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STANDARDIZATION OF SCIENTIFIC EXPERIMENTAL DATA 

REPRESENTATION THROUGH ONTOLOGY-BASED METADATA 

SCHEMA 

 

 

By 
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Chairman :   Associate Professor Rodziah Atan, PhD 
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Halal is a wide area that involved multidisciplinary domains such as biotechnology 

and medical science in which data and information come from various sources such 

as laboratory instruments and machines. Halal is defined as the status of certain 

products that do not contain unpermitted ingredients. The halal determination for 

various samples and ingredients were done using various laboratory instrument, at 

which each instrument has a different structure and format of data. These make it 

difficult for managing and integrating the data for analysis. Research areas involved 

with data management and integration need to explore data standardization as it helps 

in bringing data into a common format. Hence, it would help in collaborative research 

as well as sharing of data and information. The problem addressed in this study is, 

researchers in the determination of Halal components of products require data 

standardization as it is hard in managing and analyzing scientific experimental data 

from multiple laboratory instruments that have different structures and formats of data.  

 

 

The objective of this research was to standardize scientific experimental data from 

Halal Institute laboratory instruments. To accomplish such goals, an ontology schema 

model was proposed to standardize and gives a controlled vocabulary of the scientific 

experimental data from Halal Institute laboratory instruments. A metadata 

representation structure, based on the proposed ontology schema, was also developed 

to give a standard structure to the scientific experimental data representation as well 

as simplified data that enables data retrieval and display. 

 

 

Two types of evaluation were conducted in this study which was; ontology schema 

evaluation and metadata representation structure evaluation. Both evaluations were 

done using the data files from instruments in the laboratory for raw and processed 

materials and liquid analysis, namely Gas Chromatography-Mass Spectrometry (GC-
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MS) and High Performance Liquid Chromatography (HPLC) instruments. The 

proposed ontology schema model was evaluated and validated based on completeness 

and correctness analysis measures. It was to ensure that the proposed ontology schema 

model was designed completely and correctly based on the grouped data and 

information from the laboratory instruments.  

 

 

Based on the ontology schema model evaluation, the completeness percentage of the 

ontology schema model was 100%, conform to all of the grouped data Sample Info, 

Result Info, Experimental Setup Info, and Graph Info from the laboratory instruments. 

For the correctness percentage, the result of the ontology schema model correctly 

conforming to the Sample Info data of GC-MS and HPLC instruments which were 

50% and 43% respectively. The correctness percentage conforms to the Result Info 

and Graph Info data of both instruments were 100%. For the correctness percentage 

conformed to the Experimental Setup Info data of GC-MS and HPLC instruments, 

was 96% and 86% respectively. These figures indicate that the average recall 

percentage of the IEDOS correctly conforms to all of the grouped data was 84%. 

Overall, the results gained were satisfactory although the results of the correctness 

percentage conform to Sample Info data was slightly lower because of data selection 

factors. Metadata representation structure evaluation and validation consists of 

precision and recall analysis to measure the accuracy of metadata extraction from the 

laboratory instruments data files. The precision percentages were 90% and recall were 

100% for both GC-MS and HPLC instruments data files. The results gained shows the 

appropriate applicability of the proposed ontology-based metadata, in giving a 

standardized structure for the scientific experimental data for these instruments. This 

could positively facilitate the analysis of the scientific experimental data by giving the 

same structure of data to be compared and evaluated. 
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Halal adalah bidang yang luas yang melibatkan domain mulitdisiplin seperti 

bioteknologi dan sains perubatan dimana data dan maklumat berasal dari pelbagai 

instrumen makmal dan mesin. Halal didefinisikan sebagai status produk tertentu yang 

tidak mengandungi bahan yang tidak dibenarkan. Penentuan halal untuk pelbagai 

sampel dan bahan dilakukan dengan menggunakan pelbagai instrumen makmal 

dengan setiap instrumen mempunyai struktur dan format data yang berbeza. 

Ini menyukarkan pengurusan dan pengintegrasian data untuk analisis.  

