analysis phase of this research. The 
cross-tabulation Figure 28 is the animal traceability results grid that shows the cases that are coded to 
which nodes, depicting density, presence, and frequency of the animal traceability coding intersections.  

The NVivo coding matrix is a visual tool that was used to display the intersection between the different 
nodes and other attributes such as demographic groups, cases, and themes. Patterns are shown in the 
qualitative data by counting how many times certain codes co-occur within the same dataset elements, 
that is, the interview transcripts, documents, and reports. The coding matrix algorithm works on a binary 
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and frequency logic, operating in the internal data indexing system of NVivo. A representation of the 
algorithm is as seen in equation 2. 

For each (Data Unit): 
 If (Node A is coded) AND (Node B is coded): 
  Increment cell (A, B) by 1 
End If 
Equation 2 Coding matrix algorithm 

The algorithm starts by using the dataset to index all coded references; there is a link between each code 
and text segment. The query compares the two dimensions: rows (codes) and columns (other codes, 
attributes, and cases). The computation by the algorithm checks for each document, does the node A 
and node B occur both. Then counts how many times the co-occurrence happens in the same document. 
The results as seen in Figure 28 shows each of the cells containing a number that represents the count 
of intersections. How repeatedly coding a row node and column node happen in the same content unit.  

When coding animal traceability interview transcripts about the experience of farmers with various 
aspects of traceability systems. A comparison of what different case attributes have said about an issue. 
The rows were the cases and columns aspects of traceability systems (animal, cattle, farm, system, and 
tags) as seen in Figure 28. The interview transcripts reference concepts and the cell shows a number, 
for example Figure 28 displays case attribute 1 (farmer) the matric shows the farmer frequently links to 
“farm 9” times and “tags 6” times. 

The objective of the coding matrix is to find confirmation of the conceptual model contents and structure 
of the study based on academic knowledge [197]. This applies to this study as the Figure 28 results were 
further used to produce clearer visuals illustrated in Figure 29. The illustration was produced based on 
the main coded items: animal, cattle, farm, system, and tags. 

 
Figure 28 Coding matrix of the five main concepts deducted from the text data.   
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The validation of the generated coding matrix, Figures 28 and 29, by NVivo was done through the 
interpretation of the patterns. It is important to question if the pattern is a reflection of a genuine thematic 
link, for example if the case attributes and nodes (animal, system, tags, records, and BAITS system) 
capture both animal traceability specific knowledge and general knowledge. An evaluation of the 
importance and frequency was also considered; issues may present lower frequencies but carry 
disproportionate influence on the success of traceability. That is why this study did not solely rely on 
the matrix frequencies, risks of underestimating low-frequency but high-impact factors. Figure 29 
presents “cattle count” as one of the high frequencies. However, the number of cattle a farmer owns is 
not a high-impact factor in animal traceability. The frequencies “animal traceability”, “location”, “cattle 
market”, “records”, and “BAITS system” computed show a genuine reflection of key factors in animal 
traceability.  
 
NVivo software generated the coding matrix in Figure 29 from the results of the data file illustrating 
better visuals from Figure 28 and the results were interpreted. Respondents complained about systems 
being created in the city and not considering the environment that systems will be working in. The 
current systems need internet access to function which is rarely or not at all available in most farms. 
However, as satellites reach even the extremely rural areas future systems should consider using them 
for connectivity. Tags are also shown to be dominating in the coding matrix figures they are a crucial 
property of animal identification and tracking. Respondents expressed that they are currently using the 
mandated ear tags bought from the government and personal tags that they make for themselves. 
Personal tags are produced because the government ear tags are lacking in information that is needed 
for animal identification. The veterinary representative pointed out that the ear tags have RFID that can 
be read using special equipment and information registered about the cattle will appear. That is a feature 
that is not being put to use because farmers cannot afford to buy the equipment, and some do not know 
about it. This study suggests tags that do not need special equipment to read, that are satellite-based and 
the information goes straight to users’ system, tags that encompass both identification and tracking of 
cattle.  

The results of Figure29 are also a visual produced from the coding matrix in NVivo software , but it has 
identified other items of equal importance from the in-depth interview transcripts. The main items 
identified by the results of Figure 29 are cattle rustling, records, animal traceability, BAITS system, 
location, cattle market, and cattle count. Farming respondents expressed their dismay and pain of cattle 
theft that negatively affects them and brings down their cattle production. They explained how most of 
their farm areas are not secure, because their farm area does not have enough grazing land they have no 
choice but to let their cattle out of their farm into the open grazing land to feed. Cattle in the open fields 
make them vulnerable to thieves and they have no methods of monitoring the cattle while out. Animal 
traceability is the main concept of this research and the contents that are involved are as seen in Figure 
29 records, location, and cattle count. For the profitable sale of cattle, a farmer needs to have data 
records that are up to date, meet the profitable market requirements like BMC, EU regulations, and 
effectively use an animal identification, tracking, and traceability system.   
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Figure 29 Coding matrix illustration of interview results. 

D. Hierarchy Tree Map 
 

Further exploration of the data file using the codes created was done using the tree map query in NVivo 
software. The coding hierarchy provides a visualization of the animal traceability node structure as a 
nested and size-weighted image. It reveals the parent-child relationships of the nodes, a thematic 
hierarchy. This is crucial in showing how the animal traceability themes are structured and where 
emphasis on ontology concepts should be when developing the ATO. The hierarchy tree map is 
specifically useful when refining the taxonomy of the ATO, when determining the top-level classes and 
their subclasses.   

The hierarchy tree map visualises a hierarchy, an NVivo interactive diagram displaying the relative size 
and structure of coding between nodes. The data in the hierarchy shows a set of nested rectangles that 
vary in size, as seen in Figure 30. Representation of how the data is distributed across parent and child 
nodes. Figure 30 shows each rectangle representing a node; the size of each rectangle corresponds to 
the number of coding references that are relative to others.  The tree map analyses the animal traceability 
hierarchies in a single view and compares relative sizes of the differing aspects of the data.  

The hierarchy tree map was computed using the proportional area mapping algorithm based on space-
filling visualisation. Equation 3 computes node sizes based on the derived number of coding references. 
First, the total references are calculated, then the area proportion is computed. The results are used to 
render the rectangle sizes proportionally and apply recursive subdivision for the child nodes.  

For every parent node: 
Total references = Parent References + Sum of Child References. 
Then compute the area proportion: 
Area proportion = (Node References / Total References in the dataset). 

Equation 3 Hierarchy tree map algorithm 
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The tree map, as seen in Figure 30, appears as horizontally oriented rectangles which are subdivided by 
size into major categories and their subcategories. The display conveys the part-to-whole relations. 
Jadeja and Shah [195] state that hierarchical data is presented on 3D or 2D tree map displays based on 
attribute values. Furthermore, the users are provided with visualizations so they can manipulate the 
categories and save each subtree. Each of the categories of the tree is displayed in terms of levels in the 
hierarchy; the bigger the size of the category, the higher level it is. This study has expanded the main 
tree Figure 30 and manipulated it to display further sub-trees as shown in Figure 31 of the system, 
Figure 32 farm, and Figure 33 cattle.    

 
Figure 30 Main tree hierarchy map from animal traceability data. 

Figure 30 is the highest level of the category in the main tree of animal traceability data. The sub-
category is labeled farm and under farm, the themes that were identified are depicted in Figure 31 also 
sized according to high level being the big rectangles and small levels being the little rectangles. The 
main components in farm are animal traceability, farm manager, land farming, and commercial farming. 
From the data collection activities, this study found that the majority of the farms had farm managers 
who resided full-time at the farm while the owners worked white-collar jobs. This shows us that farm 
managers play a big role in animal identification and traceability. Farm owner respondent said farm 
managers help in keeping the basic day-to-day running of the farm but getting them to use or keep 
information on the technical running of the farm is a challenge. He further explains finding farm 
managers who are literate or willing to follow specific farm management guidelines is difficult. Another 
farm owner gave their farm manager a book to start keeping records of cattle profiles and activities, but 
they only used it the first week and never went back. The interview transcripts from commercial farmers 
show that they have more success in managing their farms. As their sole purpose is to run the cattle 
farm for business, they hire farm managers who have the skills to do the necessary paperwork and 
physical work at the farm. Commercial farmers can pay their employees better money, which is why 
they get better employees.   
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Figure 31 Extract category 1 from the expansion of the “farm” component of the main tree hierarchy map Figure 
30. 

The second category is the system depicted in Figure 32, it represents all the contents that are related to 
system mentioned by respondents. The highest categories in system are animal traceability system, 
robust system, integrated system, and effective system. This study found out that currently there is no 
integrated system for all the stakeholders of animal traceability. BAITS is the current system, but it does 
not provide functionalities to all stakeholders except veterinarians who have higher control. The police, 
BMC, and Matimela officers have access to view, which has not been effective for the parties involved. 
For example, the matimela representative said they get provisions to re-register the stray cattle they find 
and give themselves ownership to be able to sell it. Provided that the system has all ear tag numbers 
and cattle ownership details the system should be able to allow matimela office to search for the ear tag 
number of the stray cattle and contact the owner to collect it. The ontology-driven framework will 
provide guidelines for developing animal traceability platforms that will integrate all stakeholders and 
systems that are robust and effective as countermeasures to the challenges presented by users.    
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Figure 32 Extract 2 from the expansion of the “system” component of the main tree hierarchy map Figure 30. 

 
Figure 33 Extract 3 from the expansion of the “cattle” component of the main tree hierarchy map Figure 30. 
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Cattle are the main component of this study, Figure 33 represents the components generated by NVivo 
software as sub-categories for the cattle category. The values are important as they will be used and 
included in the development of the ontology-driven framework. Components like cattle information 
represent the importance of giving full animal profiles in the system. Missing cattle brings to attention 
the fact that a method for tracking cattle locations should be incorporated with animal traceability 
platforms. BMC respondents said that the most profitable cattle are zero-tooth cattle, which provide 
farmers with high profits. As seen in Figure 33, target animals, zero-tooth cattle, are the main targets 
for thieves. Selling cattle, cattle owners, and cattle brands point to farmers, further proving that farmers 
are the main stakeholders of animal traceability.  

Hierarchy tree maps, Figures 30, 31 and 32, generated from NVivo, present visuals of the distribution 
and structure of the emerging theme from stakeholder feedback on animal traceability systems. The 
analysis results were validated manually based on animal traceability stakeholder feedback. The most 
prominent nodes include “farms”, “tags”, “animal”, “cattle”, “area”, and “system”, presented as the 
large rectangles. This indicates coding references at a high frequency in relation to these challenges. 
The issues that were frequently discussed by stakeholders are effectively highlighted in Figure 30, 
providing a diagnostic tool for the identification of dominant concerns. However, upon further 
evaluation, while the hierarchy tree gives clarity on the volume of themes, there is no direct 
representation of the depth of the themes. Figure 30 shows animal and cattle being separate prominent 
nodes, but they are similar. Cattle and its sub-nodes reflect the breadth of coding instead of the criticality 
of the issue. More structurally important challenges like “records”, appearing less frequently coded, are 
arguably more significant in the success of animal traceability systems. 

Regardless of these limitations, the hierarchy tree map is valuable in effectively exploring and scanning 
coding density to validate that the distribution of the themes is in alignment with the expectation based 
on the study's research questions. It was useful in guiding the identification of priority animal 
traceability areas for intervention in animal traceability. Cross comparison was also conducted with the 
other NVivo outputs (word frequency, cluster analysis, and coding matrix) to refine the challenges and 
suggested solutions of animal traceability. 

E. Project map 
The project maps are an NVivo output from the animal traceability transcripts, used in this study to find 
patterns and relationships from the data to find possible structures that can be extracted to develop the 
ontology-driven framework. The project maps, Figures 34 and 35, were built by user-directed input 
with the system-assisted layout optimization. NVivo organizes and manages the spatial layout using an 
algorithm for the nodes and their relationships. The manual development of project map to enable a 
conceptual and interpretive representation of the animal traceability landscape. Project map is used to 
synthesize and visualize the interconnections among thematic cases, data sources, and nodes associated 
to the feedback from stakeholders on animal traceability. Figure 34 illustrates how the main themes, 
“Cattle”, “Market”, “BAITS system”, “Farming”, and “Records” are linked to specific stakeholders, 
like farmer, veterinarian, BMC, and MOA. This visual helps in clarifying the individual feedback was 
distributed across the various thematic areas.  

 It is important in visualizing model relationships, stakeholder interactions, and workflows. When 
building the animal traceability domain models, the project map is useful. Furthermore, assisting in 
planning the ontology relationships, such as concept linking of “Herdboy”→ “Farm”→“Cattle”.  

Two thematic maps are produced by NVivo, Figure 34 and Figure 35, as project map results for the 
animal traceability data. Project maps were useful in informing the decision-making process of the 
overall functionality of the ontology-driven framework. It will assist in identifying suitable components 
and relationships of relevant factors for specific concepts in the ontology conceptual stage. Wilson and 
Bruni-Bossio [196] describe the application of visual project mapping as a method that is successful for 
laying out logical and mental processes for a project. The visual project mapping in Figure 38 has indeed 
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been useful in laying out logical and mental processes for the development of the ontology-driven 
framework for this study, with the visual of the parent and child relationships.  

 

 

 

Figure 34 Project map of the four main components generated by NVivo software. 

Large data can make it difficult to deduce the relations and themes. Figure 34 has provided a clearer 
and more detailed pictorial of collected animal traceability data. The project map harnesses the vision 
of this study to understand the large data clearly.  The main concepts identified Farming, Cattle Market, 
Records, and the BAITS system are depicted with each of their child relationships. The main concepts 
are also linked to the codes that were generated per district as illustrated in Figure 34. It is seen that 
unlike in Figure 34 where we see just the links of the parents and children, Figure 35 shows that the 
main concepts are also linked together through the codes and district interview transcripts. The concepts 
and their links will feed into the development of the ontology-driven framework. 
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Figure 35 Project map of the four main components, including the coding relationships from each District. 

The relationships presented in the project map are researcher-defined and not computed from an 
algorithm like the other visuals. There is a reflection of the analytic logic manually derived rather than 
a natural emergent connection. Project map is important in helping analytic transparency, overall 
structure communication of the findings in a coherent format, and identification of coding logic gaps. 
Overall, the map was used in internal analysis and external display of the coding decisions and coherent 
concepts within the study’s wide exploration into animal traceability challegens. 

4.4 Chapter Summary 
The findings and discussion chapter presented the results of the data collection that was deduced in the 
research data analysis chapter of this study. The analysis chapter synthesized data using NVivo software 
and Microsoft Excel. After the data was deduced, the tables and figures were presented and this chapter. 
The demographic findings of age, gender, source of income, and animal traceability outlook were first 
discussed based on the respondents’ feedback. Visuals generated by NVivo, like word frequency, coding 
matrix, project maps, and hierarchy tree maps, were presented and discussed. The visual presented 
valuable insights into the co-occurrence of key themes within stakeholder feedback on animal 
traceability systems. NVivo brings insight to the qualitative analysis for the ATO design. Each of the 
NVivo features strategically helps in the design of the ontology-driven animal traceability and the 
animal traceability ontology. The word cloud is the foundation of the actual data used as concepts for 
ATO, such as cattle, farmers, and records. The project map and cluster matrix derive logical 
relationships, used in the binary relation of the ontology. The tree map provides structure to the 
taxonomy. Lastly, coding matrix ensures input from the stakeholders is represented properly. The visuals 
were discussed based on the thematic patterns and contents illustrated, which were concerning the study 
topic. Both quantitative and qualitative results were discussed, and concepts were identified that 
answered the study's research questions. The next Chapter 5 proposes the ontology-driven Framework 
with derived information, patterns and contents provided in the Findings and Discussion of Chapter 4.    
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Chapter 4 main results that address the problem statement and align with the objectives start with the 
response of the current BAITS system according to the stakeholders. 39% believe that the BAITS 
system is ineffective and not useful to them in the traceability of their cattle and management of their 
farm. Only 17% of the stakeholders said BAITS has been helpful, but only in the identification of cattle 
when lost (if the ear tag has not been cut) and the sale of cattle. However, for the sale of cattle, the 
farmers are mandated to put ear tags on cattle to be sold, or the sale will not be permitted. This research 
also found out that stakeholders (focusing on farmers, law enforcement, and matimela officers) have 
been struggling with stray cattle, where the cattle go missing, are found by law enforcement, then taken 
to matimela kraals, only to be sold off after 15 days if not claimed. The stray animals are sold off even 
when they have ear tags that contain information about the farmer. The issue is that there is no 
interoperability in BAITS, so law enforcement and matimela officers have no way they identify the 
owner of the cattle. These results were found from the quantitative research methods. 

The data analysis observations underscore the necessity of triangulating matrix outputs with other 
NVivo tools, such as word frequency analysis and cluster diagrams, as well as returning to the raw data 
to contextualize patterns. This critical engagement strengthens the analytical rigor of the study, ensuring 
that recommendations for improving animal traceability systems are grounded not only in visible 
patterns but also in the depth and complexity of stakeholder experiences. Data results from the analysis 
tool NVivo were also key in informing the design of the ontology-driven animal traceability framework 
and the development of the animal traceability ontology. The framework will be grounded on the actual 
scope and structure for the stakeholders. Furthermore, ensuring that the ontology is built based on the 
practices and conceptulisations of the stakeholders. Making sure the ontology presents an interoperable 
and accurate knowledge representation. For example, if multiple interviews talk about “recording the 
diseases that affect the cattle” and “keeping a record of all the cattle they own”. The ontology will be 
guided to add concepts “infectedBy” and “belongsTo” 
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5 CHAPTER 5 PROPOSED ONTOLOGY-DRIVEN ANIMAL TRACEABILITY 
FRAMEWORK & ONTOLOGY DEVELOPMENT  

5.1 Introduction 
The purpose of this chapter is to provide a detailed description of the proposed framework. The chapter 
also describes the design of an animal traceability ontology. The design of the framework and ontology 
are based on concepts found as a result of the analysis provided in Chapter 4. Chapter 5 presents the 
proposed Ontology-Driven Conceptual Framework for Animal Traceability in Section 5.2 and the 
Animal Traceability Ontology in Section 5.3. The previous Chapter 4 Findings and Discussion 
illustrated theories and concepts that emerged from the data collected from the animal traceability 
stakeholders. The concepts from Chapter 4 and information from Chapter 2 (Literature review) are used 
to guide in identifying the relevant and necessary components for the development of the ontology-
driven animal traceability framework. According to Al-Baltah et al. [45] ontology is used to support 
semantic interoperability between data sources that are heterogeneous. Furthermore, ontologies will 
ensure that the data meaning that is exchanged and shared is understood by both the communicating 
parties. The main focus when developing the ontology framework is to guide in the creation of animal 
traceability systems that are interoperable and knowledge-driven. The framework will provide a 
foundation for creating traceability systems that is extensible and flexible, with ontologies that will 
allow for expansion and updating over time adding new technologies and data.  The proposed 
conceptual framework addresses  

RQ3: How can an ontology-driven approach address the challenges of interoperability and 
integration in animal traceability systems? 

