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ABSTRACT 

21st century is seen as a biotechnology era and Malaysia aspires to be a 

biotechnology hub which is clearly spelled out in the National Biotechnology Policy 

(NBP). In order to rationalise this ambitious plan, the quality of human resources is 

identified as vital in order to succeed its growth and development. Since there are 

worries about how well biotechnology graduates get prepared in the real working 

environment, the purpose of this study was to determine Malaysian biotechnology 

industries' requirements on the generic skills, technical skills and academic skills, 

with the aims to identify a list of skill standards that may act as a guideline for the 

biotechnology educators, students, employers, and employees. This study had 

employed qualitative and quantitative research design with a survey instrument to 

collect data. Purposive sampling was conducted by which 41 out of 66 respondents 

had replied the 5-point Likert-scale questionnaire. Both descriptive and inferential 

statistics were employed in analysing the data. It was found that generic skills served 

as the most fundamental pre-requisite in Malaysian biotechnology industry nowadays. 

This was followed by technical skills and lastly, academic skills. Interestingly, it was 

found that there was significant difference on technical skills requirements between 

agriculture and healthcare biotechnology; and between industrial and healthcare 

biotechnology. Upon data analysis, findings from this study were successfully 

validated by three high profile biotechnology stakeholders with different working 

experiences and educational backgrounds, through semi-structured interviews. Hence, 

validated skill standards depicting biotechnology industrial requirements on generic 

skills, technical skills and academic skills were generated. The skill standards can 

serve as useful reference for biotechnology curriculum development, job training 

design, and biotechnology occupational skill standards setup. 
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ABSTRAK 

Dalam era kemajuan bioteknologi ini, Malaysia beraspirasi untuk menjadi 

pusat bioteknologi dan matlamat ini telah dinyatakan di dalam Polisi Bioteknologi 

Kebangsaan. Bagi merealisasikan matlamat ini, kualiti sumber manusia telah 

dikenalpastikan sebagai faktor utama bagi memangkinkan pertumbuhan dan 

pembangunan bioteknologi negara. Memandangkan wujudnya kebimbangan 

terhadap tahap kesediaan para graduan untuk menghadapi cabaran di alam keija nanti, 

kajian ini bertujuan untuk mengenalpasti keperluan industri dari segi kemahiran 

generik, kemahiran teknikal dan kemahiran akedemik. Sehubungan itu, mewujudkan 

senarai piawaian kemahiran yang boleh dijadikan sebagai panduan untuk golongan 

pendidik, pelajar, majikan dan pekeija yang terlibat dalam bidang bioteknologi. 

Kajian ini telah mengaplikasikan rekebentuk kajian jenis kualitatif dan kuantitatif 

dengan suatu instrumen kajian disediakan untuk mengumpulkan data kajian. Di sini, 

persampelan bermatlamat telah dijalankan dimana 41 daripada 66 responden telah 

membalas soal selidik berskala Likert yang disediakan. Kedua-dua statistik diskriptif 

dan statistik inferensi telah digunakan dalam proses penganalisan data. Ia didapati 

bahawa kemahiran generik merupakan kemahiran paling penting dalam industri 

bioteknologi di Malaysia pada masa kini. Ini diikuti oleh kemahiran teknikal dan 

kemahiran akedemik. Di samping itu, terdapat perbezaan yang signifikan pada 

permintaan terhadap kemahiran teknikal di antara sektor bioteknologi pertanian 

dengan bioteknologi perubatan; dan antara bioteknologi industri dengan bioteknologi 

perubatan. Setelah siapnya analisis data, sesi temubual telah dijalankan dimana hasil 

kajian ini telah disahkan oleh tiga orang stakeholder bioteknologi yang 

berpengalaman perkeijaan dan mempunyai latar belakang akedemik yang berlainan. 