Bidang penyelidikan yang terlibat dengan pengurusan dan persepaduan maklumat 

perlu meneroka pempiawaian data kerana ia membantu membawa data ke dalam 

format yang sama. Oleh itu, ia akan membantu dalam kerjasama penyelidikan serta 

perkongsian data dan maklumat. Masalah yang ditangani dalam kajian ini ialah, 

penyelidik dalam penentuan komponen produk Halal memerlukan pempiawaian data 

kerana sukar dalam mengurus dan menganalisis data eksperimen saintifik dari 

pelbagai instrumen makmal yang mempunyai struktur dan format data yang berbeza. 

 

 

Objektif penyelidikan ini adalah untuk mempiawai data saintifik eksperimen dari 

instrumen makmal institut Halal. Untuk mencapai matlamat tersebut, satu model 

skema ontologi telah ditawarkan untuk mempiawai dan memberi kawalan kepada 

istilah bagi data saintifik eksperimen dari instrumen makmal Halal. Satu struktur 

perwakilan metadata berdasarkan skema ontologi turut ditawarkan oleh penyelidikan 

ini untuk memberikan struktur yang piawai kepada pewakilan data saintifik 

eksperimen serta memudahkan data untuk membolehkan data diambil semula dan 

dipapar. 

 

 

Dua jenis penilaian telah dilakukan dalam kajian ini iaitu penilaian skema ontologi 

dan penilaian struktur perwakilan metadata. Kedua-dua penilaian dilakukan 

mengunakan fail-fail data daripada instrumen makmal yang digunakan untuk analisis 
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bahan-bahan yang mentah dan sudah diproses serta bahan cecair iaitu instrumen 

makmal spektrometri jisim kromatografi gas (GC-MS) dan kromatografi cecair 

berprestasi tinggi (HPLC). Model skema ontologi yang ditawarkan dinilai dan 

disahkan berdasarkan analisis kelengkapan dan ketepatan. Ia adalah untuk 

memastikan model skema ontologi yang ditawarkan dibina dengan lengkap dan tepat 

berdasarkan data dan maklumat yang dikumpulkan dari instrumen makmal. 

 

 

Berdasarkan penilaian model skema ontologi, peratusan kelengkapan model skema 

ontologi adalah 100% mematuhi semua kumpulan data maklumat sampel, maklumat 

hasil, maklumat persediaan eksperimen dan maklumat graf instrumen makmal. Untuk 

peratusan ketepatan, keputusan model skema ontologi tepat mematuhi data maklumat 

sampel untuk instrumen GC-MS dan HPLC masing-masing adalah 50% dan 43%. 

Peratusan ketepatan mematuhi data kedua-dua maklumat hasil dan maklumat graf 

adalah 100%. Untuk peratusan ketepatan mematuhi data maklumat persediaan 

eksperimen bagi instrumen makmal GC-MS dan HPLC, masing-masing adalah 96% 

dan 86%. Ini menunjukkan purata ketepatan model ontologi skema mematuhi semua 

kumpulan data adalah 84%. Keseluruhannya, keputusan yang diperolehi adalah 

memuaskan walaupun keputusan bagi peratusan ketepatan mematuhi data maklumat 

sampel agak rendah disebabkan faktor pemilihan data. Penilaian dan pengesahan 

struktur perwakilan metadata merangkumi analisis kepersisan dan perolehan kembali 

yang dilakukan untuk mengukur ketepatan metadata yang diekstrak daripada fail-fail 

data instrumen makmal. Keputusan kepersisan adalah 90% dan keputusan perolehan 

kembali adalah 100% bagi kedua-dua fail-fail data instrumen makmal GC-MS dan 

HPLC. Keputusan yang diperolehi menunjukkan kesesuaian keterterapan struktur 

yang ditawarkan dalam memberi struktur metadata yang piawai untuk data saintifik 

experimen daripada peralatan instrumen makmal. Ini dapat memudahkan analisis data 

eksperimen saintifik dengan memberikan struktur data yang sama untuk dibandingkan 

dan dinilai. 
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CHAPTER 1 

INTRODUCTION 

1.1       Introduction 

 

Laboratory instruments have been used by researchers and scientists to conduct 

scientific experiments in the various area of study to gain information and data about 

many things in their respective domains. All laboratory instruments have their own 

functions and purposes in processing various scientific experiments. Every experiment 

that has been carried out, produces results that need to be analyzed. Analysis of data 

from scientific experiments is a crucial task for researchers and scientists as it would 

give answers to what they want to know regarding their experiments. The incorrect 

analysis will negatively impact the results of the experiments they have worked on. 