The next Section 5.3 shows a step-by-step process of the development of an animal traceability ontology 
based on the information from Chapter 2 (Literature review), concepts from Chapter 4 (Research 
findings), and guiding principles of Section 5.2 (Proposed Ontology-driven Animal Traceability 
framework). It was important not only to develop an ontology-driven framework but also the animal 
traceability ontology because the ontology will further offer semantic reasoning, semantic clarity, 
interoperability, and standardization.  The animal traceability ontology development is in line with the 

RQ4: Which of the existing ontologies can be reused or created from scratch to develop the 
animal traceability ontology, given the defined components? 

 
Ontology data stores were thoroughly analyzed and checked for similar ontologies to adopt and 
incorporate that have similar features required by the animal traceability ontology. None of the existing 
ontologies found offered similar features that could be incorporated into this research. This research 
opted to develop the animal traceability ontology from scratch following one of the ontology 
development methodologies. Corcho et al. [96] state that currently ontology technologies are mature 
enough to develop ontologies from scratch using the available methodologies, languages, and tools. The 
study chose the methodology called METHONTOLOGY, Protégé development environment, and OWL 
language for the development of the animal traceability ontology. Chapter 2 (Literature review) 
provided justification for choosing METHONTOLOGY, Protégé, and OWL. 
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5.2 Proposed Ontology-Driven Animal Traceability Framework (ODF-AT) 
The main objective of the research is to develop an interoperable ODF-AT. The Framework will 
primarily guide the development and management of animal traceability platforms. Figure 36 is an 
illustration of the research objective. It is the ODF-AT that can be used as a guiding principle to develop 
animal traceability systems, websites, applications, and databases. The framework can also be adopted 
to develop systems in multiple fields like healthcare, cyber-crime, and education.  

 
Figure 36 The Ontology-driven Framework for Animal Traceability. 

This framework offers a standardized, integrated, semantic approach to managing traceability data, 
addressing the evolving challenges in the field. Comprising four layers − input, semantic core, 
knowledge management, and application − the framework facilitates seamless data flow and knowledge 
management. 

5.2.1 The Input Layer of the ODF-AT 
The input layer as depicted in Figure 36 is fed by different sources, the first source is the stakeholders 
who directly input data or make a query to the graphical user interface. The stakeholders for the system 
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are the farmers, veterinary, MOA, BMC, Matimela officers, and Police officers. The other input source 
is the sensor devices placed on the cattle and the farm for monitoring and triggering alerts. The 
information and alerts from the devices feed into the input layer. The last source that provides 
information to the system is the domain experts, the people who are considered to be experts in the field 
of animal traceability. Relevant and useful information is derived from the experts sent to the knowledge 
management system.  

Farm location which includes the farm environment plays an important role in the development of a 
system. The location and environment of a farm influence the type of sensor devices that can be used 
in the area. The current difficulty that farmers are facing is being able to use any type of system while 
at the farm because they are in very remote areas. Developers should consider developing systems that 
can function with satellites to accommodate areas that do not have internet connectivity. The type of 
farm – commercial or communal -  also influences the sensor devices used and the priority of 
components in the systems. Commercial farms that focus on business as their core objective of rearing 
cattle have different needs than a communal farm that rears cattle to feed and sustain the family. The 
type of sensor device that is implemented connected in the farms also depends on the needs of the 
farmer and their location. A communal farmer will need a tracking sensor device more than a 
commercial farmer because communal cattle go out of the farm area to graze by themselves which 
makes them more prone to theft. The commercial cattle graze in the farm-enclosed area together with 
feed provided by the farmer so they are better monitored than the communal cattle. The commercial 
farmer can use sensors to keep count, monitor cattle health, heat period, behavior monitoring, and track 
the movement of cattle for disease control. These sensors are also important to communal farmers with 
the addition of tracking devices to prevent theft. The current animal traceability system in Botswana 
does not incorporate any type of sensor device to obtain important information about the cattle. 

5.2.2 The Semantic Core Layer of the ODF-AT 
Within the semantic core layer, the process begins with a security authentication check for users logging 
into the system as seen in Figure 36. The security check is used to make sure the stakeholder’s private 
information is secure. Authentication is also used to determine who the user is and what privileges they 
have in the system. Each user has different viewing and editing privileges in the system. If the user has 
authorization the query proceeds to the next layer where the query will be processed, if not an error 
message is returned to the user.  In the semantic core layer, the queries from the user and alerts from 
devices are managed. The query from the user is first registered in the system. Query processing starts 
the decomposition of the query by transforming it from a high-level query to a relational algebra query. 
The query is then checked if it is semantically and syntactically correct. The decomposition involves 
semantic analysis, simplification, and query restructuring.  

The results from the query decomposition are processed in the query processor which then passes the 
query to the ontology query executor to check the requested query. The ontology query executor carries 
out four steps, it searches through the cache to check if there is an existing plan of execution for the 
query. If no execution plan has been parsed, then the query parser parses it through the semantic retrieval 
tree using SQWRL to the knowledge management layer. SQWRL is used as the query language for 
defining the set of Structural Query Language (SQL) like query operations from the ontology query 
executor. SQWRL constructs specifications for retrieval of information stored in the ontology base. 
Semantic retrieval using SQWRL is effective and useful in combining ontological properties and 
concepts with instances, SQL statements, and production rules. With the query statement, the animal 
traceability system interface between the user’s query intention and knowledge base is set up.  

5.2.3 The Knowledge Management Layer of the ODF-AT 
The knowledge management layer includes the MySQL database repository,  the ontology reasoner, and 
the ontology base with associated logs shown in Figure 36. The knowledge management layer is created 
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to describe the composite situation triggered and their animal traceability-related concepts. The first 
repository is a database for sensor data and domain expert data. All the information that is read by the 
sensor devices is stored in the repository along with the information that is inputted by experts in the 
field of animal traceability. The data is stored as raw data and MySQL performs the first manipulation 
of transforming the data into more organized structured information. The second repository is used for 
the ontology base and logs.  Ontologies are stored independently in the ontology base represented in 
OWL files. The ontologies are manipulated by the administrators and knowledge is deducted from them. 
Instances of the ontology relations and concepts are also stored in the instance base. The instances are 
used to represent and store different concepts like OWL files, electronic documents, and HTML pages. 
They are important for extracting new ontology constructs, and decision-making for adding and deleting 
ontology constructs.  

The repository also contains the ontology logs which provide a list of actions and executed operations 
that occurred in the ontologies. The logs are used for the recovery of ontologies in case of data/system 
corruption or inconsistencies. The ontology recovery occurs by the system reviews the ontology logs 
queries that are uncommitted and then rolls back changes to the queries made. The third repository is a 
registry of user details, device details, and services. The user details registry delivers a semantic 
description of the preferences and profiles of the system users. Relevant information pertaining to the 
status and profile of the sensor devices is provided in the device details registry.  The last is the service 
registry which supplies functional services that occur in accordance with the location of the service 
deployment based on the link between the event and suitable action services.  

The ontology reasoner also known as the semantic rules engine is an automated reasoner used to infer 
logical consequences from the set of axioms written in OWL. The reasoner provides mechanisms for 
performing the requested operations using inference rules from the ontology. For the animal traceability 
framework, the ontology reasoner carries out services of query answering. It is used to reason about the 
knowledge representation in the ontology, the input is from the animal traceability repositories.  First, 
it checks if the structure exists that satisfies the axioms by associating the reasoning with the animal 
traceability ontology and the query, if it fails a warning message is sent. If it passes it continues to the 
next phase to retrieve the user query results based on the satisfaction of the inference rules. Basically, 
the options at the user interface convert the user’s request to SQWRL query statements and at the 
ontology reasoner, the reasoner finds and extracts the information required from the animal database, 
registry repository, and ontology base then returns the query results to the user. The reasoner is important 
to the developer as it can ensure that the animal traceability model is always logically consistent in the 
classification.  

Apache Jena Fuseki is part of the animal traceability framework, it is a Simple Protocol for RDF Query 
Language (SPARQL) server that is run as a standalone server or an operating systems service. 
According to Chokshi and Panchal, [197] the creation of the SPARQL standard allows users and 
developers to concentrate on the things they would like to know and not on how the database has been 
organized.  Apache Jena Fuseki is utilized for information applications that are connected and building 
the semantic web. SPARQL supports querying and updating. The OWL Engine facilitates 
communication between the querying user and the answering server. A protocol for the question-
answering communication between agents using knowledge representation is defined by the OWL 
Engine. It works with the ontology reasoner to manage the animal traceability queries.  

5.2.4 The Application Layer of the ODF-AT 
The results of the query processed within the knowledge management layer are then forwarded to the 
application layer (Figure 36). The application layer computes the query and displays the answers to the 
stakeholders through the Graphical User Interface (GUI). It is like the outcome phase. The systems and 
applications developed are seen in this layer. The systems are handed over to the users and the user can 



 

90 | P a g e  
 

experience the system through the graphical user interface created. As seen in Figure 36 the outcome 
phase is connected with the stakeholders because they are the end users of the developed system.  

Another important aspect to be considered is the language the system will communicate in. In Botswana 
the current systems have language barriers with their users, the users understand the native language 
Setswana, but the system communicates fully in English. The developer should provide communication 
both in Setswana and English to cater to all users. When the system is completed after being trialed and 
tested, the developer has to deploy the system to the users with detailed descriptions and manuals. 
Training for users should be conducted as one of the unsuccessful objectives of the current system in 
Botswana. The training courses are important to inform the users and teach them ensuring that the 
system is being effectively used to assist its users. The developer can also identify problems in the 
system during the training and fix them in the early stages. Maintenance of the system is important as 
a component that will continue throughout the use of the system. New updates and fixes will be 
conducted in the maintenance step.  

Developers can adopt the already developed animal traceability ontology in section 5.3 and use the 
components to develop their system/application. Ontologies are used to provide semantic 
interoperability of agreed concepts for mutual communication of systems in animal traceability, and 
integration of information from the different stakeholders that all come together to form an ontology 
for animal traceability. The ontology provides scalability meaning that any new information that a 
developer wants to add can be easily added without making any substantial change. Reusability is very 
important in the era where technology is growing each day, the vocabularies and semantics in this 
ontology are reusable not only for animal traceability but also for other fields. This saves developer 
time and resources and allows for further growth of new ideas to be added in the future. 

5.3 Ontology Development Approach 
The main outcome of this research is an artfact in the form of an ontology. In this regard two main 
methodologies would be appropriate to follow: Deseign Science Methodology and the 
METHONTOLOGY. Design science methodology (DSM) is a broad, iterative approach for creating 
innovative products or systems to solve real-world problems, generating both the artifact and the 
knowledge about its use. Other hand, the METHONTOLOGY methodology is a specific, structured 
methodology used to build ontologies, which are explicit representations of knowledge, by providing 
detailed, quality-oriented phases and activities for their systematic development. The  
METHONTOLOGY was chosen over the DSM because the DSM provides a general research paradigm 
for the creation of artifacts, whereas the METHONTOLOGY is a more detailed and ontology-focused 
methodology for constructing the knowledge bases such as ontologies.  

5.4 Animal Traceability Ontology (ATO) Development 
As stated in Section 5.3, the animal traceability ontology was developed using the METHONTOLOGY 
methodology.  Al-Baltah et al. [45] suggest using METHONOTLOGY methodology to implement 
ontologies from different domains, believing it provides effective guidelines and better ontology 
products than the other methodologies. The ontology development tool used is Protégé 5.1.6 for the 
creation and visualization of web ontologies using the ontology language OWL.  

This research proposes and develops the animal traceability ontology to serve as a guiding principle for 
developing animal traceability systems. For countries like Botswana, Namibia, Malawi, and Kenya, 
which have been experiencing challenges with animal traceability systems (presented in Chapter 2, 
Literature review). Developers will need detailed steps and documentation to successfully integrate the 
ontology. METHONTOLOGY is chosen as the ontology development methodology because it has a 
development process that is systematic and comprehensive, with step-by-step phases – knowledge 
acquisition, specification, conceptualization, formalization, implementation, evaluation, and 
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documentation. METHONTOLOGY is suitable for developing the animal traceability ontology for 
developers and researchers who require being part of the development process before jumping to 
implementation, support for tools that make software engineering easy through clear documentation 
templates, ontology lifecycle management, and an evaluation checklist. The evaluation process ensures 
the ontology is semantically coherent by validating competency questions, checking consistency, and 
using metrics for quality assurance. These make it possible to easily deploy the animal traceability 
ontology in real-world systems. 

5.4.1 Animal Traceability Core Features 

5.4.1.1 Identification 
Identification is a form of uniquely identifying one cow from another cow. Identification is carried out 
and is important to all the animal traceability stakeholders. The most common method of identification 
for cattle is ear tagging. The ear tag contains a number that identifies the cattle owner and a unique 
number for each cow. The ear tag that contains a radio frequency identification device (RFID) 
technology is called an electronic ear tag. The electronic ear tag stores information about the cow, the 
sex, gender, color, identification number, location, and owner. Botswana sells electronic ear tags to 
farmers, but they are underutilized because the RFID inside the tag is not being used. The majority of 
the farmers do not know it exists, they only use the visible numbers of the tag. This is because farmers 
do not have and cannot afford ear tag reader devices. Farmers have also created their own ear tags that 
have the animal owner's details like location, name, and phone number. A mark is also used by the 
farmers on one side of the ear by making a unique cut that identifies the owner of the cattle.  

For any form of tracking or traceability to happen the first step is identification that can uniquely identify 
the cattle. The presented ontology-driven framework proposed the use of electronic devices to 
effectively identify cattle. Technologies like wearable devices, tracking collars, tracking tags, sensor 
devices, and the Internet of Things can be adopted by farmers to effectively collect the data that will be 
used for the ontologies. The current manual collection of data is flawed because there is a lot of human 
error that affects the results of animal traceability.   

5.4.1.2 Tracking  
Tracking of cattle is being able to record and store periodically time location of cattle movement using 
GPS tracking devices. Tracking is beneficial to farmers in providing time location of cattle when they 
are gone out for grazing. To study the movement patterns of the animals around the area, quickly 
identifying the location of cattle if they are lost or stolen, determining the location of a cattle if it died 
in the forest, and identifying the last movement of cattle before they got sick to determine disease 
infected areas. For farmers who work full-time and only go to their farms on weekends tracking will 
keep them involved remotely when they are not at the farm, they can better communicate and solve 
daily challenges with their farm managers. With trackers integrated with ontology systems police, BMC, 
and matimela can easily determine the location and movement history of the cattle without relying on 
word of mouth from the farmer. It will verify if indeed the farmer is the owner of the cattle. Tracking 
devices play a vital role in the ontology-driven framework in terms of the information that is fed to the 
ontology for knowledge management and interoperability. Respondents from MOS relayed that tracking 
is currently not a priority to them like traceability and they do not practice it. Furthermore, tracking 
benefits the farmers more than MOA because their main aim is animal disease. Farmers in Botswana 
are also not benefiting from the tracking devices because some of the farmers do not know about them 
and where they can find them, some of the devices are expensive for an average farmer.  

5.4.1.3 Traceability 
The only technological activity that is practiced in Botswana is animal traceability called the BAITS 
system. BAITS is provided by the government of Botswana. Traceability is used to track the lifestyle 
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of the cattle from farm to fork. That is the location where the cattle were born and other locations the 
cattle moved around before it was slaughtered. The food intake of the cattle, the disease the cattle caught 
and how it was treated, the vaccinations the cattle receive, and other supplements given to the cattle. 
The information is important to ensure the safety of the cattle meat that is being eaten by people. 
Currently, it is a struggle for farmers to record this information and provide it to the relevant 
stakeholders because the system is place is not effective nor user-friendly for farmers to record their 
data. The ontology developed in this study provides more crucial data that should be recorded and the 
user-friendly develop user friendly systems. The study presented the challenges with current system and 
proposed countermeasures that will assist developers and researchers when adopting the ontologies to 
develop animal traceability platforms.     

5.4.1.4 Farm Management 
The components of the animal traceability framework include important farm management aspects that 
all farmers need to adopt in order to run a profitable and manageable farm for the best animal traceability 
results. Farm management includes record management of cattle, employees, finances, inventory, and 
farm visitors. Productivity maintenance of the farmland and cattle. 

5.4.1.5 Interoperability 
The current system BAITS does not provide integration and interoperability for the stakeholders. 
Ontologies are proposed for their ability to effectively counter these challenges in animal traceability. 
Not all the stakeholders use the current animal traceability system they have developed their own 
systems even though they are all dealing with the thing “cattle”. MOA provides veterinary services and 
farmers with BAITS. Police and BMC only have viewing privileges, only BMC checks while the Police 
contact veterinarians when they want cattle information. BMC uses a system called integration for its 
animal traceability activities. Matimela employed a private company this year 2023 to develop a 
traceability system for their cattle activities. Most farmers use Microsoft Excel, which does nothing 
productive for the traceability of their animals. The proposed ontology-driven framework provides 
integration of an interoperable animal traceability system that all stakeholders can coincide and work 
together under one system to yield the best result in cattle rearing.  

5.4.1.6 Ontology Reuse 
Ontologies can be reused, thereby  save time, money, energy, and resources of the developer. The 
vocabulary that has been developed for ontology will be published online for developers and researchers 
to adopt. The study encourages system developers and ontologists to reuse the ontology in their studies 
in animal traceability and other fields of study. The study can be carried on with other innovative 
techniques to improve animal traceability further. 

5.4.2 Ontology Development - METHONTOLOGY 
This is the ontology development section for animal traceability using the METHONTOLOGY 
methodology. The METHONTOLOGY stages used for ontology development were adopted [96], [101], 
[198], [199], [200]. Figure 37 depicts the stages that were carried out during the ontology development 
process. The methodology has three main categories: management activities, development activities, 
and support activities. All the activities coincide together throughout the development process. Each 
stage of the activities is illustrated and described with relevant tables and figures that represent animal 
traceability data and concepts.  
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Figure 37 Ontology Development Activities as proposed by METHONTOLOGY [75]. 