Oleh demikian, suatu senarai piawaian kemahiran yang menyatakan keperluan 

industri bioteknologi telah dihasilkan. Justeru, senarai ini dapat dijadikan sebagai 

sumber rujukan yang berguna dalam pembangunan kurikulum bioteknologi, latihan 

pekeijaan dan penghasilan piawaian pekeijaan bioteknologi. 
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CHAPTER 1 

INTRODUCTION 

1.0 Introduction 

Malaysia is one of the 12 mega diversity countries in the world. This treasure 

house has much potential for bio processing. Therefore, biotechnology is seen as a 

tool, which could enable exploration of this rich biological endowment. Most of the 

research and development (R&D) projects related to biotechnology in this country is 

agro-based (Mohamed Senawi, 1990; Zakri, 2000). 

In order to rationalise biotechnology development in this country, the 

National Council for Scientific Research and Development (NCSRD) established a 

Biotechnology Expert Group in 1984 with the purposes to examine the implications 

and the status of biotechnology in this country, and thus making recommendations to 

the Council. In 1985, some recommendations were made by the Biotechnology 

Expert Group. The Expert Group highlighted the needs to establish a National 

Biotechnology Committee to provide advices, promote cooperation in R&D, and 

establish funding for R&D. It also suggested the establishment of centres of 

excellence for some major areas in biotechnology. 

The National Biotechnology Directorate (BIOTEK) was established in April, 

1995; with the mission to forefront the development of biotechnology in Malaysia 

through R&D activities directed at the commercialisation, and to establish Malaysia 

as the leading centre for biotechnology industry (Zakri, 2000). BIOTEK had set 
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some clear goals to achieve, where the human resources or manpower was one of the 

biggest concerns in order to rationalise this mission. 

Together with these, biotechnology was identified as one of the key 

technologies that may drive and support the nation to evolve into a knowledge-based 

economy under Eight Malaysia Plan (2001-2005). The quality and skills of human 

resources was identified as vital in order to succeed the growth and development of 

biotechnology in this country. During the Plan period, a total investment of RM715.5 

million involving 30 manufacturing projects was approved in the areas of agricultural, 

healthcare and industrial biotechnologies, with the potential employment of 1441 

jobs (Office of the Prime Minister of Malaysia, 2006a). Table 1.1 shows the 

approved biotechnology manufacturing projects and the number of employment 

under the Plan. It was found that there is an increasing demand on human resources 

as the time goes by. 

Table 1.1: Approved Biotechnology Manufacturing Projects, 2001-2005 

Year 2001 2002 2003 2004. 2005 r 8MP 

No. of Companies 2 6 4 11 7 30 

Employment 56 199 129 519 538 1,441 

Proposed Investment 6.1 79.8 215.7 237.8 176.1 715.5 
(RM million) 

Sourco: Ministry of International Trade and Industry 

In 28 April 2005, the National Biotechnology Policy (NBP) was launched by 

current Prime Minister YAB Dato' Seri Abdullah bin Haji Ahmad Badawi, which 

pointed out the importance of human capital development in this nation. One of the 

major thrusts of this policy is to build the nation's biotechnology human resource 

capability in line with market needs through special schemes, programmes and 

training. 
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Under the National Biotechnology Policy (NBP), 3 centres of excellence 

were established as part of the creation of BioNexus (launched on 7 September 2006, 

then), which were: 

1. The Centre of Excellence for Agro-biotechnology (focuses around 

MARDI and UPM) 

2. The Centre of Excellence for Genomics and Molecular Biology (focuses 

in UKM) 

3. The Centre of Excellence for Pharmaceutical and Nutraceuticals (focuses 

in USM) 

(Ministry of Science, Technology and Innovation, Malaysia, 2005) 

Following the launching of NBP, the Ninth Malaysia Plan which was 

announced in 31 March 2006 focuses on the implementation of NBP, with the aims 

to develop the nation's niches in agricultural biotechnology, healthcare related 

biotechnology, industrial biotechnology and bioinformatics. An amount of RM 2 

billion for development of infrastructure and R&D activities is allocated during this 