 

Analysis of scientific experiments data can sometimes be difficult to be done, as it 

may involve the usage of more than one laboratory instrument in conducting the 

experiment(s). This would involve different formats, structures, types, etc which 

might complicate the analysis process. There is a need to have a constant structures or 

formats of data that can ease the analysis process. 

 

Thus, the main concern in this research is towards data standardization. It is defined 

as the process of changing data from heterogeneous sources and systems into a 

uniform format. It facilitates removing the incoherence in data attributes or properties 

which makes it easy for the management and interoperability of data. It also an 

essential element of advancing a research area (Brooksbank & Quackenbush, 2006). 

Data standardization intended at defining what information can and should be 

collected, determining a way to representing this information, and determining how to 

translate it for further transmission (Data Standardization in Healthcare: How to Adopt 

Data, 2017). 

 

Standardization of data has been essential to many areas of studies that involved with 

a multidiscipline domain such as medical science and food technology. Scientific 

experimental data are generated through calculation, test process, pre-experimental 

design, or experimental design  (Experimental Data, 2019). With multidisciplinary 

areas involved, scientific experimental data are stored in various platforms and human 

involvement in the creation of a data analysis chain is required. Collection, analysis, 

management, and sharing of experimental data are difficult due to informational 

infrastructure (Wang, Pearson, Liu, Azar, & Madlmayr, 2006) as large data volumes 

were daily generated with single data files in the range of several megabytes per data 

set produced  (Potthoff, et al., 2019) at an exceptional rate from heterogeneous sources 

nowadays  (Oussous, Benjelloun, Lahcen, & Belfkih, 2018).  
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There are methods and approaches used for data standardization depending on the 

domains. Common data elements are one of the methods that are currently used in the 

clinical research domain to standardize essential data. It helps to improve data quality, 

enhance data analysis, and support decision making. It also gives opportunities for 

assessment and grouping of data from multiple studies & electronic health records. 

Crowdsourcing mapping has also been used as one of the data standardization methods 

within the medical domain. It is used to standardize terminologies in medical data for 

medical data analysis.  

 

Another method for data standardization is using an ontology, in which it can control 

the vocabularies of data terms used. It can also represent the knowledge of the 

standardized data into concepts within a domain and their relations (Tagliaferri, et al., 

2018). It can be used by a variety of domains to represent the knowledge of the 

domains. Ontology helps in assigning semantic meaning to standardized data so that 

users would have a specific standard for a particular domain.  

 

Ontology allows the representation of knowledge in a clear and comprehensive way 

due to their explicitness (Durán Muñoz & Bautista Zambrana, 2013). It was designed 

through the identification of the concepts and relations of a domain to represent the 

knowledge of the domain. It is necessary to design ontology when users need to 

understand data and the structure of information for other purposes such as enabling 

the reuse and analysis of the domain knowledge. This research will use ontology for 

standardization of scientific experimental data representation from laboratory 

instruments which would help to represent the knowledge regarding scientific 

experimental data as well as giving a standardized and consistent term to the scientific 

experimental data.  

 

On the other hand, metadata is one of the methods that gets frequently associated to 

ontology in representing the semantic information about a particular data. It is often 

used for data management, data integration and data standardization. It is used to 

specify the components, scope, management, quality, the data owner as well as other 

relevant elements or data sets information, which is an essential element of data 

discovery, integration, management, exchange, and sharing (Ying & Gengda, 2004). 

Metadata can be described as a conceptual medium that links the contextual divide 

among disparate data sources (Lee, 2003).  