5.4.2.1 Ontology Management Activities 
The ontology management activities include planning, control, and quality assurance. The first activity 
planning was carried out prior to the development of the ontology-driven framework for animal 
traceability. It was used to identify the tasks that were necessary to develop the ontology-driven 
framework. The tasks were arranged with the time and resources needed to fulfill them. The tasks can 
be seen in the specification stage of ontology development. The control activity was used to ensure that 
all the tasks that were planned were completed as intended. The last activity in ontology management 
is quality assurance which checks the quality of every methodology output and assures that it is 
satisfactory. Throughout the ontology life cycle the control activity and the quality assurance activity 
will be performed. 

5.4.2.2 Ontology Development 
The development activities begin after planning has been completed starting with the specification. 
Before the specification knowledge acquisition is conducted first to gather the knowledge from experts 
that is relevant to building the ontology. Most of the management activities and the support activities 
ran simultaneously with the development activities. Acquisition and evaluation are conducted in the 
conceptualization stage of development. The conceptualization is supplied by information from the 
knowledge acquisition activity. Evaluation is carried out mostly in the conceptualization stage to 
prevent errors when moving to the implementation stage. The integration process is not performed in 
the implementation stage only but throughout the development of the ontology. 
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5.4.2.3 Knowledge Acquisition 
Contextualization and empirical for the knowledge  acquisition phase is provided by the output from 
the data analysis and findings phase of this research (Chapter 3 Research Design and Data Analysis and 
Chapter 4 Findings and Discussion). In this activity, the aim was to acquire knowledge from stakeholder 
experts in animal traceability used in Botswana. Data obtained from interviews, and literature analysis 
provided insights into existing practices, stakeholder needs, regulatory guidelines, and best practices in 
animal traceability as illustrated in Figure 38. The use of NVIVO to review and interpret data from the 
stakeholder interviews and literature uncovered key patterns, entities, and gaps in animal traceability. 
This information analysed shapes the empirical foundation for the knowledge acquisition phase to 
define and formalise the relevant domain (animal traceability) concepts, constraints and relationships. 
Furthermore, ensuring that the model developed is contextually accurate and semantically rich. 
Providing an accurate reflection of the real-world practices of disease control, movement tracking, 
regulatory compliance, and animal identification. 

5.4.2.4 Specification 
According to Sawsaa and Lu [201] the specification stage starts by analyzing the purpose of the 
ontology then the goals, strategy, boundaries, and scope are identified. He further states that 
specification is important for avoiding problems of inconsistencies among classes of ontology. As 
depicted in Figure 38 the specification stage addressed the three main points. The purpose of the ATO 
was to address the challenges associated with non-interoperable animal traceability systems in 
Botswana. The goals of the ATO were identified as follows: (1) to enhance interoperability between 
different stakeholders involved in animal traceability, (2) to standardize vocabularies and data 
management practices among stakeholders, (3) to enable seamless data integration and exchange, (4) 
to derive value from traceability data for knowledge-driven economic opportunities, and (5) to support 
effective knowledge management for accurate and rich data about animal traceability. 

The boundaries of the ATO were defined by its focus on representing knowledge directly related to 
animal traceability, excluding unrelated areas such as non-animal agricultural products or broader 
environmental concerns. The ATO's scope encompassed enhancing knowledge representation and 
extraction, promoting reusability, and supporting cross-platform exchanges among various stakeholders 
involved in animal traceability. These stakeholders included entities involved in the lifecycle of cattle, 
such as farmers, veterinary services, Matimela officers, BMC, the Ministry of Agricultural 
Development and Food Security, law enforcement agencies, and the public.  

The ontology is intended to be a high-level ontology-driven framework that is capable of integration 
into developer applications and software, that has the potential to be applicable and adopted in a wide 
range of animal traceability platforms. From the acquired domain knowledge, requirements 
specification was added as a set of competency questions that the knowledge base created should answer 
from the developed ontology. The competency questions assist in understanding the research scope and 
in the validation stage of the ontology development using an animal traceability system/application 
developed. Competency questions were designed based on the codes and themes from the results of the 
data analysed by NVivo tool. The competency questions are created for developers who will adopt the 
Ontology to test the effectiveness of their developed animal traceability systems/applications, checking 
if it answers domain-specific questions. The selected competency questions from the many are as 
follows: 

1. What is the holding name and district location of the farmers? How many cattle reside in each 
of the holdings per farm?  

2. Who are the employees in the farm? 
3. How many cattle have been tagged in each holding? Brand, traceability tag, and personal tag? 
4. What is the birth rate and death rate of cattle monthly in a holding? 
5. What is the loss rate of cattle per holding per district monthly? 
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6. What tracking mechanism is used by farmers? Does the cattle tracking device provide the 
cattle coordinates? 

7. What vaccinations have been administered to cattle? Individually, date, ID, vaccination serial 
number? 

8. Which animals are sick? Diagnosis, attending person, solution? 
9. What are the audit results, to give farmers approval to sell to EU profitable markets? 
10. What is the role of each stakeholder in the system? 

We researched and checked to find similar ontologies in this domain that could be reused for this study, 
unfortunately, no ontology that exists was found that was suitable for this study. Technologies that were 
used in the development of the animal traceability ontology include Protégé 5.6.1 ontology development 
environment, OWL and RDF query language, Pellet Reasoner, SPARQL, and Apache Jena Fuseki for 
hosting the ontology and running SPARQL queries. 

 
Figure 38 Knowledge acquisition and Specification activities of the animal traceability ontology. 

5.4.2.5 Conceptualization 

In the conceptualization phase, the focus was to take the acquired knowledge to arrange and structure 
it using tables and graphs. The tables and graphs include the glossary of terms table, taxonomy, binary 
relations diagram, concept dictionary table, binary relations table, instance attributes table, class 
attributes, formal axioms table, and instances table as depicted in Figure 39. Zakaria et al. [202] describe 
the conceptualization stage as the change of informal data to semi-formal specifications with the use of 
representations based on graph and tabular notations guided by METHONTOLOGY.  The study used 
knowledge acquired to create meaningful models using concepts, instances, attributes, their relations, 
and axioms. The models make the ontology development easier to understand. Figure 39 depicts the 
steps that were taken to perform the conceptualization of the animal traceability ontology. The First step 
is building the glossary of terms as presented in Table 17.  
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Figure 39 The conceptualization steps for developing animal traceability ontology based on METHONTOLOGY. 

A. Building the Glossary  

The output from NVivo software in the data analysis phase plays a critical part in informing the 
construction of the glossary of terms. Thematic analysis and systematic coding was facilitated by NVivo 
of the stakeholder interviews and animal traceability documents. Recurring concepts, relationships, and 
terms specific to the domain were identified and categorised. The themes and codes serve as the primary 
input for building the glossary, ensuring the terminology in the ontology reflects the specific domain 
language that is grounded in empirical evidence. Table 17 lists the terms along with their description 
and synonyms. The next tables list the class data properties from the glossary of terms, with a 
description for each property, which are the sub-components. The glossary of terms is important to 
conduct at the beginning of the development to define and describe the terminologies that will be used 
in the activities involved in building the ontology. The full glossary of terms for the ATO is available at 
Figshare: 
(https://figshare.com/articles/dataset/AnimalTraceability_rdfAnimal_Traceability_Ontology/2446122
4?file=42977926) and Github: (https://github.com/tmokgetse/Animal-Traceability-Ontology ) 
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Name Description Synonym 
Cattle The animal in the ontology Cow 
Farm employee A person employed at the farm, a manager or herd 

boy 
Herd man/boy 

Farmer The person who owns the cattle and farm Rancher 
Organization The various professional offices that are involved in 

animal traceability 
company 

Veterinarian Government employee who provides various services 
to farmers for their cattle activities  

Vet, doctor 

Police Government employee who takes charge and 
investigates cattle theft 

Law enforcement officer 

Matimela  Stray cattle Missing cattle 
Matimela officer Government employee who deals with stray cattle - 
Ministry of Agriculture Government office that provides ear tags and animal 

traceability services 
- 

Botswana Meat Commission The organization that buys cattle from farmers that 
meet the regulations 

- 

Market The businesses that farmers go to sell their cattle, e.g 
feedlot 

Vendor 

https://figshare.com/articles/dataset/AnimalTraceability_rdfAnimal_Traceability_Ontology/24461224?file=42977926
https://figshare.com/articles/dataset/AnimalTraceability_rdfAnimal_Traceability_Ontology/24461224?file=42977926
https://github.com/tmokgetse/Animal-Traceability-Ontology
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Table 17 Glossary of Terms for Animal Traceability Ontology.  

Cattle Class and Farmer Class Data Properties of Glossary of Terms 

Table 18 depicts the glossary of terms for the class Cattle on the left side of the table and class Farmer 
on the right side of the table. Each data property for both classes is provided with a description of the 
term 

Cattle Data 
Property  

Description Farmer Data Property  Description 

Ear tag number unique number on the ear tag of a cow 
for identification 

National identity number A unique government appointed 
number that identifies a farmer 

Date of birth The day the cow was born First name The name that identifies a farmer 
Ear tag color A color on the tag that identifies cattle 

by groups of breed, gender, location, or 
owner 

Last name The last time that identifies a 
farmer 

Brand ID The unique number branded on the 
cow belonging to the farmer 

Age Age of the farmer 

Color The skin color of a cow Gender Sex of the farmer. Male or Female 
Sex The gender of a cow, male or female Address The current physical address of the 

farmer 
Breed Type of breed of the cow Contact The current mobile number used 

by a farmer 
Arrival and 
Depature dates 

The date a cow arrives and leaves the 
farm  

  

Calves Count The number of calves given birth to by 
a cow in a year 

Keeper ID number The unique number that identifies 
the farmer 

Market The place/person where the cattle is 
sold 

Nationality Nationality that the farmer belongs 
to 

Price The price that the cow was sold/bought Date of birth The day the farmer was born 
Table 18 Glossary of terms for the class Cattle and class Farmer. 

Farm Employee Class and Tracking Class data Properties of Glossary of Terms  

Identification A form of uniquely identifying one cow from another Recognition 
Tracking A technique for gathering the location of cattle. Trail 
Traceability A technique of tracing animals from farm to fork Trace 
Farm A place where cattle are reared Holding 
Records Documents kept about cattle, and practices on the 

farm 
Documents 

Disease A sickness that affects cattle sickness 
Vaccination A drug administered to cattle to prevent diseases Immunization 
Farm management Activities that are carried out at the farm day-to-day Holding management 

Employee Data 
Property  

Description Tracking Data Property  Description 

National identity 
number 

A unique government appointed 
number that identifies an employee 

Cattle ID Identification number of cattle 
used for tracking the cow 

First and  name The name that identifies an employee Farmer ID The identification of the owner of 
a particular cow being tracked 

Age Age of the employee Location The exact location of the cow at 
the time it is tracked 

Employment 
history 

The previous places of work of an 
employee 

Device name The name of devices used to track 
cattle 

Address The current physical address of 
employee 

Serial number The serial number of the tracking 
device 

Date of birth The day the employee was born Last updated The last updated information 
about the cow 

Contact The current mobile number used by 
employee 

Temperature The recorded temperature of the 
cow 

employee ID 
number 

The unique number that identifies 
employee from others in the farm 

Signal strength The signal strength of the tracking 
device at the location of the cattle 
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Table 19 Glossary of terms for class Farm Employee and class Tracking. 

Table 19 depicts the glossary of terms for the class Employee on the left side of the table and class 
Tracking on the right side of the table. Each data property for both classes is provided with a description 
of the term. 

Traceability Class and Disease Class data Properties of Glossary of Terms  

Table 20 depicts the glossary of terms for the class Traceability on the left side of the table and the class 
Disease on the right side of the table. Each data property for both classes is provided with a description 
of the term.  

Traceability Data 
Property  

Description Disease Data Property  Description 

Cattle ID  The unique number that 
identifies a cow  

Type The name of the disease 
affecting cattle 

Animal history The transfer of ownership 
history of each cow 

Cause Event, condition, or 
characteristic that plays an 
essential role in producing an 
occurrence of the disease 

Current owner details  The owner of the cattle name 
and location 

Treatment Description of how the cow was 
treated and name of drugs used 

Current owner 
location 

The current farm location of the 
cattle owner 

Dosage The amount/quantity of drugs 
administered to the sick animal 

New location of 
owner 

The transfer location of cattle 
from one location to another 

Cattle ID The identification number of the 
sick animal 

New Owner detials The identity of the person who 
has purchased the cattle 

Location Found The location where the animal 
was found sick 

Table 20 Glossary of terms for the class Traceability and class Disease. 

Organizations (Vet, MOA, BMC, Police) and Visitations Class data Properties of Glossary of Terms  

Table 21 depicts the glossary of terms for the class Organizations on the left side of the table and class 
Visitations on the right side of the table. Each data property for both classes is provided with a 
description of the term. 

Organizations Data 
Property  

Description Visitations Data Property  Description 

ID Identity number of the 
organization 

Full Name First and last name of a visitor 
entering a farm 

Name Name of the person/organization Contact  The phone number of the visitor 
Address office address of the 

organization 
Reason  Detailed reason for the visit to 

the farm 
Contact  Phone number of the 

organization 
  

Service Provided The type of service provided by 
the organization 

  

Table 21 Glossary of terms for the class Organizations and class Visitations. Glossary of terms for the class 
Organizations and class Visitations. 

Vaccination Class and Farm Class data Properties of Glossary of Terms 

Nationality Nationality that the employee belongs 
to 

details The details of the cows were 
recorded at their exact location 

Date employed  The date the employee started working History The history record of each cow 
tracked 

Last day The date the employee stopped 
working 

Track ID The identity number that identifies 
the tracking history  of the cow 
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Table 22 depicts the glossary of terms for the class Vaccination on the left side of the table and class 
Farm on the right side of the table. Each data property for both classes is provided with a description of 
the term.  

Vaccination Data 
Property  

Description Farm Data Property  Description 

Name The name of the vaccination Farm ID The unique number that 
identifies each farm holding 

Brand The type of brand of vaccination Location The GPS coordinates of each 
farm location 

Serial number The serial number on the 
vaccination container 

Zone The district in each farm belongs 
and disease status of each 
district. Either green for safety 
or red for danger  

Date bought The date the farmer bought the 
vaccination from the shop 

Farm details The name and contacts of farmer  

Date administered The date the vaccination was 
administered to the cattle 

Audit results The results from veterinary after 
performing an audit at a farm for 
export regulations compliance 

Expiry date The expiry date written on the 
vaccination 

Female Count The number of female cattle a 
farm is holding 

Dosage the amount that is administered 
per cow 

Male Count The number of male cattle a 
farm is holding 

Cattle ID The identification number of 
each cow vaccinated 

Total Count The total number of cattle in a 
holding 

Details The use and reason for 
administering vaccines. 
Diseases it is preventing 

Lost The number of cattle that have 
been lost 

Schedule The dates each cow should be 
vaccinated 

Stolen and Dead The number of cattle that have 
been stolen and dead 

Table 22 Glossary of terms for the class Vaccination and class Farm. 

Financial and Inventory Class data Properties of Glossary of Terms 

Table 23 depicts the glossary of terms for the class Financial on the left side of the table and the class 
Inventory on the right side of the table. Each data property for both classes is provided with a description 
of the term.  

Financial Data 
Property  

Description Inventory Data 
Property  

Description 

Budget The amount of money the farmer plans 
to use for each month 

Item ID Serial number of machine and tool 

Overhead 
Expenditure 

The fixed amount of money the farmer 
spends each month 

Item Name The name of the machine and tool 

Variable 
Expenditure 

The amount of money a farmer uses per 
month changes 

Item Price The price of the machine and tool were bought  

Profit The amount of money made by farmers 
after deductions 

In farm The tools that are currently on the farm 

Contingency The amount of money kept for 
emergencies 

Borrower The name of the person who has borrowed a tool a 
machine 

Petty Cash The amount of money spent on small 
unexpected daily 

Date Borrowed The date the machine or tool was borrowed 

Salaries The amount of money paid to employees 
each month 

Date Returned The date the machine or tool was returned 

Equipment  The amount of money spent on 
equipment each month 

Lost  The machines and tools that are lost 

Feed The amount of money spent on cattle 
feed each month 

Stolen  The machines and tools that have been stolen 

Vaccines The amount of money spent on cattle 
vaccines each month 

Out of Farm The full list of machines and tools that have been 
borrowed or sent for repair 
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Transportation The amount of money spent on the 
transportation of cattle each month 

Farm area The village/town the farm is located 

Sale and profit The total sales made monthly Farm name The name of the farm tools belong 
Employee ID The employee identities that are paid 

monthly and per job 
  

Cattle ID The identity of all cattle sold and bought   
Table 23 Glossary of terms for the class Financial and class Inventory. 

Market Class data Properties of Glossary of Terms 

Table 24 depicts the glossary of terms for the class Market. The data properties for the class are provided 
with a description of each term.  

Market Data Property  Description 
Cattle ID The identity of all cattle sold and bought 
Farmer ID The identity number of the farmer making cattle transactions 
Quantity  The number of cattle transacted 
Cattle price (per cow) Price set for each cow transacted 
Total  The total amount paid for cattle transactions 
Sale dates The dates cattle were bought and sold 
Table 24 Glossary of terms for the class Market. 

B. Building the Concept of Taxonomies 

The development of concept taxonomies was carried out to classify the glossary of terms into 
hierarchical structures. In the animal traceability taxonomy, Figure 40 depicts the taxonomy properties: 
disjoint decomposition, exhaustive decomposition, subclass, and partition. Disjoint decomposition 
means that an instance can only belong to one subclass, and the subclasses are mutually exclusive. In 
Figure 40, “Device” and “Location” are disjoint subclasses of “Tracking”. In exhaustive decomposition, 
the instances of the class should be covered by its subclasses, so each instance should belong to at least 
one subclass. Exhaustive subclass is depicted in Figure 40, showing that “Farmer” is exhaustively 
decomposed into “Commercial” and “Communal”; this means every farmer is either commercial or 
communal. The next property is partition, which is both an exhaustive decomposition and disjoint. In 
partition, the classes are divided into non-overlapping subclasses that collectively cover all the instances 
of the superclass. Figure 40 depicts that “Records” is partitioned into “Employee”, “Vaccination”, 
“Disease”, “Market”, and “Financial”. Lastly, the properties in the subclass show that the subclasses 
“Veterinary, BMC, MOA” all inherit the properties of their superclass “Organisation”. The animal 
traceability taxonomy is critical for effectively structuring knowledge hierarchies and facilitating data 
organization and reasoning that is enhanced in animal traceability systems. 



 

101 | P a g e  
 

 
Figure 40 Taxonomy for animal traceability. 