Plan. In this regard, the Plan intensifies the promotion of foreign and domestic 

investments and close collaboration with foreign entities to access new technologies, 

expertises and markets. To succeed this Plan, the government readdresses the 

importance of enhancing the supply and quality of skilled human resources required 

for technology and industrial upgrading. What's more, the current Prime Minister has 

stressed on the National Mission, which plots the road ahead for the country for the 

next 50 years that the importance of human capital, value-adding and knowledge 

enrichment as high on the Prime Minister's list of priorities (Ranjeetha Pakiam, 

2007). 
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1.1 Problem Background 

The importance of biotechnology human resources was clearly spelled out 

during the announcement of Ninth Malaysia Plan in 31 March 2006, by which it 

focuses on implementation of the National Biotechnology Policy (NBP) to develop 

Malaysia's niches in agriculture biotechnology, healthcare biotechnology, industrial 

biotechnology and bioinformatics (Office of the Prime Minister of Malaysia, 2006a). 

The Plan clearly stated that: "The quality and skills of human resources is vital to the 

success of biotechnology." (p. 158). 

A huge amount of money has been invested in R&D activities by the 

government, with the expectation to come out with fruitful results or products which 

are suitable for commercialisation. Thus, the requirements on higher technical skilled 

workforce have been increasing tremendously, as a result of more investments in 

higher value-added industries. This has led to a greater demand on highly skilled 

professionals in R&D area. It was estimated that by 2020, biotechnology sector 

would create 280,000 jobs and contribute 5% to the country's Gross Domestic 

Product, and the total investment under the National Biotechnology Policy was 

expected to be around RM30 billion (Malaysian Biotechnology Information Centre, 

2006). 

Sadly, the availability of highly skilled scientists or researchers is still very 

limited in this nation. It was found that there were critical shortages of specialised 

workforce in resource based sector such as rubber, palm-oil, fishery, livestock, fruit 

and vegetable sectors, to carry out R&D activities to produce value-added products 

(Office of the Prime Minister of Malaysia, 1996). A statistical data revealed that, by 

year 2002, there were only 18 scientists per 10,000 workers in Malaysia, compared 

to 112.8 in Japan, 99 in Australia, and 83.5 in Singapore (Office of the Prime 

Minister of Malaysia, 2006b). 

New Straits Times (3 November 2005) revealed that, nearly 60,000 

Malaysian graduates were unemployed. Most of the graduates lacked a good 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



5 

command of the English language and possessed irrelevant qualifications to meet the 

industrial demand (Cruez, 2005). Hence, are there doubts if biotechnology graduates 

are amongst this population? Moreover, according to the Third Industrial Master 

Plan 2006-2020, while Malaysia offers a pool of talented human resources, there is 

presently a serious shortage of skilled workforce in specialised fields in information 

and communication technology (ICT) and high technologies including biotechnology 

(Office of the Prime Minister of Malaysia, 2006b). 

In fact, the R&D activities will be in advanced, only if the country has 

sufficient numbers of qualified scientist or experts, because human resource 

development always serves as the highest priority in order to speed up the 

development of a country. Without the appropriate number of qualified human 

resource, technology transfer that serves as one of the important steps in 

biotechnology industrial development cannot be accomplished. 

Recent research carried out in United States found that schools and 

institutions of higher education in that country were in danger of not preparing 

competent graduates, including biotechnology graduates, to qualify for the entry-

level technical jobs in the integrated nanotechnology, information technology, and 

biotechnology-based economy during the 21st century (Bacon, 2003; Daggett, 2006). 

The programs from colleges and universities seemed to be failing to prepare the 

graduates for specific occupations because the educators did not understand the skills 

occupation required in the industries. Daggett (2006, p. 2) also mentioned that: "The 

skills needed to do school do not necessarily connect well with the skills 

requirements of the 21st century workplace." As more Malaysian biotechnology fresh 

graduates go into the real working environment, are they facing the similar paradox 

that the knowledge and skills which they learn in institutions of higher education do 

not meet the industry requirements? 