 

Through the utilization of metadata, a standard structure to the data representation 

facilitating the users in the management and analysis of data, can be done through this 

research. Metadata ensures that data can be uniquely defined and correctly described 

to support future recovery and reuse for data management and integration. It will 

provide a shared interpretation of the context or semantics of the data to ensure users 

are using the data correctly. It also helps in giving consistency in data definitions and 

relations as well as in easing data representation for further analysis.  
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Halal industry is defined as the productions of goods and services complies to halal 

regulations. In the Halal industry, there are many information and data from different 

sources such as laboratory experiments, policy, and management. End-users and 

consumers are facing difficulties in obtaining verified information because of data 

stored in different sources. Additionally, researchers or scientists encounter problems 

in collecting, handling, analyzing, and integrating data of scientific experiments from 

various sources, such as laboratory instruments and machines. Halal laboratory is 

defined as facilities that are used to perform scientific or technological research, 

experiments, and measurement regarding halal products. As for Halal laboratory 

instruments, they are defined as devices that are used in the halal laboratory to help in 

performing scientific/technological research, experiments, and measurement 

regarding halal products. 

 

Halal industry involved multidisciplinary areas such as food biotechnology and 

microbiology. The data or information stored may apply different structures and 

models. Furthermore, data can be in heterogeneous formats such as structured data, 

raw data, scientific data, spreadsheets, PDF files, and many others (Wang, Vergara-

Niedermayr, & Liu, 2014). Thus, it is a mix of structured data and files and with 

different structures, models, and heterogeneous formats, will create issues on 

efficiency in managing and analyzing data as well as verification of the data or 

information.  

 

1.2       Problem Statement 

 

Scientific experiments involve various laboratory instruments to produce results that 

are used in scientific experimental data analysis. The flow of the analysis for scientific 

experimental data from laboratory instruments may involve numbers of different 

analytical instruments. Under this circumstances, human intervention is required in 

the experiment process and analysing the results. These interference may cause human 

errors within the critical analysis, affecting the end results of experiments. Moreover, 

these different instruments also produce different structures and formats of generated 

data complicates the process of analysing data.  

 

Currently, researchers that are conducting machine-based or instrument-based 

experiments and analysis, are facing difficulties in managing and analyzing data due 

to information that is stored in isolation and different sources. Scientific experimental 

data often differ in terms of types, structure, requirements, methods, and processing 

which is shown in how different users search for and use data  (Qin, Ball, & Greenberg, 

2012). These make it more challenging to manage and analyze data as researchers 

need to consider various things regarding the format, types, or structures of the 

scientific experimental data involved. 
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In the case which researchers need to gather and analyze data from two or more 

different sources, human intervention may be required as the sources may apply 

different formats and structures of data representation. Data stored in various file 

formats will make data management and interchange prohibitively laborious  

(Ingargiola, Laurence, Boutelle, Weiss, & Michalet, 2016). These might as well cause 

inaccuracies in analyzing the data which results in repeating the experiments and 

directly increase the experimental cost and relevantly time-consuming. Researchers 

need to have a full understanding of data gathered and the assume relationships to 

conduct the analysis for results and conclusions. 

 

1.3       Objectives 

 

This research aimed at standardizing scientific experiment data representation from 

Halal laboratory instruments by modeling an ontology schema; which provides a 

standardized and controlled vocabulary of the terms for instruments experimental data. 

This research will also build a metadata representation structure based on the ontology 

schema as a standard structure to represent scientific experimental data from Halal 

laboratory instruments. This structure is expected to facilitate researchers in managing 

and analyzing their experiment(s) data. 

 

The objectives of this research are as follows: 

1. To model an ontology schema to standardize the scientific experimental data 

and gives a controlled set of vocabulary data terms from Halal laboratory 

instruments. 

2. To build a metadata representation structure as a standard structure to represent 

the scientific experimental data from Halal laboratory instruments. 

3. To evaluate the metadata extraction of scientific experimental data through 

precision and recall analysis for accuracy validation.  