C. Developing the ad hoc Binary Relations 
The ad hoc binary relations are built next after completing the taxonomy and concept classification 
trees. Relationships between concepts of the same taxonomy were identified in this step to map 
interrelationships that will form the required map of knowledge. Figure 41 shows the ad hoc binary 
relations built for the animal traceability ontology.  
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Figure 41 Ad hoc binary relations built for the animal traceability ontology. 
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D. Semantics of the Binary Object Properties 
Table 25 describes the semantics of the binary object properties from the binary relations shown in 
Figure 41. The object property belongsTo is functional, meaning that each cattle is owned by only one 
farmer at a time. There is no inverse functional because a farmer can own multiple cattle. It is not 
transitive, as ownership does not propagate transitivity. There is no symmetric as no ownership is a 
directional relationship. 

Object 
Property 

Domain Range Functional Inverse 
Functional 

Transitive Symmetric 

belongsTo cattle farmer yes no no no 

employs farmer employee no no no no 

infectedBy cattle disease no no no no 

preventedBy disease vaccination no no no no 

keptBy records farmer no no no no 

locatedAt cattle farm yes no no no 

manages manager farm no no no no 

performs veterinary vaccination no no no no 

buys market  cattle no no no no 

usedBy traceability farmer no no no no 

taggedWith cattle eartag yes yes no no 

sells MOA eartag no no no no 

buysFrom BMC farmer no no no no 

ServiceTo traceability police no no no no 

providesTo matimela farmer no no no no 

locatedBy cattle tracking yes yes no no 

given farmer brandId yes yes no no 

Table 25 Semantics of the Binary Object Properties  

The object property locatedAt is functional, meaning that an animal is located at one place at a time. 
There is no inverse functional because a location can house multiple animals. It is not transitive because 
if an animal is located at a farm, and the farm is in a region, the animal is not directly located in the 
region. There is no symmetric as location is directional. 

The object property employs is not functional as a farmer can employ multiple employees. There is no 
inverse functional because an employee might work for multiple farmers. It is not transitive because if 
farmer A employs employee B, and employee B supervises worker C, it does not imply that farmer A 
employs worker C. There is no symmetric as employment is a directional relationship; if farmer A 
employs employee B, it does not mean employee B employs Farmer A. 

The object property taggedWith is functional since each cow is typically associated with a unique 
eartag. There is an inverse functional as each eartag is assigned to a single cow. It is not transitive 
because the tagging relationship does not propagate transitively. There is no symmetric because if cow 
A is tagged with eartag B, it does not imply eartag B is tagged with cow A 
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The object property locatedBy is functional because each cow is associated with a unique tracking 
device. There is an inverse functional as each tracking device is assigned to a single cow. It is not 
transitive because the location relationship does not propagate transitively. There is no symmetric 
because if Cattle A is located by Tracking Device B, it does not imply Tracking Device B is located by 
Cattle A. 

The object property given is functional since a farmer assigns a unique BrandID to each cow. There is 
an inverse functional as each brandID is associated with a single farmer. It is not transitive because the 
assignment relationship does not propagate transitively. There is no symmetric because if a farmer gives 
a BrandID to a cattle, it does not imply that the BrandID gives the farmer to the cattle. 

A. Building the Concept Dictionary 
From the ad hoc binary relations, the concept dictionary is used to specify the properties, instances, and 
relations for the description of each concept from the taxonomy. According to Santoso [198] a concept 
dictionary is used to identify the instances of attribute components from the concepts, to be able to fully 
describe the concept in the form of knowledge. It works as a structured repository for the domain-
specific knowledge. The concept dictionary should contain the domain concepts, their relations, 
instances, also their class and instance attributes [199]. The concept dictionary is built in Table 26, 
which contains the domain concepts, instances, class attributes, instance attributes, and concept 
relations. Each concept is given a full description of knowledge using the domain concepts as shown in 
Table 26. The class attributes, instance attributes, and relations are local concepts; thus, the names given 
have been repeated in other concepts. In the development of ATO, the concept dictionary is used to 
standardize the terms and relationships, to make sure there is consistency in semantic descriptions 
across multiple creation assets and systems. 

Concept Name Instances Class attributes Instance Attributes Relations 
Farmer Farmer_Lesego 

Farmer_John 
Type of control National ID number 

First name 
Last name 
Age 
Gender  
Address 
Contacts  
Keeper ID number 
Nationality 
Date of birth 

Employs 
Owns 
Buys 
Updates 
sellsTo 
uses 
reportsTo 
applyTo 
receiveFrom 
given 
 

Herd Boy Employee_Neo 
Employee_Leo 

Type of managing ID number 
First name 
Last name 
Gender  
Contacts   
Nationality 
Date of birth 
Employment history 

employedBy 
Treats 
Manages 
Performs 
Uses 
 

Manager Manager_Mpho 
Manager_Kevin 

   

Organizations MOA 
BMC 
Veterinary 
Police 
Matimela 

Type of control ID 
Name 
Address 
Contact 
Service Provided 

Performs 
Audits 
Sells 
serviceTo 
manages 
buysFrom 
respondsTo  
confirmsFrom 
owns 
uses 
Approval/Denial 
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providesTo 
diagnoses 
 

Traceability LITS, 
BAITS 

Type of monitoring Cattle ID  
Farmer ID (owner) 
Current owner name 
Current owner 
location 
New location 
transfers 
New Owner details 
Animal history 

usedBy 
managedBy 
serviceTo 
performedTo 

Tracking RFID-Based 
animal tracking 
systems, 
Electronic 
identification 
tags 

Type of monitoring Cattle ID 
Farmer ID 
Location 
Device name 
Serial number 
Last updated 
Temperature 
Signal strength 
Track ID 
Track details 

Locates 
 

Vaccinations Foot and Mouth 
Vaccine, 
Bovine Viral 
Diarrhea 
Vaccine 

Type of prevention Name 
Brand 
Serial number 
Date bought 
Date administered 
Expiry date 
Dosage 
Cattle ID 
Vaccine schedule 
Details 

BoughtBy 
AdministeredTo 
AdministeredBy 
Prevents  
 

Financial Annual 
Valuation 
Record, Cash 
Book, , Payment 
reciepits 

Type of monitoring Cattle ID 
Employee ID 
Farm name 
Variable 
Expenditure  
Overhead 
Expenditure Profit  
Budget  
Contingency  
Vaccines 
Salary 
Sale 
Transportation 
Equipment 
Feed 
PettyCash 
Profit 

Belongsto 
updatedBy 
about 
 

Inventory Equipment 
maintenance 
logs, Livestock 
inventory 

Type of monitoring Item ID 
Item name 
Item Price 
Borrower 
Date borrowed 
Date returned 
Item lost 
Item stolen 
In farm 
Out of farm 

Belongsto 
updateBy 
about 

Disease Foot and mouth 
Bovine 
Respiratory 

 Type 
Cause 
Treatment 

Infects 
diagnosesBy 
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Cattle ID 
LocationFound 
Dosage 

Cattle Cow123 
Cow456  

 ID 
Ear tag ID 
Ear tag color 
Brand ID 
Owner ID 
Color 
Sex 
Date of birth 
Location 
Breed  
Calve count 
Arrival date 
Calve ID 
Departure date 
Sold and Bought 
price 
Market 

trackedBy 
taggedWith 
tracedThrough 
kept 
locatedAt 
administered 
BelongsTo 
soldTo 
ManagedBy 
infectedBy 

Visitations Researcher1,  
Buyer1,  
Seller1  

Type of monitoring Full Name 
Contact 
Reason 

 

Farm Sandveld_farms, 
Lesego_farms 

 Farm ID 
Farmer ID 
Farm name 
Location GPS 
Zone  
Audit results 
Female Count 
Male Count 
Total Count 
Lost 
Stolen 
Dead 
Cause of death 

BelongsTo 
auditedBy 
locationOf 
managedBy 

Market BMC, 
Sandveld_farms 

 Cattle ID 
Farmer ID 
Quantity  
Cattle price (per 
cow) 
Total  
Sale dates 

buysFrom 
buys 

Table 26 Concept dictionary used to specify the properties, instances, and relations. 

B. Describing the ad hoc Binary relations  
In this step, a merger among the relations and attributes that were built in the concept dictionary step is 
conducted.  This is done to incorporate all the components of the animal traceability ontology as 
illustrated in Relational Table 27. The relational table specifies the name of the relation, the name of the 
source and its target, and the inverse relation. Table 27 shows a relation called employs, the source is 
farmer and its target is manager, with an inverse relation Isemployed.  

Relation Name Source Concept Target 
Concept 

Inverse Relation 

RegisterTo Farmer Traceability Isregistered 
Employs Farmer Manager Isemployed 
Owns Farmer Cattle Isowned 
hasTraceabilityInteractions Organizations Traceability hasTraceabilityInteractions 
Administers Manager Vaccination Hasadministered 
Treats Manager Disease Treated 
Tracks Manager Cattle Tracked 
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Manages Manager Farm managed 
employedBy Manager Farmer Employs 
Belongsto  Traceability MOA Hastraceability 
Locates Tracking Cattle Islocated 
HasPoliceInteraction Tracking Cattle HasPoliceInteraction 
BelongsTo Records  Farmer  Hasrecords 
hasFarmerInteraction Records  Farmer  hasFarmerInteraction 
AdministeredTo Vaccination  Cattle  Isadministered 
Prevents Vaccination  Disease  Prevented  
HasDiagnosis Disease Veterinary  Diagnosed  
HasSigns Disease Cattle  hasSigns 
HasFarmerInteraction Regulations  Farmer  HasFarmerInteraction 
soldTo  Cattle  Market  Issold 
BelongsTo Cattle  Farmer  Hascattle 
Register Cattle Traceability  Isregistered 
HasTraceabilityInteraction Location  Cattle  HasTraceabilityInteraction 
HasTrackingInteraction Location cattle  HasTrackingInteraction 
Table 27 Merger among the relations and attributes built in the concept dictionary. 

C. Describing Instance Attributes 
This step aims to describe the instance attributes from the concept dictionary in detail. The instance 
attributes are described in Table 28. In OWL the instance attributes are defined as data type properties 
when developing the ontology in Protégé. Table 28 shows each data type property row containing a 
detailed description of the instance attributes with specific fields. The specific fields are the data type 
property, the name of the concept it belongs to, the value type, and its value range. The presented Table 
28 shows a fragment of the animal traceability ontology instance attribute table. Other fields of instance 
attribute for concepts have not been included in the table because of limited space. The concept Farmer 
from the table has data type properties ID number, First name, and Age with value type integer and 
string. Furthermore, listing value ranges for each being ID number 0-10, First name 0-20, and Age 0-3. 
 
Datatype property Concept name Value type Value range  
National ID number Farmer Integer 0-10 
First name  String 0-20 
Age  integer 0-3 
employee ID Employee  String  0-10 
Phone number  Integer 0-15 
Nationality  String  0-20 
Name Organizations  String  0-50 
Physical Address  String  0-100 
Postal address  String  0-100 
Cattle ID  Traceability Integer 0-10 
Farmer ID  String  0-10 
Location transfers  String  0-150 
Owner transfers  String  0-150 
Serial number Tracking  Integer  0-25 
Device name  String  0-100 
Full name Visitations String  0-20 
Reason   String 0-250 
Brand Vaccination  String  0-50 
Serial number  String  0-25 
Date  Integer  0-15 
Expiry date  Integer  0-15 
Overhead Expenditure Financial  Integer  0-12 
Profit  Integer  0-12 
Budget  Integer  0-12 
Item price Inventory  Integer  0-12 
Borrower  String  0-100 
Diagnosis Disease String  0-150 
Cause  String  0-15.0 
Treatment  String  0-150 
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Ear tag number Cattle  String  0-12 
Brand ID  String  0-5 
Owner ID  integer 0-10 
Location name Farm String  0-50 
Location GPS  String  0-20 
Audit results  String  0-250 
Table 28 Description of the instance attributes from the concept dictionary. 

D. Class Attribute Description 
Class attribute Table 29 describes in detail the class attributes that have been listed in the concept 
dictionary. The table details each class attribute with its defined concepts and value types. Type of 
managing class attribute is defined by the concept farm employee, and the value type String is one of 
the presented class attributes in Table 29. Class attributes are properties that are used for the description 
of concepts as a whole, they are not inherited by subclasses or their instances [199]. While instance 
attributes are used for the description of properties that are specific to individual instances of a concept, 
class attributes refer to the concept as a whole. From Table 28, FirstName and ID are datatype properties 
for a specific farmer concept, whereas the type of control in Table 29 is a class attribute of the farmer 
concept. The values of the type of control would be shared, public, or private, which indicates the type 
of ownership for cattle by a farmer. 

Class Attribute name Defined concept Value type 
Type of control Farmer, Regulations, Organization String 
Type of managing Farm employee String 
Type of monitoring Traceability, Tracking, Records, 

Financial, Inventory 
String 

Type of prevention Vaccination String 
Table 29 Description in detail of the class attributes. 

E. Axioms Description 
The animal traceability ontology uses OWL 2, and one of the main components of OWL 2 is axioms. 
Axioms are statements that show what is true in the animal traceability domain. The axioms permit 
relationships to be discovered among the class expressions [203]. Table 30 shows the class expressions 
in the form of subClassOf axioms, equivalentClasses axioms, disjointClasses axioms, and disjointUnion 
axioms. Table 30 presents the class expression, the corresponding axiom in the animal traceability 
ontology, and its interpretation.  

Stating that each instance of one class expression is also an instance of another class expression is a 
subClassOf, a hierarchy of classes can be created. In Table 30, class “cattle is subClassOf calf, which 
means every instance of a calf is an instance of cattle. In equivalentClasses, the multiple class 
expressions are equivalent to each other. In Table 30 the equivalentClasses axiom states that 
“vaccinatedAnimal :objectSomeValuesFrom(:hasReceived :vaccination)”, which means that an animal 
is a vaccinatedAnimal if it has received at least one vaccination. DisjointClasses axioms express that 
multiple class expressions do not have instances that are common, that is, pairwise disjoint. From Table 
30 “:farmer and :oragnization” are disjointClasses, which means that an individual cannot be both a 
farmer and an organization. The last is disjointUnion axiom that defines a class as a disjoint union of 
multiple class expressions, it covers constraints. The expression “:traceabilityMethod disjointUnionOf: 
branding, earTagging, GPSMonitoring” states a disjointUnion that means each TraceabilityMethod is 
uniquely one of RFIDTagging, BarcodeLabeling, or GPSMonitoring, as seen in Table 30. 
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Class 
Expressions 

Axiom Interpretation 

SubClassOf :calf :cattle Every instance of a calf is an instance of cattle 

 :communal :farmer Every instance of a communal is an instance of 
farmer 

 :herdBoy :employee Every instance of a herdBoy is an instance of 
employee 

 :inventory :record Every instance of a inventory is an instance of 
record 

 :veterinary :organization Every instance of a veterinary is an instance of 
organization 

EquivalentClasses :vaccinatedAnimal 
:objectSomeValuesFrom(:hasReceived 
:vaccination) 

An animal is a VaccinatedAnimal if it has 
received at least one Vaccination 

 :traceability 
objectSomeValuesFrom(:providesService 
:traceabilityService)) 

An entity is a Traceability if it provides a 
TraceabilityService 

 :cattle  

objectIntersectionOf(:cow 

objectSomeValuesFrom(:taggedWith :earTag) 

objectSomeValuesFrom(:locatedAt :farm) 

  ) 

An individual is a Cattle if and only if it is a cow 
that has at least one taggedWith relationship to 
an EarTag and at least one locatedAt 
relationship to a farm 

 :farmCattle 

objectSomeValuesFrom(:locatedBy 
:trackingDevice 

An entity is farmCattle if it is located by a 
trackingDevice 

 :farmer  

objectIntersectionOf(:person 

objectSomeValuesFrom(:owns :cow) 

dataSomeValuesFrom(:hasBrandID xsd:string)) 

An individual is a Farmer if and only if it is a 
Person who owns at least one cow and has a 
hasBrandID data property with a string value. 

DisjointClasses :cattle :sheep No individual can be both Cattle and Sheep 

 :farmer :organization An individual cannot be both a farmer and an 
organization 

 :employee :organization An individual cannot be both an employee and 
an organization 

DisjointUnion :traceabilityMethod 

 DisjointUnionOf: branding, earTagging, 
GPSMonitoring 

Each TraceabilityMethod is uniquely one of 
RFIDTagging, BarcodeLabeling, or 
GPSMonitoring. 

 :farmRecord 

DisjointUnionOf: financialRecord, 
InventoryRecord, healthRecord 

Every FarmRecord is exactly one of 
FinancialRecord, InventoryRecord, or 
HealthRecord 

 :healthStatus 

DisjointUnionOf: healthy, sick, recovered 

An animal's healthStatus is exclusively one of 
Healthy, Sick, or Recovered 
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Table 30 Axioms description of concepts definable in OWL. 

F. Description of Instance 
The last step illustrates relevant instances from the concept dictionary. The following tables describe 
each class of animal traceability ontology instance. Each instance table defines the concept name, 
instance names, attributes of the instance, and their values. The animal traceability ontology has many 
instance created but because of limited space, one instance is illustrated for each class in the following 
tables.  

Instance table for class Farmer 

Table 31 describes the instance Farmer of the instance table of the animal traceability ontology. The 
instance is of the concept Farmer illustrating the attributes with corresponding values for each attribute 
as presented in Table 31.  

Concept name Instance name Attributes Values 
Farmer Farmer_Lesego National ID number 54625647 

Farmer_John First name Nayang Otlhe 
 Age 35 
 Gender  Male 
 Address Sandveld farms, Khwee, Central District 
 Contacts  267 75668824 
 Keeper ID number 5832657 
 Nationality Motswana 
 Date of birth 06-05-1988 

Table 31 Description of instance Farmer. 

Instance table for class Farm Employee 

Table 32 describes the instance Farm Employee of the instance table of the animal traceability ontology. 
The instance is of the concept Farm Employee illustrating the attributes with corresponding values for 
each attribute as presented in Table 32.  

Concept name Instance name Attributes Values 
Herd Boy  ID number 469512756 
 Employee_Neo 

Employee_Leo 
First name Kealeboga Atang 

 Gender  Male 
 Age 40 
 Address Plot 547 Serowe 
 Contacts  267 74593624 
 employee ID  H301 
 Nationality Motswana 
 Date of birth 19-07-1983 

  Employment history Last job at Maboane farms 
for 2 years. From 
20/02/2022 

Table 32 Description of instance Farm Employee. 