Since Malaysian society do not has a clear idea whether or not the 

biotechnology graduates possess the desirable working skills, skill standards can 

serve as a very powerful tool to include information on the type of academic and 

workforce preparation the graduates may seek employment in the industry. It can be 
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a useful guideline for the educators to understand what is really required by the 

industry, and thus preparing curriculum that is in consistent with the market demand. 

1.2 Statement of Problem 

Specifically, the problem of this study is that there is no national skill 

standards stated clearly on biotechnology sector in Malaysia. None of biotechnology-

related skill standards are available from National Occupational Skill Standards 

(NOSS) in this nation (Department of Skills Development, 2007b). This causes 

biotechnology educators in this nation face difficulties to understand the industry 

requirements in order to produce biotechnology graduates with the right skills in the 

job market. 

Therefore, this study was conducted to identify "compartmentalised" skill 

standards to illustrate what kind of skills the biotechnology companies would expect 

the graduates to know and be able to perform. To be more specific, the skill 

standards can be named as "compartmentalised" content standards by which it 

focuses on the kind of knowledge and skills which are expected and required to be 

learned by a biotechnology graduate. The "compartmentalised" content standards 

may act as a guideline for the biotechnology educators and students to meet the 

challenges and fulfil the industry requirements. 

1.3 Purpose of Study 

There are worries about how well the skills possessed by the biotechnology 

graduates in this country to meet the requirements of biotechnology industries. Thus, 

the purpose of this study was to determine the essential skills to equip biotechnology 

graduates based on the industrial point of views; with the aims to identify 

"compartmentalised" skill standards. With the standards, it may enable a large and 
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growing number of biotechnology graduates to prepare for skilled, well-paid 

occupations and careers in national biotechnology industries with high growth 

potential. 

1.4 Research Objectives 

Based on the purpose of study, the following research objectives were listed 

as below: 

i. To determine the industries' requirements on the generic skills, technical 

skills, and academic skills in biotechnology graduates in Malaysia. 

ii. To ascertain whether there is significant statistical difference on skills 

requirements between agriculture biotechnology, healthcare 

biotechnology, industrial biotechnology and bioinformatics sectors. 

Null Hypothesis (Ho): There is no significant difference on skills 

requirements between agriculture biotechnology, 

healthcare biotechnology, industrial biotechnology 

and bioinformatics sectors. 

1.5 Research Questions 

Based on the purpose of study, the following research questions were asked: 

i. What are the industries' requirements on the generic skills in 

biotechnology graduates in Malaysia? 

ii. What are the industries' requirements on the technical skills in 

biotechnology graduates in Malaysia? 
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iii. What are the industries' requirements on the academic skills in 

biotechnology graduates in Malaysia? 

iv. Is there any significant statistical difference on skills requirements 

between agriculture biotechnology, healthcare biotechnology, industrial 

biotechnology and bioinformatics sectors? 

1.6 Scope of Study 

This study focused on investigating the essential skills to equip biotechnology 

graduates in Malaysia based on industrial requirements; and hence, to identify a list 

of biotechnology skill standards by utilising the "compartmentalised" approach. The 

scope of this study focused on examining: 

i. generic skills 

ii. technical skills 

iii. academic skills 

required in agriculture biotechnology, healthcare biotechnology, industrial 

biotechnology, and bioinformatics companies nationwide. 

1.7 Limitation of Study 

Up to now, there are more than a hundred biotechnology-related companies 

established in Malaysia. The biotechnology companies are located all around this 

nation. Therefore, it is almost not possible to carry out the study on the perspective of 

every biotechnology company nationwide due to time constraints. The researcher 

thus, only focused the study on the skills requirements from agriculture 

biotechnology, healthcare biotechnology, industrial biotechnology and 
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bioinformatics companies, where the companies' information was provided from 

Biotechnology Corporation Malaysia. Additionally, it is also impossible for the 

researcher to carry out a face-to-face survey with every respondent which will come 

out with higher response rate due to time constraints. 

Meanwhile, it takes a long period to generate a complete list of biotechnology 

skill standards that may consisting both content standards and performance standards. 