 

1.4       Scope and significance of the study 

 

In this research, the standardization of scientific experimental data representation, 

which focuses on the restructuring of scientific experimental data representation for 

analysis, from Halal laboratory instruments has been made. Halal has been an 

emerging sector and is steadily reaching out among scholars and practitioners 

(Haleem, Khan, Khan, & Jami, 2019). It involved numerous data and information 

obtained from different sources such as laboratory experiments that were important in 

giving information on samples related to Halal. Management and analysis of the data 

and information from Halal laboratory are difficult to be processed due to different 

instruments producing different data  (Rudd, 2017). Additionally, there are also lack 

of uniform data standards, consistent description format, and presentation methods  
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(Liang, et al., 2018). As there is lack of research on the standardization of scientific 

experimental data within the Halal scope, it would be a great opportunity to expands 

the research to caters problems of management and analysis of data from Halal 

laboratory instruments. Hence, these are the main concerns on selecting Halal as the 

preferred industry for this research. 

 

Two instruments were selected in designing the ontology schema of instruments 

experimental data. The instruments were Gas Chromatography-Mass Spectrometry 

(GC-MS) and High-Performance Liquid Chromatography (HPLC). GC-MS separates 

chemical mixtures (the GC component) and identifies the components at a molecular 

level (the MS component). It is used in determining the alcohol content from samples 

such as fermented foods and carbonated drinks (which in the case of determining the 

samples Halal status, the alcohol content needs to be below 1%) as well as analyzing 

a variety of oils such as essential oils and perfumes. HPLC is an analytical technique 

to separate, identify, and quantify components in a mixture. It is used for amino acid 

and protein profiling from samples such as collagen, gelatine, and capsule. 

 

This research has pointed out the usage of both GC-MS and HPLC since they are 

popular instruments and frequently required for sample testing. They have a similar 

purpose and are often used together in experiments, either concurrently or sequentially 

to compare similar sample testing or experiments. These reasons highlight the reason 

why GC-MS and HPLC were the equipment studied in this research instead of other 

instruments such as FTIR and GC-TOF that are also easily available in the laboratory. 

Both instruments also function under the same basic principles of compound 

separation, identification, and quantification techniques. For the developed metadata 

extraction tool, the extraction currently uses text file data type. 

 

This study is significant to researchers’ that deal with scientific experimental data by 

providing data analysis with a standard structure view of data through the proposed 

ontology-based metadata. This study can be a valuable source of information for 

domains that works with the standardization of scientific experimental data from 

laboratory instruments. The ontology-based metadata can be used in other domains, 

which uses similar laboratory instruments as these instruments were not specifically 

for Halal industries and are regularly applicable in other domains. 

 

1.5       Thesis Outline 

 

This thesis is outlined into six chapters, including this chapter which provides a 

background of data standardization, metadata, and ontology. This chapter also 

presented the problem statement and list of objectives, scope, and significance of this 

research. 
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Chapter two consists of literature reviews on the related work of this research. It begins 

with a description of data and laboratory instruments as scientific data sources as well 

as data standardization. It also describes and reviews ontology and metadata in detail 

for further apprehension. It also illustrates ontology validation, metadata validation 

and laboratory instruments analysis.  

 

Chapter three is an overall description of the research methodology. It describes the 

flow of activities devised for this research. It also describes the instruments' data 

examples and the research framework. It explained the evaluation and validation steps 

for the proposed ontology schema as well as the analysis method for the ontology 

evaluation. The evaluation and validation steps for the proposed metadata structure as 

well as an analysis method for the metadata extraction, were also discussed in the 

chapter. 

 

Chapter four discusses the research designs of the research. It begins with the 

description of the proposed ontology schema and details of ontology evaluation. 

Followed by the discussion on the metadata representation structure based on the 

proposed ontology. The metadata extraction tool development and details on metadata 

representation structure evaluation were also depicted in depth. 

 

Chapter five presents the analysis of the obtained results by the ontology schema 

evaluation and metadata extraction evaluation. This chapter also discusses the result 

of ontology schema validation using correctness and completeness analysis as well as 

accuracy validation results for the metadata extraction using precision and recall 

analysis. 

 

Chapter six, elaborates on reflected conclusion and contributions of the study. The list 

of appropriate recommendations for future research works were also provided. 
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