Instance Table for Organization 

Table 33 describes the instance Organization of the instance table of the animal traceability ontology. 
The instance is of the concept Organization illustrating the attributes with corresponding values for each 
attribute as presented in Table 33. 
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Concept name Instance name Attributes Values 
Organization MOA ID Vet100 
 BMC Name Central Veterinary 

Veterinary Address Plot 215 Palapye 
Matimela Contact 267 4925100 
Police Service Provided Permit approvals and denials 

Table 33 Description of instance Organization. 

Instance table for Traceability 

Table 34 describes the instance Traceability of the instance table of the animal traceability ontology. 
The instance is of the concept Traceability illustrating the attributes with corresponding values for each 
attribute as presented in Table 34.  

Concept name Instance name Attributes Values 
Traceability LITS, BAITS Cattle ID  101 
  Farmer ID (owner) 54625647 

 Current owner name Nayang Otlhe 
 Current owner location Sandveld farms 
 New location transfers Hardveld farms 
 Trace ID 005 
 New Owner ID 658426514 
 New Owner name Viola Davis 

  Animal history One owner only 
Table 34 Description of instance Traceability. 

Instance table for Vaccination 

Table 35 describes the instance Vaccination of the instance table of the animal traceability ontology. 
The instance is of the concept Vaccination illustrating the attributes with corresponding values for each 
attribute as presented in Table 35.  

Concept name Instance name Attributes Values 
Vaccination Foot and Mouth Vaccine, 

Bovine Viral Diarrhea 
Vaccine 

Name SUPAVAX 

  Brand MSD Animal Health 
 Serial number G2643 (Act 36/1947) 
 Date bought 25-05-2023 
 Date administered 26-05-2023 
 Expiry date 05-06-2023 
 Dosage 2 mℓ 
 Cattle ID 101 

  Vaccine schedule 3 to 4 weeks after 
inoculation and lasts for at 
least 1 year 

  Details  For the active immunization 
of cattle against anthrax, 
botulism and blackleg. do 
not slaughter animals for 
human consumption within 
2 weeks of vaccination. 

Table 35 Description of instance Vaccination. 

Instance table for Tracking 

Table 36 describes the instance Tracking of the instance table of the animal traceability ontology. The 
instance is of the concept Tracking illustrating the attributes with corresponding values for each attribute 
as presented in Table 36.  
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Concept name Instance name Attributes Values 
Tracking RFID-Based animal tracking 

systems, Electronic 
identification tags 

Cattle ID 101 

  Farmer ID 54625647 
 Location GPS 22.5515° S, 27.1147° E 
 Device name Oyster Edge 
  Serial number OE52654 

  Last updated 0hrs 02mins 
  Temperature 38.2 C 
  Signal strength HIGH 
  Track ID 1012 
 Table 36 Description of instance Tacking. 

Instance table for Visitations 

Table 37 describes the instance Visitations of the instance table of the animal traceability ontology. The 
instance is of the concept Visitations illustrating the attributes with corresponding values for each 
attribute as presented in Table 37.  

Concept name Instance name Attributes Values 
Visitations Researcher1,  

Buyer1,  
Seller1  

Full Name Henry Stan 

  Contact 267 72556951 
 Reason To view the cattle for 

possible sale 
Table 37 Description of instance Visitations. 

Instance table for Financial 

Table 38 describes the instance Financial of the instance table of the animal traceability ontology. The 
instance is of the concept Financial illustrating the attributes with corresponding values for each 
attribute as presented in Table 38.  

Concept name Instance name Attributes Values 
Financial Annual Valuation Record, 

Cash Book, , Payment 
reciepits 

Cattle ID 101 

  Employee ID 469512756 
 Farm name Sandveld1 
 Variable Expenditure  P20,000.00  
 Overhead Expenditure P100,000.00 
 Profit  P 50,000.00 
 Budget  P25,000.00 
 Contingency  P5 000.00 

  Vaccines P1500.00 
  Salary P5000.00 
  sale P30,000.00 
  transportation P2500.00 
  Equipment - 
  feed P10,000.00 
  pettyCash P500.00 
  profit P30,000.00 
Table 38 Description of instance Financials. 

Instance table for Inventory  

Table 39 describes the instance Inventory of the instance table of the animal traceability ontology. The 
instance is of the concept Inventory illustrating the attributes with corresponding values for each 
attribute as presented in Table 39.  
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Concept name Instance name Attributes Values 
Inventory Equipment maintenance 

logs, Livestock inventory 
Item ID T2 

  Item name Tractor 
  Item Price P250,000.00 
  Farm name Sandveld farms 

 Farm area Mmashoro 
 Borrower - 
 Date borrowed 25-03-2023 
 Date returned - 
 Item lost Mr Lefika Nata 
 Item stolen - 
 In farm 30-03-2023 

Table 39 Description of instance Inventory. 

Instance table for Disease 

Table 40 describes the instance Disease of the instance table of the animal traceability ontology. The 
instance is of the concept Disease illustrating the attributes with corresponding values for each attribute 
as presented in Table 40.  

Concept name Instance name Attributes Values 
Disease Foot and mouth 

Bovine Respiratory 
Type pasteurollosis 

  Cause Bacterial infection, 
suspected for animal bite or 
scratch  

 Treatment Pasteurella isolates are 
susceptible to oral 
antimicrobials such as 
amoxicillin, 
amoxicillin/clavulanic acid, 
tetracyclines, 
fluoroquinolones 
(ciprofloxacin, ofloxacin, 
levofloxacin, moxifloxacin), 
and trimethoprim-
sulfamethoxazole 

 Cattle ID 101 
 LocationFound Sandveld 

Table 40 Description of instance Disease. 

Instance table for Market 

Table 41 describes the instance Market of the instance table of the animal traceability ontology. The 
instance is of the concept Market illustrating the attributes with corresponding values for each attribute 
as presented in Table 41.  

Concept name Instance name Attributes Values 
Market BMC, Cattle ID 101 
 Sandveld_farms Farmer ID 54625647 

BMC, Quantity  50 
 Cattle price (per cow) P10,000.00 
 Total  P500,000.00 
 Sale dates 22-04-2023 

Table 41 Description of instance Market. 
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Instance table for Cattle 

Table 42 describes the instance Cattle of the instance table of the animal traceability ontology. The 
instance is of the concept Cattle illustrating the attributes with corresponding values for each attribute 
as presented in Table 42.  

Concept name Instance name Attributes Values 
Cattle  Cow123 ID 101 
 Cow456 Ear tag ID 5758 

 Ear tag color red 
 Brand ID 1435 
 Owner ID 54625647 
 Color tshweu 
 Sex Female 
 Date of birth 06-05-2021 
 Location Sandveld farms 
 Breed  1 
 calve count - 
 Arrival date 20-04-2023 
 Calve ID 50 
 Departure date 22-04-2023 
 Sold price P500,000.00 
 Bought price - 

  Market  BMC 
Table 42 Description of instance Cattle. 

Instance table for Farm 

Table 43 describes the instance Farm of the instance table of the animal traceability ontology. The 
instance is of the concept Farm illustrating the attributes with corresponding values for each attribute 
as presented in Table 43.  

Concept name Instance name Attributes Values 
Farm Sandveld_farms, 

Lesego_farms 
Farm ID 101 

  Farmer ID 54625647 
  Farm name Sandveld 
  Location GPS GPS 22.5515° S, 27.1147° E 
  Zone  Central, C10 
  Zone status Green 
  Audit results Good 
  Zone Central 
  Female Count 2500 
  Male Count 500 
  Total Count 3000 
  Lost 150 
  Stolen 260 
  Dead 20 
  Cause of death Foot and mouth 
Table 43 Description of instance Farm. 

5.4.2.6 Formalization and Implementation 
The next stage of animal traceability ontology is the transformation of the conceptual model to a semi-
computable or formal model, that is the formalization stage. Figure 43 Below illustrates the steps that 
will be taken in the formalization stage. This stage is carried out in the ontology development tool 
Protégé 5.6.1 in OWL language, Figure 42.a shows the Protégé 5.6.1 environment that was used. 
Protégé is developed by Standaford Medical Informatics at Stanford University [204]. Furthermore, it 
is an open-source free ontology platform. Protégé enables developers to develop and populate formal 
knowledge-based and ontology applications straightforwardly. At the start of a new project, it is required 
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to choose a type of format for the ontology, the study chose the OWL/XML format as shown in Figure 
42.b. Throughout the ontology development, the ontology reasoner will run to infer information that is 
not represented explicitly in the ontology.  

The Pellet reasoner in Protégé was employed to provide the following services: consistency checking, 
equivalence checking, and instantiation checking. To visualize the Animal Traceability ontology 
protégé plugins OWLViz and OntoGraf were employed.  OWLViz result created a knowledge-based 
graph of the Animal Traceability classes in PNG format. OWLViz is said by Kassani and Kassani [204] 
to be a highly configurable and powerful extension that provides a graphical description of the semantic 
relations to help users visualize the classes in OWL ontology.     

 
(a) Protégé 5.6.1 Ontology Development Environment. 

 
(b) Selecting language OWL Syntax. 

Figure 42 Protege Startup process 
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Figure 43 Formalization process for animal traceability ontology. 

A. Creation of Classes and Sub-Classes in Protégé 
Figure 44.a shows the created class “cattle”, which is classified under owl:Thing. owl:Thing is found 
at http://www.w3.org/2002/07/owl as part of the OWL vocabulary, developed by W3C. Figure 44.b is 
the created subclasses “international” and “local” which belong to the superclass “market”, then 
subclasses of local as “feedlot” and “public”. The second and third-level classes describe more detailed 
and refined information about the superclass. The superclasses and subclasses have been arranged in an 
inheritance hierarchy. This was carried out with all the classes and sub-classes that were identified and 
described in the conceptualization stage. The complete list of classes and subclasses developed in the 
ontology is seen in Figure 45. 
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(a) Created class “cattle”. (b) Created sub-classes of class “market”, as 
“international” and “local”, and sub-classes of “local” 
being “feedlot”, and “public”. 

Figure 44 Class and Sub-class creation 

 

 
Figure 45 Complete list of the animal traceability ontology classes, sub-classes, and sub-sub-classes. 

 

B. Creation of Object Properties in Protégé 
The following step is the created object properties for the animal traceability ontology. Figure 46 
illustrates the object “taggedwith” created in Protégé.  

 
Figure 46 Creating object properties for the animal traceability ontology. 

The OWL object properties describe the association between two entities of a given domain.  The object 
“taggedwith” is created  as shown in Figure 46, also given a lable and comment. Concepts are linked 
using the different types of defined properties. Figure 47 depicts the list of all the ATO object properties 
created in Protégé.  
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Figure 47 depicts the list of object properties created in Protégé for the animal traceability ontology. 

Each of the object properties has defined domains and ranges. Figure 48 shows that the object property 
“taggedwith” is an inverse of “taggedto”, the associations are domain “cattle” and range 
“identification”, and its characteristics are “Functional” and “Inverse functional”. Concepts are linked 
using the different types of defined properties.  

 
Figure 48 The domains and ranges for object property “taggedwith”. 
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C. Creation of Data Properties in Protégé 
The third step of ontology development is the creation of data properties. Figure 49.a illustrates the 
creation of data property “arrivadate” under the main class “cattle”. The data properties will be created 
under each class they belong. This was done for ease of use and understanding, rather than creating all 
data properties without their classes. All the classes that will have data properties under them were 
created for the ontology, and a full list is shown in Figure 49.b. 

 

 

 

(a) Creation of data property ”arrivaldate” under class “cattle” (b) All the classes that will have data properties 
created under. 

Figure 49 Creation of Data Properties 

Figure 50 shows all the data properties that were created for the ontology. Each of the data properties is 
under the class they belong to. For data properties like “firstname”, “lastname”, “age”, and “gender” 
that belong to more than one class, they are created under one class “farmer”. However, when instances 
are created, they will be used for the class “employee” also.  
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Figure 50 Created Data Properties of ATO using Protege 

After the creation of the data types, they are assigned to classes. Figure 51 illustrates how each property 
had its domain defined, for the data property “arrivaldate” the domain was defined as “cattle”. The data 
type for the data property “arrivaldate” was also assigned a data type “dateTime” as shown in Figure 
51. 
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Figure 51 Adding features to data types 

D. Creation of Individuals by Class in Protégé 
Individuals in the ontology are the members of a defined class that have set constraints. The next step 
in the development of the animal traceability ontology is creating the individuals. To effectively 
describe the representation of knowledge, the constraints domain and range of the properties are used. 
The range defines the individual type that is the object in the RDF triple, and the domain defines the 
individual type that is the subject. The individuals in the ontology were added by manual entry. The 
instances were created directly in Protégé. Some of the data was sourced from the data that was collected 
in the field, for example, instance “Sandveld” of class Location, instance “Central” for class Zone, and 
instance “Foot and Mouth” of class Disease are real-world instances. Figure 52 illustrates the created 
individuals for the class “disease”. The individual “foot and mouth” is shown along with its description 
and property assertions. The property assertions are created by aligning object properties and 
individuals from other classes, for example object property “preventedby” is associated with the 
individual “aftovax” from the class “vaccination”. 
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Figure 52 Creation of individual “foot and mouth” for class disease. 

A complete list of individuals for class disease created is shown in Figure 53.a, listing the various 
diseases that infect cattle. More individuals were created for all the ontology classes and sub-classes, 
ans example of subclass location instanes is shown in Figure 53.b. 

 

 

 

(a) Depiction of individuals created for class disease. (b) List of the individuals that belong to subclass 
location of class farm. 

Figure 53 Individuals for animal traceability 
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After the individuals are created, they are allocated to the different classes giving them meaning and 
details. The data properties and object properties created are used in this stage to assign properties to 
the individuals and to create all the relations for the classes of the ontology. For example, the “Farmer 
1” individual will be assigned specific properties using data properties “firstname”, “lastname”, “age”, 
“gender”, “contacts”, “address”, and others. The object properties of “Farmer 1” that relate it to other 
individuals, for example, will be “employs” relating it to “employee”, object property “owns” related 
to “cow1”, object property "buys” related to the vaccine, and many more. The limitation of space 
restricts presenting all the data, relations that were created, and all ontology developments. The animal 
traceability ontology is published and all details can be found online at Figshare.com. 

5.4.2.7 Results of the Animal Traceability Ontology 
A. Model of the Animal traceability ontology - OWLViz 

 
Figure 54 Pictorial from Protégé OWLViz of the animal traceability ontology. 
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OWLVi a plugin from the Protégé tool that creates a pictorial of the animal traceability ontology classes 
as seen in Figure 54. Animal Traceability ontology acts as a base for developers and researchers to 
perform reason and query in the knowledge-base environment. Figure 54 depicts the superclass, 
subclasses, sub sub-classes on the ontology. Class “Market” is linked with sub-classes “local” and 
“international”, they have further linked sub-classes “public”, “EU”, “feedlot”, “regulations”, and 
“others”.  According to Kassani and Kassani [204] owl:Thing class is a representation of the concept of 
a user-defined class for reasoning facilitation. This visualization demonstrates how all classes and 
subclasses are organized under the root class owl:Thing, emphasizing the structured and hierarchical 
nature of ontology. By visually representing these relationships, OWLViz facilitates understanding how 
various entities within the animal traceability domain are interrelated. 

B.       OntoGraf 

 
Figure 55 Pictorial from Protégé OntoGraf of the animal traceability ontology. 

Visualization with Protégé OntoGraf, illustrated in Figure 55, provided additional insights by map-ping 
out the interrelationships among different classes using dotted arrows to show connections. These visual 
indicators of relationships demonstrated how individual components, such as "cattle", "farmer", 
"veterinarian", and "traceability", interacted within the overall system to achieve a unified approach to 
animal traceability. The OntoGraf tool highlighted the interconnectedness of these components, 
showing that although each class was developed individually, they were designed to work together 
seamlessly to support the comprehensive tracking and management of animal-related data. 

The use of both OWLViz and OntoGraf ensured a robust visualization of the ontology's structure and 
interrelations, making it easier for developers, researchers, and stakeholders to comprehend and utilize 
the ontology. These visual tools not only demonstrate hierarchy and relationships but also validate the 
ontology's consistency and completeness, ensuring its reliability for practical appli-cations. 
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5.5 Chapter Summary 
Building the ontology for Animal Traceability determining concepts, object properties, data properties, 
and individuals will provide Animal Traceability stakeholders to efficiently infer and extract knowledge 
that is valuable from the data. The ontology development tool Protégé was used to develop the ontology 
in stages as illustrated in the chapter. The ontology is expected to satisfy the identified requirements 
(Objective 1), and formal representation of knowledge requirements from the proposed Ontology-
driven Animal Traceability Framework (Chapter 5). After building the ontology the next step is to use 
Apache Jena Fuseki server to execute SPARQL queries and extract triple information via the web. As 
well as perform ontology evaluation through an ontology evaluation tool called OntoMetrics. The 
following Chapter 6 will provide illustrations and descriptions of executing SPARQL queries and 
computing matrices through OntoMetrics. Evaluating and validating ontologies is important in avoiding 
excessive concepts, subclass relationships that are incompatible, and ambiguity of terminology. 
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6 CHAPTER 6 ONTOLOGY EVALUATION 

6.1 INTRODUCTION 
The purpose of this chapter is to present a critical and detailed evaluation of the animal traceability 
ontology that was detailed in Chapter 5. Evaluating the ATO is important to ensure that it is effective 
and can be applied in the real-world context of agriculture and supply chain. The aim is to determine 
how the ATO can capture the animal traceability domain, simplify main operations (identification, 
animal movements, regulatory complaince), and support cross system interoperability. The importance 
of ontology evaluation persists because ontologies are in constant development thus standardization and 
improvements are required [205]. According to Amith, et al. [206], the process of determining the 
ontology quality based on the set of evaluation criteria, considering the type of ontology and its purpose 
is known as ontology evaluation. McDaniel and Storey, [207] agree that a set of specified criteria or 
metric computations is important in the quality assessment of an ontology. Furthermore, using 
assessment metrics provides information that is quantifiable about the ontology attributes, which 
contributes to the interoperability among the systems.  

This study conducted animal traceability ontology evaluation using various metrics from the 
OntoMetric web-based tool (https://ontometrics.informatik.uni-rostock.de/ontologymetrics). As stated 
by Achim [208] using metrics for ontology evaluation offers a means of quickly grasping the set of 
attributes. He further states the metrics provide objective methods of ontology assessments offering 
information that is condensed, for example, classes to relation ratio and breadth and depth of graph. 
Together with metrics, Lantow [50] suggests using solutions that are web-based because they are 
provided publicly and independent from the ontology development environments. The advantage of 
techniques that are metric-based for ontology evaluation is the results that give a quantitative 
perspective   of the quality of the ontology [209]. Moreover, the ontology is thoroughly scanned 
gathering various statistics of the knowledge contained in the ontology [209].   

It is important to validate ontologies to determine the quality and correctness based on ontology quality 
criteria [50], [210]. The quality and correctness of an ontology are determined by metrics that are 
formally defined for the evaluation process. The main measure types used are structural measurement, 
functional measurement, and usability-profiling measurement [211]. Each one of the measurements has 
metrics that are used to calculate the quality of the ontology using defined ontology attributes. The 
quality and correctness of the ontology determines interoperability and formal standardization of the 
ontology. All the metrics and application results will help in determining if the animal traceability 
ontology is interoperable and has standardized definitions for organization integration. Functional 
evaluation was also conducted through SPARQL queries (Apache Jena Fuseki). OntOlogy Pitfall 
Scanner! (OOPS!) was used to evaluate pitfalls for ontology consistency and correctness. 

This research will be also conducting the evaluation by comparing the animal traceability ontology and 
a similar ontology called animal health ontology  from (http://datadrivensurveillance.org/animal-health-
ontology-aho/) the National Center for Biomedical Ontology [212]. The process of comparing the 
ontologies is called ontology alignment, one ontology is called the reference, and the other candidate. 
The animal health ontology is called the reference and the animal traceability ontology is the candidate. 
Animal health ontology has been trialed, tested, and managed by the Swedish National Veterinary 
Institute. It is available online for use at GitHub and Bioportal. The comparison will help validate the 
animal traceability ontology by identifying issues of inconsistencies, errors, and redundancies. Ensuring 
semantic interoperability and compatibility. Overall identification of parts that need optimization and 
improvement to ensure the developed animal traceability ontology performs effectively and efficiently. 
To the best of our knowledge, the animal health ontology was the only ontology this research found 
with published ontologies closer to this research. The comparison will also validate the reasons for 

https://ontometrics.informatik.uni-rostock.de/ontologymetrics
http://datadrivensurveillance.org/animal-health-ontology-aho/
http://datadrivensurveillance.org/animal-health-ontology-aho/
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developing the animal traceability ontology from scratch and not adopting an already existing ontology. 
Table 44 shows the 3 types of ontology evaluation used against the metric used to calculate them. 

A combination of these evaluation approaches will assist in assessing the alignment and structural 
integrity of the ATO with domain’s best practices and eisting standards. At the end of this through 
evaluation, the objective is to establish the ATO’s suitability for deployment in the traceability systems.    

Evaluation technique Metric 
1.Structural Base 
 Schema 
 Graph 
2.Functional Knowledgebass 
 Class 
3.Usability Object Properties 
 Data Properties 
 Class Axioms 

Table 44 Evalution Techniques and Metrics 

6.2 Structural  Evaluation 
According to Rebekka et al. [211] the structural measure evaluation process is focused on the formal 
semantics and syntax of the ontology. Dividino et al. [213] concur that the structural measure employs 
metrics that assess the topological dimension and logical adequacy of the ontology, thus the ontology 
graph structure syntax. Furthermore, the topological dimensions include breadth, connectivity, leaf, 
depth, tangledness, sibling distribution, and modularity. The schema metrics also provide attributes that 
measure the structure of an ontology. This would include depth, richness, inheritance, and width [213], 
[214]. In addition, Lourdusamy and John [215] says that the structure is also measured using the total 
number of properties, classes, individuals, and children maximum number. Formal semantics are found 
through the logical adequacy of the ontology [214]. Logical adequacy is the measurement of the 
ontology consistency and complexity. The logical adequacy is explained as the lack of contraction of 
facts deduced from the ontology model. That means an agreement between entities based on the 
semantic ontology language is a consistent ontology [213].  

6.2.1 OntoMetrics Evaluation Tool 

The main metrics used to evaluate ontologies on schema and instance metrics using five criteria: Base, 
Schema, Graph, knowledge, and Class. The quantity of the ontology elements has an effect on the 
ontology quality because it affects the ontology processes of reuse, alignment, and merging. The metrics 
used for evaluating the animal traceability ontology are adopted [209], [216], [217], [218]. The metrics 
adopted from researchers are computed automatically using the evaluation tool OntoMetrics developed 
by Michael Poppe and Martin Lichwark. 

Lantow [219] emphasizes the need for ontology automatic calculations for the assessment of ontology 
quality. Furthermore, promoting knowledge development based on the ontology metrics application. 
The knowledge base and ontologies complexities require automated evaluation [50]. Manual 
evaluations will not suffice because of the major resources Lantow [50] and major time Lantow [219], 
Pizzutiet al. [96] that will have to be used for the metric computations. Various approaches have been 
suggested to ontology metric calculations for practical use and empirical evaluations but the web-based 
tool (OntoMetric) has been the best [216], [220], [221]. OntoMetric is the best because it is firstly 
independent and not attached to any ontology development environments like OntoCheck in Protégé 
which may cause bias to the ontology results. Secondly, OntoMetric is publicly available and easily and 
freely accessible to use at any time. Lantow [50] states that OntoMetric supports standardized ontology 
format OWL2 and RDF, collects a theory of the metrics and provides the validation, further analysis 
can be done from the XML machine-readable output that is provided. The first process using 
OntoMetrics to evaluate the Animal Traceability ontology is the OWL ontology file is uploaded to the 
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web-based tool, and the metrics Base, Schema, Knowledgebase, Class, and Graph are selected to be 
computed in the file.  

6.2.1.1 Base Metric 
The base metric is described by Gobin-Rahimbux [222] as a metric with basic computations that present 
the ontology element's quantity. The elements include counting the axioms, classes, data properties, 
individuals, and objects that are used in the ontology. According to Khan [217], the quantitative 
overview is important because the ontology size affects the alignment, merging, and reuse of the 
ontology process. Figure 56.a presents the base metric results from the OntoMetric tool for the animal 
traceability ontology and the reference ontology results in Figure 56.b. Overall base metric results are 
included in the computation of the ontology structure, to evaluate the quality of the ontology. 

 

 

(a) Base Metric results from computing 
AnimalTraceabilityOntology.owl file. 

(b) Base metric results from computing 
AnimalHealthOntology.owl file. 

Figure 56 Base Metric 

6.2.1.2 Axioms 
The axioms are the main component in the ontology that presents the truth in the domain. The computed 
results from Figure 56.a indicate that the developed ATO encompasses 1637 axioms. This illustrates 
that a logically rich and comprehensive framework is designed to model the complexities of cattle 
identification, health, movement, regulatory compliance, and cattle ownership. These axioms spread 
across multiple categories of the ATO, including data and property characteristics, class hierarchies, 
logical constraints, and individual assertions. Class hierarchies were established for the representation 
of animal traceability entities. For example, subclass :calf :cattle axiom means that all the instances of 
“calf” are also instances of “cattle”. The object property features define the relationships among 
individuals, with the axioms defining their features, like functional properties and domain and range. 
Functional property ensures the relationships are unique, for example, “FunctionalObjectProperty 
(:isLocated)” axiom means that each cow has one location. For data property axiom 
“DataPropertyDomain (:hasEarTag :Cow), DataPropertyRange (:hasEarTag xsd:string)” defines 
“hasEarTag” applies to “Cow” and the value is string. Data type defines the classes and their data types. 
This axiom indicates that Bessie has FarmerJohn as an owner. 

Individual assertions are defined by axioms such as object property assertions, for example, 
“ObjectPropertyAssertion (:isEmployed :Lesego :FarmerNayang)”. The axiom indicates that Lesego is 
employed by FarmerNayang. Logical axioms of ATO are used to enforce constraints and for enabling 
reasoning. Such as the axiom “DisjointClasses (:MovementRecord :FinancialRecord)” ensures that a 
record cannot be both a MovementRecord and a FinancialRecord. This prevents overlapping of class 
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memberships. My results are consistent with researcher Gobin-Rahimbux [222], that axioms are for 
datatype definitions, classes, assertions, and properties. Axioms are important because they make sure 
that the ontologies developed are interoperable with the other ontologies and systems [217]. It is 
achieved by standardized definitions of constraints and relationships in an ontology. The axiom values 
also determine the ontology's ability to give structured and formal domain knowledge representation. 
Furthermore, the representations are used for decision-making, knowledge management, and reasoning. 

The logical constraints axioms improve the data quality by ensuring that the data is accurate and 
consistent, which is critical for animal traceability effectiveness. The standardized relationships and 
terminology enhance interoperability by enabling data exchange that is seamless between the 
stakeholders (farmers, veterinarians, matimela officer, MOA, and BMC). 

Axioms can be used to represent the size of the ontology. Figure 56.a indicates that the developed ATO 
contains 1637 axioms. The comparison Animal Health ontology (Figure 56.b) contains 144 axioms. 
Animal traceability ontology is not a small ontology but rather a medium-sized ontology, which means 
1000 axioms is considered the optimum size; the recorded number is 1178. The animal health ontology 
(Figure 56.b) is small and thus recorded 144 axioms, which is smaller than the recommendation. Khan 
[217] interprets axioms based on the size of the ontology, he recommends that for small ontologies, the 
axiom value should be a minimum of 250, and 500 for an optimum size. As the size increases, the value 
will double.  

6.2.1.3 Schema Metrics 
The ATO was evaluated to assess the effectiveness of its design and structural quality using schema 
metrics, computed through the Ontometrics evaluation tool. The use of schema metrics to analyse the 
ontology design is aligned with research by Gobin-Rahimbux [224]. The schema metrics give insights 
into the ATO’s relational complexity, depth, and breadth. This is important to ensure interoperability, 
knowledge management that is effective, and detailed domain representation. Figure 57 presents the 
results from the Ontometrics tool of the ATO schema metrics, showing inheritance richness, relationship 
richness, and class/relation ratio. Tartir [211]  with this study’s choice of schema metric to use, he lists 
inheritance richness, attribute class ratio, axioms ratio, attribute richness, and relation ratio to evaluate 
in an ontology.  

 

 

(a) Animal Traceability Ontology Schema metrics 
results from OntoMetrics. 

(b) Animal Health Ontology Schema metrics results 
from OntoMetrics. 

Figure 57 Schema Metrics  
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A. Inheritance Richness (IR) 
IR is used to measure the average number of subclasses per class in the ontology [218]. It stipulates 
how the distribution of knowledge is across hierarchy of the ontology [219]. The IR for ATO was 
computed through Ontometrics tool, using Equation 4.  

 
Equation 4 Inheritance Richness (IR)  

Where:   

o Subclasses (C1) for class (Ci) - are defined as ,  total number of subclass (inheritance) 
relationships. 

o (C) - defined as the ontology total number of classes. 
 

The ATO has IR results of 0.692308 (Figure 57.a), indicating an ontology structure that is moderately 
detailed. The balance facilitates precision in the representation of animal traceability, interoperability 
and data with external stakeholder systems. Detailed knowledge encourages seamless data collaboration 
and integration, facilitating easy interoperability with external ontologies and systems. 
The results interpretation is consistent with the IR results definition, which states that an ontology with 
low IR (closer to 0) is considered to be a deep ontology called vertical; it has very detailed knowledge 
[218]. High IR (approaching or exceeding 1) is a shallow ontology called horizontal; it has a wide range 
of knowledge that is general [218].  
 

B. Relationship richness (RR) 
The RR of the schema metric evaluates the diversity of relationships in the ATO by measuring the non-
inheritance relationships to the total number of relationships. Tartir explains that an ontology containing 
inheritance relationships only typically conveys minimal information, unlike an ontology containing a 
set of diverse relationships [211]. RR is a representation of the non-inheritance relationship percentage 
among classes in comparison to the possible connections, including the non-inheritance and inheritance 
relationship. Equation 5 is used to calculate RR. 

 
Equation 5 Relationship richness (RR) 

Where: 
 (P) – defined as the number of non-inheritance relationships, e.g., disjoint classes, object properties, and 
equivalent classes. 
 (H) - divided by the total number of relationships defined in the schema (the sum of the number of inheritance 
relationships). E.g., subclass relations. 

 
The RR result of ATO is 0.709677 as presented in Figure 57.a, showing that a significant presence of 
diverse relationships in the ATO. The ontology will support queries that are complex and integrate with 
other systems and ontologies. ATO RR (0.709677) being closer to 1 than 0 suggests that ATO classes 
have strong connections, making it interoperable. As compared to the animal health ontology RR 
(0.333333), closer to 0 (Figure 57.b), which indicates that it only has sub-sub-class relations, it is 
limited. The results are following the interpretation that if the value RR is close to 1, it indicates a rich 
taxonomy that contains more relationships than class-subclass relations; if the value RR is closer to 
zero, the taxonomy has class-subclass relations only [211]. 
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C. Class/Relation ratio (CRR) 
The schema metric CRR is used to evaluate the balance between the number of classes and the number 
in the ATO. Equation 6 is used to calculate the CRR of ATO through the division of classes by 
relationships [224].  
 

 
Equation 6 Class/Relation ratio (CRR) 
 
Where: 

o (C) is the total number of classes. 
o (R) is the total number of relationships, including inheritance and non-inheritance relationships. 

The CRR for the ATO is calculated as 0.419355 (Figure 57.a). indicating a moderate level of descriptive 
richness per class. This balance ensures that classes are sufficiently described without overwhelming 
complexity. This interpretation of the ATO CRR results is as per definition that if CRR is equal to 1 
coverage of elements with names is good, if CRR is greater than 1 it is an indication of problems that 
some descriptive names have collapsed, and if CRR is less than 1 there is medium coverage of the 
descriptive names [225]. The lower complexity of the ATO will make it easier to adopt in the real world, 
as compared to the animal health ontology with 2.66 CRR, which indicates problems with descriptive 
names. 

6.2.1.4 Graph Metrics  
An ontology could be envisioned as a graph structure that allows the implementation of structural 
analysis with the use of graph metrics [220]. Furthermore, the graph metrics are used to quantify the 
ontology configuration based on its hierarchical relationships, complexity, and structure. The main 
components used to compute the graph metrics for the ATO are depth, breadth, path ratio, structural 
properties, and cardinality. They were computed using the Ontometrics evaluation tool and provided 
the results presented in Figure 58.a.  

  
(a)  Animal Traceabilty Ontology Graph metrics 
results from OntoMetrics. 

(b)  Animal Health Ontology Graph metrics results 
from OntoMetrics. 

Figure 58 Graph Metrics  
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The depth in the graph metrics results reflects the vertical complexity of the ATO, that is, how deeply 
the concepts are nested in the class hierarchies. The absolute depth of ATO is measured at 71 (Figure 
58.a), indicating the maximum number of hierarchy levels. The average breadth of ATO is 1.820513 
(Figure 58.a), computed by dividing the total sum of the hierarchical path lengths by the number of 
paths. Lastly, the maximal depth of 3 (Figure 58.a) is the length of the ATO’s longest hierarchy path. 
These results indicate that the ATO has well-built vertical structures for supporting reliable hierarchy 
and classification reasoning, crucial for reuse and interoperability. The results follow the interpretation 
that ontologies that have an average depth of 0.9 are said to be structurally reliable [121]. 

The breadth metrics are used to evaluate the ontology horizontal spread, representing the subclasses 
number per class and showing how the concepts branch out at every level. The ATO absolute breadth 
is calculated at 36 as seen in Figure 58.a, as the total generational levels. 3.25 is the average breadth of 
the ATO computed by the division of the total number of child classes by the number of parent classes. 
The last breadth metric is the maximal breadth, representing the widest point of the ATO at 12. The 
total breadth of ATO (sum of absolute, generational levels, and average breadth) is 51.25. The breadth 
metric results of the ATO suggest a degree of horizontal complexity that is moderate. This interpretation 
is derived from research that indicates that high breadth values, total breadth >100 and average >20, 
mean the semantic relationships are rich [121]. As compared to the animal health ontology with a total 
of 16.666667 (Figure 58.b), the ATO performs better. The semantic richness of ATO is important for 
precision and expressiveness in the representation of a domain. Semantic relations also define 
unambiguous and clear relationships in ontologies by the use of synonyms and hyponyms to enhance 
interoperability.  

The computed graph metric results of the ATO demonstrate an ontology design that is moderately 
complex and structurally reliable, in its horizontal breadth and vertical depth. The features are crucial 
to support knowledge sharing, facilitate integration of data, and achieve semantic interoperability across 
heterogeneous animal traceability systems.  

6.2.1.1 Comparative analysis with reference ontology Animal Health Ontology (AHO) 
The main objective of animal health ontology is to model the structure of animal populations and record 
the health data of animals. Selecting AHO as a reference for the evaluation of ATO was guided by using 
the criteria of interoperability potential, domain relevance, and functional similarity.  The main aim of 
the ATO development is that it is interoperable with other animal traceability-based information 
systems. The AHO is a good reference because it complies with the semantic web standards, consistent 
use of properties and classes. The evaluation gives an understanding of whether the ATO achieves an 
approximate level of relational structure and semantic granularity, the main aspects of cross-system 
interoperability. 

Focusing on the functional perspective, the ATO and AHO are both designed for knowledge 
representation of animal-level granularity (e.g., conditions and individuals), decision support of 
traceability systems and public health, and data exchange that is interoperable across agricultural and 
veterinary systems. This functional similarity justifies the ATO and AHO comparison, providing a 
meaningful reference to evaluate if ATO meets the semantic and structural standards that are similar.  

AHO has a strong conceptual alignment with the ATO domain. The ontologies are based on various 
animal management aspects. The ATO is focused on animal tracking, identification, and history of 
movement. While the AHO is focused on animal history of disease and monitoring health. They 
intersect on health monitoring and animal identification. The comparison of ATO with AHO within the 
same conceptual domain will enhance the validity of the structural comparison. The criteria make sure 
that the evaluation is methodologically sound and domain appropriate, ensuring insights that are 
meaningful to the quality of the ATO developed. The results of the comparison of the two ontologies 
are presented in Table 45. 
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CATEGORY ATO AHO 
Inheritance Richness (IR) 0.692308, indicating a vertically 

detailed knowledge structure for 
enhanced data integration and 
interoperability 

0.25, reflecting a general knowledge 
structure suitable for broader 
applicability but less specialized use 

Relationship Richness (RR) 0.678571, demonstrating a rich 
network of diverse relationships 
beyond simple class-subclass 
hierarchies 

Lower RR value, suggesting limited 
use of non-inheritance relationships 
and less semantic connection 
diversity 

Class/Relation Ratio (CRR) Fair coverage of descriptive names, 
aligning well with stakeholder 
requirements for animal traceability 

Higher CRR, indicating potential 
issues with the descriptive accuracy 
of class names, less suited for 
traceability 

Usability Profiling Provides precise and relevant 
information for animal traceability 
through fair coverage of descriptive 
names and class richness 

Broader scope but less precise for 
traceability applications due to 
generality and potential descriptive 
issues 

SPARQL Query Performance Maintains consistency and high 
specificity in querying detailed 
information about farmers, 
employees, and farms 

Reliable for general SPARQL 
queries but lacks the specificity 
required for detailed animal 
traceability tasks 

Domain Focus Tailored design ensures focused 
domain relevance, making it 
effective for precise animal 
traceability applications 

Broader applicability across domains 
but not optimized for specialized 
animal traceability purposes 

Alignment with Standards Ensures better data integration, 
semantic clarity, and functionality in 
animal traceability systems 

Offers general support for 
interoperability but may require 
customization for specialized 
applications 

Table 45 Comparison of the ATO and AHO  

The decision not to reuse or extend the AHO directly into the ATO development was based on the 
differences and design goals, interoperable focus, and domain scope. The ATO design objectives are 
different from those of AHO; the ATO model requires a modeled concept for movement events (export 
and transport), location hierarchies (farm and region), and tagging schemes. These concepts were not 
defined in the AHO, which meant significant modifications would be needed for developing ATO. 
Therefore, ATO was designed from scratch to specify the semantics and needs of the animal traceability 
domain. 

Even though they share a conceptual intersection in the animal management domain. The AHO is 
mainly designed to model concepts related to health (disease, diagnosis, and treatment), whereas the 
ATO is focused on traceability (identification, ownership, and movement tracking) and regulatory 
compliance. The direct adoption would introduce an irrelevant concept in ATO that might dilute the 
focus on traceability.  

The comparative analysis, therefore, revealed that the ATO, with its detailed structure, rich relationship 
network, and focused domain relevance, outperforms the AHO in specialized applications like animal 
traceability. While AHO offers a broader scope, the specific and consistent design of the ATO ensures 
better alignment with traceability requirements, providing more effective data integration, semantic 
clarity, and functionality in animal traceability systems. The comparison of the ATO with other 
ontologies is provided in Table 10 (Chapter 2). 

6.3 Usability Profiling Evaluation 
Usability profiling is the type of ontology evaluation that measures the type of context the specific 
ontology is used [211]. Usability profiling can be seen as the profile of the ontology based on the 
development and use of the ontology. Ontology annotations hold metadata and elements about the 
ontology [211].  Rebekka et al. [211] categorizes them into three named recognition annotations, 
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interface annotations, and efficiency annotations. Dividino et al. [213] concurs annotation evaluations 
are the best to quantify ontology quality. Moreover, the evaluation is used to emphasize significant 
ontology metadata using pragmatic dimensions. Pragmatic dimensions mean the usefulness of the 
ontology to users and developers [213]. Relevance and completeness are the main attributes that are 
used in usability measures.  The object property metrics and class metrics from the Ontometrics tool 
will be used to measure usability measurements.  

 
Figure 59 Class axioms Metric results from computing AnimalTraceabilityOntology.owl file 

In ontologies, classes mean concepts that can contain individuals or other classes [222]. That is a class 
is simply a set of individuals. The Animal Traceability ontology was developed in OWL which has a 
thing class, and all user-defined classes are subclasses of the thing class. To showcase the quantity of 
classes the metric count class includes the thing class. Figure 59 presents the results of the calculated 
classes in the Animal Traceability ontology, resulting in a count of 27 subclass axioms, and 9 disjoint 
classes. 

There are 2 types of properties that exist in OWL, the object property and the data property. The object 
property was used in the Animal Traceability ontology to link individuals to other individuals. The data 
property was used to link individuals to the data values. Figure 60 show the results from the ontology 
computation of the object and data property. Figure 60.a depicting object property domain axioms count 
at 57 and object property range axioms count at 57. 

The result 96 subDataPropertyOfaxioms count (Figure 60.b) represents the instances of the sub-
property which are subsets of the property extension of the second property. The functional data 
property can only have one value [222], in the results, it is 1. 109 data property domain axioms count 
the class expression of the domain. The data range 109 is the range of data property expression as shown 
in Figure 60.b. 
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(a) Object axioms Metric results from computing 
AnimalTraceabilityOntology.owl file. 

(b) Data axioms Metric results from computing 
AnimalTraceabilityOntology.owl file. 

Figure 60 Property axioms 

The information about animal traceability ontology presented in Figure 60 is significant to fulfilling the 
usability profile quality evaluation. The usability profile focuses on relevance and completeness which 
is illustrated in the Figures. Burton-Jones et al. [223]  state that relevance is fulfilled when the ontology 
satisfies the stakeholder's requirements that were specific, requirements acquired before ontology 
development. Completeness is determined by the coverage of the domain of interest [206]. The class, 
object, and data values are all connected to indicate the rate of interoperability of the ontology. No 
specific values have been defined to indicate the perfect values that determine good interoperability. 
Moreover, what is important is the values corresponding to the requirements. This research believes the 
relevance and completeness of a good quality interoperable ontology was achieved. This is because the 
requirements from the stakeholders acquired during data collection and discussed in the findings 
(Chapter 4) correspond with the ontology classes, objects, data, and individuals created in the ontology 
(Chapter 5).   

6.4 Functional Evaluation 
The final evaluation measure is the functional measure, which performs the ontology evaluation by 
measuring the ontology quality based on its performance, given a task. Dividino et al. [213] state that 
the quality of an ontology can be seen by running a specific task, and the capability of the ontology will 
be observed. Moreover, the ontology degradation or improvement is observed during the task being 
performed. Functional evaluation is further explained  as a measure that focuses on relations among the 
ontology graph and the meaning that is intended [211].  

One of the attributes that focuses on the function is the accuracy of the ontology. The ATO will be 
evaluated for completeness and correct knowledge in the form of accuracy, when it is compared to 
animal traceability asserted knowledge. The asserted knowledge is the concepts, relationships, rules, 
and facts about animal traceability that have been defined in ATO. The accuracy criterion is used to 
check if the ATO captures true domain knowledge without any error or missed critical information. This 
is in line with the question posed by Amith et al. [206] that should be answered for accuracy. Is there 
an agreement between the ontology-asserted knowledge and knowledge from the experts? The real-
world domain should be reflected in the ATO through the encoded knowledge. These functional 
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evaluation techniques should be accurate by specifically providing trustworthy and correct content. This 
follows the statement that the accuracy criterion should be based on the outcome of the properties, 
definitions, individuals, and class descriptions of the ontology [212]. Dividino et al. [213] is in 
accordance that an ontology that is good should have a close approximation with the description of its 
conceptualization. The functional measure for the animal traceability ontology was evaluated using 
Class metric, Knowledgebase metric, Apache Jena Fuseki (SQL Queries), and Pellet Reasoner from 
Protégé. For example, the property earTagID should represent how the cattle are tracked correctly, 
shows correct accuracy. However, if property isEmployed misused as a databased and not an object 
property, will indicate compromised accuracy. Section 6.4.6.2 Running SPARQL queries in Fuseki  
server is another example of expert validation for ontology accuracy, by running SPARQL queries to 
check if they match the competency questions set based on stakeholders.  

6.4.1 Pellet Reasoner  
Interoperability of the animal traceability ontology can be verified by checking for consistency. 
Dividino et al. [213] argue that an ontology model should have no contradictions, meaning that the 
deducible facts should not contradict each other. Therefore, consistency is considered an agreement 
between ontology entities based on the semantics of the ontology language. This project achieved 
consistency evaluations through the use of the Pellet reasoner plugin from protégé. Throughout the 
development synchronization of the project was conducted with the Pellet reasoner. The inconsistencies 
that the reasoner picked were fixed before the continuation of the development. The reasoner is useful 
in assessing the ontology consistency. 

6.4.2 Knowledge Metrics 
From the point of view of Lourdusamy [218] the provision of knowledge regarding the real world is an 
important goal of ontology. He further states that the ontology quality is described by the extent of the 
knowledge. Tartir [209] concurs with the importance of ontology quality, He says that it can be achieved 
by the measure of the placement of data in the ontology. Furthermore, an indication of the ontology 
design effectiveness can be indicated as the amount of knowledge of the real world represented. The 
knowledge metrics are used for checking the placement of data within the ontology [218]. The animal 
traceability ontology was evaluated using knowledge metrics to ensure that the ontology is efficient and 
there is an indication of the amount of real-world knowledge represented in the ontology. The 
knowledge metrics that will be evaluated will be the class richness and average population. Figure 61 
presents the results of the knowledge metrics automatically calculated by OntoMetrics for the ATO.  

 
Figure 61 Knowledge metrics results from OntoMetrics 

6.4.3 Average Population (AP) 
The metric average population is not used to evaluate the quality of the ontology but used to evaluate 
the structure of the ontology. Average metric assesses the degree at which the ATO is populated with 
individual instances relative to the ATO classes. Furthermore, indicating the level of the ATO utilization 
in the real-world data through the specific entities. Sicilia et al. [224] describes the AP metric of an 
ontology as a measurement for the average distribution across all the classes of instances. [216] further 
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states that the result of AP is a number that presents how well the data extraction process performed to 
populate KB. Furthermore, it is important to note that some schema classes may consist of a low number 
or a high number depending on the representation. AP for ATO is calculated as 3.025641 (Figure 61) 
using equation 7. This means that the ATO is moderately populated having a few instances for each 
class.   

 
Equation 7 Average Population (AP) 

where,  
o (I) - is the total number of instances in the ontology. 
o (C) – is the total number of classes defined in the ontology. 

6.4.4 Class Richness (CR) metric 
The CR metric represents the distribution of instances across classes [216], [224]. This means that a 
comparison of the amount of classes with instances in the knowledge base and the total number of 
classes is calculated. This will confirm how well the knowledge developed by the schema classes is 
utilized by the knowledge base. Equation 8 is used to calculate CR, where, C’ – number of nonempty 
classes (classes with instances), C – number of total classes defined in ontology schema). The CR for 
the Animal Traceability Ontology is calculated as 0.487179 (Figure 61). The percentage in Figure 61 
is low indicating that the ratio of the number of classes has no data to exemplify all the knowledge in 
the schema. The functionality of the ontology quality evaluated is fair, not the best that is should be but 
can be improved. The current CR value combined with other good results achieved will still ensure that 
the animal traceability ontology is interoperable. 

 
Equation 8 Class Richness (CR) metric 

6.4.5 Class Metric 
The class metric is used for the exploration of the ATO classes and relationships. The metric mainly 
represents the distribution of the ontology instances over the ontology classes. According to Tartir et al. 
[216] it measures the instances percentage connected to classes belonging to the subtree rooted where 
the current class is to the instance total number. Tartir et al. [216] assert that it is important for assisting 
to identifying the areas in the schema that the focus during the extraction of instances. Furthermore, 
informing the user/extractor how suitable the ontology is for their intended use. It may not be exact  but 
a clear idea of parts of the ontology that are said to be focal and the parts on the edge can be observed 
[216]. 
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(a) Class Cattle metric results for class importance and 
class instance count. 

(b)  Class metric results for class inheritance richness. 

Figure 62 Class Metric 

Figure 62 presents the results of the class metric after computation of the ATO on the OntoMetric tool. 
The main features of the classes were calculated, and the results given, not all the features of the class 
metric were calculated. Class connectivity is used to indicate the classes that are central in the Animal 
Traceability ontology in line with the instance relationship graph. That is, where edges define the 
relationship among them and nodes define instances [209]. Figure 62.a shows the class connectivity of 
class cattle being 46, this measure is used to help in understanding the ontology nature by depicting the 
classes that play a significant role as compared to other classes. In Figure 62.a, the class cattle represents 
the class importance metric at 0.186441. This percentage indicates the instances belonging to classes at 
the rooted current class of the inheritance subtree to the instance total number [209]. Class importance 
metric is important for the identification of areas in the schema that are focal at the time instances will 
be added to the knowledgebase.  

Gobin-Rahimbux [222] state that class inheritance richness is important for indicating the efficient 
grouping of knowledge into differing categories and also subcategories for that particular class. Figure 
62.b indicates the class inheritance richness from the class farmer at 19.5 as the average number of 
classes per schema level. Tartir et al. [216] say the interpretation of the results depends on the ontology 
nature either having a specific domain or a wide domain. The Animal Traceability ontology represents 
a specific domain thus the results being a low 19.5, for wide domain the inheritance richness is usually 
higher. The last measure in the class metric was the class instances indicated in Figure 62.a by class 
cattle resulting in 22 instances. OWL groups resources that have similar characteristics, each class has 
an association with a class extension (a set of individuals). Those individuals contained in the class 
extension are the class instances.  

6.4.6 Evaluation using Apache Jena Fuseki 
This research used Apache Jena Fuseki as an evaluation technique for the functional evaluation of the 
Animal Traceability ontology. As stated by Swenja et al. [225] , Apache Jena Fuseki serve is widely 
used and among the most famous RDF frameworks. Apache Jena Fuseki server is defined as an HTTP-
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based query engine that is used for the execution of SPARQL queries [204]. Furthermore, executing the 
queries is run on the web of linked data, also extracting triple information for the querying on the Apache 
server web page. According to Chatterjee [226] Apache includes storage of triples in memory, a 
SPARQL API query engine used to update and query RDF models, command line tools [227], an 
ontology API to handle RDF and OWL ontologies, and GUI-based Apache Jena Fuseki SPARQL serve 
to support queries [228]. Apache Jena is a website that is open source found at http://jena.apache.org 
[227]. Apache Jena Fuseki 4.9.0 was chosen for this research.. Apache is used to evaluate the 
performance and accuracy of the ontology, as a pre-requisite to determining the quality of the ontology. 
The task of running SPARQL queries verified that the ontology can perform tasks according to 
requirements in a short period of time. Therefore, indicating that it is interoperable as required.  

6.4.6.1 Triples created in Knowledge Base 
After an ontology has been developed it should be made accessible to end users by publishing it on the 
web for further evaluations and reusability [229]. The ATO developed for this research has been 
published on the web on Figshare, and users are able to freely access and download the file. To evaluate 
the Animal Traceability ontology the file on the local machine was uploaded to the Fuseki server. To 
get started with the Fuseki server, after the application is downloaded the Windows command line is 
used to begin running the Fuseki server on Apache Tomcat. When the server was successfully started, 
the Fuseki server was accessed through the browser at http://localhost:3030. The ontology file 
AnimalTraceability.rdf was uploaded from the local drive. The persistent dataset was created next called 
Animal Traceability and it is used as the triple store database or knowledge base. The next step was to 
upload the AnimalTraceability.rdf file to the triple store database, apache showed that it contained 906 
triples. SPARQL endpoint created from the triple store database output is significant because it allows 
users to use SPARQL language to query the knowledge base.   

6.4.6.2 Running SPARQL queries in Fuseki server 
The generated SPARQL endpoint is used on the Animal Traceability triple store database for accessing 
and querying the ontology. The defined set of competency questions in Chapter 5 (Section 5.3.2.4 
Specification) of this study were used to run the SPARQL queries for querying the ontology. A uniform 
resource identifier is added to the triples before running the queries to make the farmer and resource 
unique from others.  The queries in Figure 63, Figure 65, and Figure 67 were run for accessing the 
AnimalTraceability.rdf data. The query in Figure 63 is executed on the Animal Traceability system when 
a stakeholder (MOA, Veterinary, BMC) wants to audit the farmer's employees. This query searched the 
triple store for the “employee of the first farmer?” and that was “herdboy1”, The results of the query 
are seen in Figure 64. The second query was run to search for the “name of the farm the farmer owns?” 
(Figure 65), output as seen in Figure 66 was “Sandveld”. The last query was searching for the “location 
the farm belongs?” (Figure 67) to and the output as shown in Figure 68 was “Central”. The results 
currently in Fuseki for the SPARQL query are in four formats namely: CST, JSON, TSV, and XML. 
The output results from Figure 64, Figure 66, and Figure 68 are displayed in JSON format. The future 
direction is to present the results using a graphical user interface where stakeholders type farmer/cattle 
name/ID in the search option and results are presented in an easy-to-read and understandable form like 
a mobile application or software application. 

http://jena.apache.org/
http://localhost:3030/
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Figure 63 Running SPARQL query to search for farmer employee. 

Uniform resource identifier 
<http://www.semanticweb.org/hp/ontologies/2023/AnimalTraceabilityOntology#> is shown in Figure 
63, it makes the farmer resource unique. 

 

 
Figure 64 Output from SPARQL query to searching for farmer employee. 

 

 

Figure 65 Running SPARQL query to search for name of farm the farmer owns. 
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Figure 66 Output from SPARQL query to searching for farm name. 

 

Figure 67 Running SPARQL query to search for the farm location. 

 

Figure 68 Output from SPARQL query to search for farm location 

6.5 OntOlogy Pitfall Scanner! (OOPS!) Evaluation 
OOPS! is an ontology evaluation tool used to detect ontology pitfalls and was used to detect the pitfalls 
in the ATO. The tool provides a list of pitfalls to detect through available and recent approaches. The 
list of pitfalls and what they represent can be found at https://oops.linkeddata.es/catalogue.jsp . An 
indicator for each pitfall is also extended based on the pitfall possible negative impact, Figure 69 shows 
the OOPS! Indicator impacts are either critical, important, or minor.    

https://oops.linkeddata.es/catalogue.jsp
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Figure 69 OOPS! Pitfall indicator 

The ATO was inserted in the pitfall scanner and the results are presented in Figure 70. Each pitfall 
detected was addressed in the ATO in protégé. ATO was scanned for all pitfalls and specifically for 
consistency, completeness, and conscieseness.  

 
Figure 70 ATO results from OOPS! pitfall scanner 

The first pitfall detected is “P13: Inverse relationships not explicitly declared”, and there are six cases 
in the ATO. Figure 71.a shows the exact affected properties, which are object properties in the ATO. 
The pitfall means that the object property inverse relationships are not defined in the ATO. The object 
property relationships were correctly defined in the ontology under “Inverse Of” in protégé. Figure 71.b 
presents one of the properties “given” being defined in protégé with its Inverse Of relation “own”. 

  
Figure 71.a OOPS! Results P13 Figure 71.b Pitfall fixed in Protégé (object property 

“given”) 

Figure 71 ATO pitfall detected P13: Inverse relationships not explicitly declared 

The second pitfall detected was “P22: Using different naming conventions” in the ontology as shown 
in Figure 72.a. This means that the class, data properties, object properties, and individual instances do 
not have the same naming conventions. For consistency, all the names defined in the ontology should 
use the same naming convention. Figure 72.b presents the data properties “transferLocation” that was 
mistakenly defined using lowercase and uppercase conventions; this was corrected by going to 
refracting in protégé and selecting to rename IRI from “transferLocation” to “transferlocation”. The 
ATO used a lowercase naming convention. 
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Figure 72.a OOPS! Results P22 Figure 72.b Pitfall fixed in Protégé (data 
property transferLocation”) 

Figure 72 ATO pitfall detected P22: Using different naming conventions 

The next pitfall, as shown in Figure 70, was “P24: Using recursive definition”, and it was one case. This 
meant that in ATO, a class or property is used in its own definition. It was identified as the class “cattle” 
defined in data properties as seen in Figure 73; the pitfall was corrected by removing the domain “cattle” 
in the data property definition.  

 
Figure 73 ATO pitfall detected P24: Using recursive definition 

OOPS! Detected “P30 Equivalent classes not explicitly declared”, meaning that one of the classes was 
missing the definition of equivalent classes as shown in Figure 70. The pitfall detected class “system” 
as being equivalent to “organization” presented in Figure 74. In the ATO definition, these classes are 
not equivalent; the pitfall was fixed by renaming the “system” class to “tracesystem”. This pitfall can 
happen when reusing terms from other ontologies that have the same meaning. The term “system” has 
been used in other ontologies and may have the same definition as organization, causing this pitfall. 
However, in the ATO, they do not have the same meaning. 

 
Figure 74 ATO pitfall detected P30 Equivalent classes not explicitly declared 

The last pitfall detected by OOPS! Was “P41: No license declared” as shown in Figure 75.a. This means 
that the ATO was missing the license definition. The pitfall was fixed by adding the license definition 
to the ATO ontology as presented in Figure 75.b.  

 

 

Figure 75.a OOPS! Results P41 Figure 75.b Pitfall fixed in Protégé  

Figure 75 ATO pitfall detected P41: No license declared 
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All the pitfalls were fixed and the ATO was re-evaluated in OOPS! The results are presented in Figure 
76. Showing that the ATO had no pitfalls. This means that ATO has met the criteria of being consistent, 
complete, and conscience.  

 
Figure 76 ATO results presenting no pitfalls detected in the ontology 

6.6 Chapter Conclusion 
The main objective of this research was met in Chapter 5 with the developed interoperable knowledge-
driven animal traceability framework. The framework was further developed into an ontology to further 
demonstrate and guide in achieving interoperability and standardization of protocols. This chapter 
focused on evaluating the animal traceability ontology and producing a report of the evaluation. The 
animal traceability ontology was evaluated for quality and correctness. The types of ontology evaluation 
measures used were structural, functional, and usability profiling. Within these evaluation methods, two 
techniques were used; the first technique used is computing metrics using the OntoMetric tool, and the 
second is running SPARQL queries in Apache Jena Fuseki. Each step of the evaluation process was 
carried out and results were produced, as seen in the figures displayed. The figures are screenshots 
depicting multiple stages of the evaluation process. Starting with the environment of the evaluation tool, 
the AnimalTraceability.rdf file uploaded, the evaluation process, and the results from the computation 
of the file. Animal health ontology was used in comparison with the animal traceability ontology in the 
structural evaluation process.  

Using Apache Jena Fuseki for evaluating the AnimalTraceability.rdf ontology was important for 
multiple reasons. SPARQL endpoint provided by Fuseki allowed queries to be executed on the Animal 
Traceability ontology, resulting in the evaluation of the ontology relationships, structure, and data 
consistency. The ontology data was checked for inconsistencies and the data was validated against the 
ontology axioms. It is mostly important in providing deployment and integration of ontology into 
systems and applications, which is significant for usage in the real world. Users can keep track of 
changes in the data and ontology over time using the version and historical analysis feature provided 
by Fuseki. Running SPARQL queries in Fuseki helped verify the ontology performance, correctness, 
and consistency ensuring that the expected requirements are met to be used in applications effectively.  

OntoMetric calculated various aspects of the Animal Traceability ontology to determine the 
effectiveness and quality. The evaluation process involved analyzing and calculating multiple 
dimensions of the ontology through base metrics, schema metrics, knowledge metrics, class metrics, 
and graph metrics features from the OntoMetric web-based tool. Results from calculations are presented 
in statistical format giving a percentage of the ontology dimension. OntoMetric evaluation process was 
to find out if the ontology meets these requirements: 1) The organization of the structure based on its 
relationships, classes, and properties. There is clarity in the structure and it adheres to best modelling 
practices by using standard ontology constructs. 2) There is logical consistency and coherence, looking 
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at the soundness of the content and structure of the ontology. No inconsistencies and contradictions. 3) 
How well the domain is represented for the model intended. Evaluating if all relevant constraints, 
concepts, and relationships are captured. 4) Performance of query execution times, resource usage, and 
large dataset handling to help assess the scalability of the ontology. 5) The usability and reusability of 
the ontology focus on modularity, system integration, and documentation quality. The ease of ontology 
use for its purpose and reuse for different contexts. 6) The ease of ontology interoperability with other 
systems and ontologies and integration. Considering external vocabulary alignments, standard data 
format compatibility, and semantic interoperability support. 7) The ability of the ontology to evolve, 
long-term sustainability, and management of changes.  

Overall, the Proposed Ontology-Driven Animal Traceability Framework supported by the Animal 
Traceability ontology artefact evaluation results shows that it meets the ontology quality and correctness 
requirements to be used in systems and applications for animal traceability. Based on ontology 
alignment of comparing an existing ontology (Animal health ontology) and a developed ontology, 
results show that the animal traceability ontology developed by this research is more interoperable than 
the animal health ontology. The evaluation metrics present animal health ontology with 33.33% and 
animal traceability with 83.33% from the 6 metric measures calculated against each other. 
Interoperability of the animal traceability systems will be seamless for the stakeholders, as shown by 
the inheritance richness 0.692308  results indicating very detailed knowledge. The relationship richness 
of the ontology at 0.678571 means that the ontology contains strong connections between the classes. 
Fair results were presented by results from class richness with average results of 0.487179. Animal 
traceability ontology will achieve flawless data integration and exchange based on the reliable results 
of 0.9 average depth from graph metrics. Usability measures relevance and completeness of the 
ontology, were achieved because the requirements essential to stakeholders and gap in literature 
correspond with the developed features of the ontology. Correctness and quality were further measured 
based on functionality and performance using SPARQL queries, pellet reasoner, class metric, and 
knowledge metric. The tasks given as seen in the results were successful providing a logically consistent 
ontology. Overall, the evaluation results present an animal traceability ontology that meets the quality 
and correctness ontology requirements.   
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7 CONCLUSION, LIMITATIONS AND RECOMMENDATION 

7.1 Introduction 
In this final Chapter 7 the conclusions derived from the findings of this study on the research problem: 
“The problem this research addresses is the lack of interoperable knowledge-based frameworks for the 
design and development of animal traceability systems and platforms” is described. The conclusions 
stem from the research’s main objective, research questions, synopsis of the literature, results of the 
study, and the proposed framework. A summary of the conclusion including a brief discussion of each 
objective is presented along with the outcomes of the study. The limitations of the study are explained 
stating the weaknesses. The chapter concludes with a list of recommendations that could be addressed 
in the future, by the study researcher or other researchers. 

7.2 Summary 
This research focused on developing an ontology-driven framework for animal traceability. The 
research is premised on the animal traceability scenario in Botswana. It was discovered in the study that 
a large portion of the resources and budget in Botswana is allocated to the safety and preservation of 
animals. Yet, the main stakeholders farmers, veterinary services, Ministry of Agriculture, Matimela 
officers BMC, and police officers are still facing challenges in managing cattle, animal movements, 
feeding, diseases, stray animals, meeting livestock regulations, and vaccinations. There is no existence 
of interoperability, knowledge management, and standardization of animal traceability in Botswana. 
Implementation of interoperable traceability systems with standardized protocols will improve animal 
traceability by reducing animal diseases, increasing exports from better management of cattle, reducing 
animal theft, a solution to cross-border theft, and increasing the economy – economy that is not only 
agricultural-driven but also knowledge-driven. 

Data collection from the districts of Botswana was carried out through interviews and questionnaires 
along with the literature reviewed, to answer the research questions posed in this study. The first 
objective is: 

1. To identify limitations of the current Animal Traceability frameworks and systems. 
This objective was addressed by conducting data collection, interviewing, and giving questionnaires to 
the main stakeholders of animal traceability in Botswana and carrying out a detailed extensive literature 
review. The study found that most of the focus in animal traceability has been on devices to monitor 
the animals and less on the management of the animal data. Zhao et al. [1] talks of another system that 
only focused on the device used for animal traceability with an ineffective information management 
system that relies on how the animal will be slaughtered to get information. Only a few traceability 
frameworks were found in research, one being the general framework for animal food safety 
traceability using GSI and RFID [8]. The focus of the framework is tracing the health of cattle that are 
going to be sold. The system in Botswana started as LITS and then later upgraded to BAITS. However, 
the technical challenges were still not addressed, and managing the animal data was not effective. There 
is still no interoperability and integration among the stakeholders as well as the lack of semantic 
knowledge management.  

The second objective addressed: 

2. To generate components for the design and development of the proposed interoperable 
framework for animal traceability. 

This research chose Botswana as the scenario for animal traceability, thus data collection from the 
stakeholders was conducted about the challenges of animal traceability they are facing. Literature 
carried out about animal traceability systems, frameworks, and their challenges were reviewed. The 
collected data was analyzed using statistical analysis to get quantitative results and Nvivo software for 
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content and thematic analysis for qualitative results. The findings and reviewed literature were used 
together to get results that were used to generate the necessary components for the design and 
development of the framework. 

From the generated components the third objective: 

3. To use the generated components in the design and development of the proposed 
interoperable framework for animal traceability. 

The third objective is answered. Chapter 5 of the study presents Figure 40 which illustrates the proposed 
Ontology-driven framework for animal traceability to be used as a guiding principle for the 
development and management of animal traceability platforms. The framework can also be adopted to 
develop systems in multiple fields like healthcare, cyber-crime, and education.  
This research aims to infuse ontologies to solve and improve the animal traceability scenario in the 
world. The beginning of Chapter 5 presents the proposed framework that serves as a guiding principle 
for developers and researchers. To further simplify and demonstrate the benefits of using ontologies this 
research developed an animal traceability ontology.  

Building the animal traceability ontology addresses the objective: 

4. To identify existing ontologies that can be re-used, alternatively – in the absence of existing 
ontologies identify ontology methodology to develop a new ontology for Animal 
Traceability. 

The research did not find an ontology to reuse, an animal traceability ontology was developed from 
scratch. [96] state that currently ontology technologies are mature enough to develop ontologies from 
scratch using the available methodologies, languages, and tools. Animal traceability ontology was built 
using the methodology called METHONTOLOGY in the Protégé environment using OWL and RDF 
language. Building the ontology for Animal Traceability determining concepts, object properties, data 
properties, and individuals will provide Animal Traceability stakeholders to efficiently infer and extract 
knowledge that is valuable from the data. The ontology is a freely available open-source resource that 
can be downloaded and used for further research. Chapter 5 illustrates the development of interoperable 
knowledge-driven systems with standardized protocols for easy communication among the 
stakeholders. 
 
To conclude, the study answered the objective: 
 

5. To evaluate the Animal Traceability ontology. 
Chapter 6 addresses the last objective using metrics and SPARQL queries to evaluate the built animal 
traceability ontology. The evaluation is carried out using 2 ontologies the animal health ontology called 
reference ontology and the animal traceability ontology called the candidate ontology. The quality of 
the ontology was evaluated in three ways structural evaluation, functional evaluation, and usability-
profile evaluation. The technique of computing metrics using a tool called OntoMetric which calculates 
the quality of the ontology based on schema, base, graph, class, and knowledge metrics was 
implemented. The results of the knowledge metric specifically class richness resulted in a percentage 
of 0.487179 indicating that the ratio of the number of classes has no data to exemplify all the knowledge 
in the schema. The percentage is determined by how big the ontology is and if it is domain-specific. 
The study domain was made low since it was a proof of concept, and it is domain-specific (animal 
traceability), thus the low results. The other evaluation technique used was running SPARQL queries in 
Apache Jena Fuseki. The figures in Chapter 6 display each step of the evaluation process from uploading 
the AnimalTraceability.rdf file to running queries and getting JSON results. SPARQL queries illustrated 
the ability of the ontology to carry out the requirements that were set at the conceptual development 
stage of the ontology.  
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7.3 Limitations 
This study has several limitations. The first limitation was identified during the interview process with 
stakeholders. Setting for interviews had to happen in a sequence at certain dates and times to get as 
much data from relevant sources as possible given the limited budget and time. Some of the volunteers 
were missed because they were not available at the time the research team was in their area. Getting 
assistance from some of the veterinary offices for contacts to commercial farmers was a challenge and 
the research team failed in other districts to interview commercial farmers. Getting access to communal 
farmers was easier but commercial farmers lock their gates and you cannot randomly show up at their 
farm to interview them.  

1. Resource and logistical constraints in data collection. 
The data in this study only included 66 participants from the nine districts of Botswana. The majority 
of the participants were randomly sampled while moving around the farm areas. This ensured unbiased 
information was collected from the participants. However, due to resource and logistical constraints, 
the participation engagement of the domain experts (veterinarians, MOA, farmers, BMC, Matimela 
officers) was limited. The ATO may not fully reflect the reality of the operations of all the stakeholders 
in the animal traceability value chain. The ATO also depends on the availability of data that is structured 
and standardized data from the various stakeholders. Even so, the ecosystem of data in the different 
districts is poorly digitized and fragmented. The lack of data entries that are inconsistent, standardized 
data schemes, and limited information sharing across the organizations boundaries will notably affect 
the ontology validation and population. Having considered the definition of tacit knowledge, it was 
deemed out of scope of the current and can be considered as future work to extend work done in this 
thesis. 

2. Technical challenges that might cause limited system adoption. 
The ontology-driven systems implemented will require maintenance with specialised knowledge in 
semantic technologies, and will not be available easily in an agricultural environment. It will require 
technical skills in using ontology management tools, such as OWL API and Protégé. A potential learning 
challenge for non-technical stakeholders. The technical challenge may limit the adoption of the 
ontology. Stakeholders with low resources may experience socio-economic and technical limitations 
that will be a barrier to the adoption of the ontology-driven animal traceability system. The necessary 
semantic technologies, like SPARQL and OWL, are often not readily accessible to users with no 
technical training. Furthermore, in developing countries like Botswana and Kenya, there is a digital 
divide that is a concern about equity of ontology-driven animal traceability systems that will 
inadvertently marginalize the same stakeholders the systems aspire to equip. 

3. Semantic limitations due to data collection challenges 
The evaluation of the ontologies presented a limitation in getting good semantic results because the 
research developed a medium-sized ontology. Numbers higher than 100 after computing total values 
for the breadth, and an average of 20 is said to indicate ontologies with good semantic relations [102]. 
Animal traceability ontology shows a total breadth of 54 and an average breadth of 3.25, indicating fair 
semantic relations that are not too good. Limited time and resources restricted the research to developing 
an ontology big enough to get good semantic relations.  

 4. Potential epistemic misalignment in diverse cultures 
The development and testing of the ATO were primarily conducted within the context of Botswana’s 
livestock industry, potentially limiting its applicability in other geographical or cultural settings without 
appropriate customization. There is a potential for an epistemic misalignment when the ATO is 
implemented in diverse cultural settings. Data-driven systems sometimes intersect with issues that are 
sensitive, like national sovereignty, data privacy, legal jurisdictions, and farmer autonomy over 
agricultural data. The framework is sound technically, but the ethical aspect was not directly addressed. 
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When applying the systems across borders, there will be a need to incorporate cross-border exchange 
of data, ownership of data, and cattle movement to fit the system’s governance. 

7.4 Recommendations for further research 
Based on the identified limitations in this study, there are several recommendations for future research 
to improve the applicability and robustness of the ontology-driven animal traceability framework. It is 
important, while enhancing the ontology-driven animal traceability framework for future research, to 
start by introducing Open data to Animal traceability using FAIR Data Principles for transparency and 
trust among stakeholders.  

1. Application of computer literacy strategies 
Developing strategies to accelerate computer literacy among the animal traceability community, 
especially the elderly. The ontology-driven animal traceability systems should have user-friendly tools 
and interfaces as a design priority for farmers and officers who are non-technical. It will encourage the 
adoption and use of the systems, further enhancing effective farming practices. For example, the 
systems should not be in English only, but also include the local languages. Using pictures, simpler 
interfaces, and bigger fonts will help with accessibility. Regular training programs for stakeholders will 
help in overcoming the technical barriers. Limited resources may be a hindrance in regular training 
programs for stakeholders with limited funds to hire technical experts. Inclusion of tacit knowledge to 
get advance the data collected.  

2. Collaboration with international organizations and stakeholders 
Collaboration with international organizations and stakeholders could further support the 
standardization and global adoption of the ATO, fostering more robust and effective traceability 
systems. Additionally, leveraging Botswana’s leadership in livestock traceability offers an opportunity 
to drive regional innovation, making the ATO a scalable and adaptable model for broader applications 
across Southern Africa and beyond. Research in the future should also put effort into extending the 
ontology by capturing more district specific animal practices around the world, including the various 
ethical and legal requirements in each country. This will require a wider array of collaborative input 
from domain experts to refine the ontology concepts and relationships. The more the stakeholders are 
involved it will enhance the ontology's usability, acceptance, and accuracy of the domain. Including the 
legal and ethical requirements will support the policies in place for better decision-making. The main 
challenges could be having enough resources and time for the research to expand wider. Research may 
have to find multiple research grants to carry out the research across multiple countries.  

3. Integration of emerging technologies 
Technological integration into the agricultural programs' strategy is crucial. With emerging technologies 
being released continuously, the ontology interoperability can be enhanced in the future by exploring 
an integration with advanced ontology alignment tools. Tools to automate mapping of data standards 
that are external with less intervention from stakeholders, for example, machine learning could be 
leveraged to align diverse ontologies automatically. IOT sensors to automatically capture data with the 
use of GPS and RFID. Incorporating real-time data processing capabilities would improve the 
ontology’s responsiveness to urgent health and safety concerns, through integrating advanced 
technologies such as blockchain and IoT could bolster data security, traceability, and transparency. 
Animal movement tracking based on their location using geospatial systems. Moreover, implementing 
mobile platforms for small for smallholder farmers to access and enter their data at an affordable rate. 
Integrating with these technologies will reduce the manual input errors and improve the data 
authenticity. For developing countries, this could be a challenge because the internet is necessary to 
carry out these functions. However, most of the farms do not have internet, and some have no network 
at all. Until the cellphone network and internet reach these areas, it will slow down the progress. 
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