Due to time constraint, the researcher only capable to study on the content standards 

that focus on what kind of knowledge and skills which are expected and required to 

be learned by a biotechnology graduate in order to meet the industrial requirements. 

1.8 Significance of the Study 

This study was identified as being of importance to the biotechnology 

educators, biotechnology students, biotechnology employers, the biotechnology 

employees/ workers. 

1.8.1 Biotechnology Educators 

This study may provide the educators a better understanding on the skills 

required by the industry sectors in order to filling up the "skills gap". It may act as a 

guideline for the educators to keep track on the industry needs by identifying the core 

competencies. For this reason, alteration on certain curriculum such as creating and 

continuously updating education and training programs criteria could be made; and 

thus producing more competence biotechnology graduates. 
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1.8.2 Biotechnology Students 

The biotechnology students may gain benefits by knowing what is really 

required by the real working environment, and hence, equip themselves with 

additional skills. This study can help the students to be well preparing for the future 

challenges and become more work-ready and competence. Work-ready students may 

be hired at higher rates of pay and can experience faster advancement in their chosen 

fields. 

1.8.3 Biotechnology Employers 

This study may guide the employers as they interview prospective employees, 

and develop programs to prepare future employees for in-house training. Such 

program may ensure a supply of qualified employees and thus, reduce the time and 

expense of recruitment efforts. 

1.8.4 Biotechnology Employees/ Workers 

This study may enable the workers to assess their skills against those required 

for career advancement. The workers may enhance their performance and 

achievement by determining the skills and abilities needed for advancement or 

transfer within related industries; and determining the continuous learning and 

training they need to upgrade their skills in order to become more competence. 
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1.9 Theoretical Framework 

Development of the theoretical framework (see Figure 1.1) depicting the 

requirements of Malaysia's biotechnology industries on the generic skills, technical 

skills and academic skills to equip Malaysian biotechnology graduates; with the aim 

to identify a "compartmentalised" skill standards (more specific, it is called 

"compartmentalised" content standards). 

Amongst the industry, agriculture biotechnology, healthcare biotechnology, 

industrial biotechnology and bioinformatics sectors were the focus of this study since 

the Ninth Malaysia Plan had recognised these four sectors as the main biotechnology 

sectors to drive and support the nation to evolve into a knowledge-based economy. 

According to Bailey and Merritt (1995), a set of standards may contain only 

generic skills, technical skills, or academic skills; or it might be the combination of 

all three types of skills. Therefore, the researcher would like to identify a 

"compartmentalised" skill standards which consisting of generic skills, technical 

skills, and academic skills in this study. Bailey and Merritt (1995) also explained that 

"compartmentalised" standards strictly differentiate the generic skills, technical skills 

and academic skills. It does not relate to any workplace scenario in which 

employees' skills and activities can be integrated. 

It is important to note that the elements used to determine generic skills in 

this study were based on seven elements listed by the Ministry of Higher Education 

Malaysia (2006). Whilst, elements used to determine technical skills and academic 

skills in this study were based on adaptation from two US government documents, 

which were National Future Farmers of America Foundation (1994) and Education 

Development Centre of Newton (1995). 
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Figure 1.1: The Theoretical Framework (Adaptation from National Future Farmers 

of America Foundation, Madison, 1994; Education Development Centre 

of Newton, 1995; Ministry of Higher Education Malaysia, 2006) 

BIOTECHNOLOGY INDUSTRY IN MALAYSIA 

a) Agriculture Biotechnology 

c) Industrial Biotechnology 

b) Healthcare Biotechnology 

d) Bioinformatics 

Perspective 

ESSENTIAL SKILLS TO EQUIP BIOTECHNOLOGY GRADUATES 

Generic 
Skills 

• Communication skills 
• Critical thinking & problem solving 
• Team working 
• Lifelong learning & information 

management 
• Entrepreneurial skills 
• Professional ethics & moral 
• Leadership skills 
Source: Ministry of Higher Education 
Malaysia, 2006 

• Safety skills 
• Instrumentation 
• Basic laboratory skills 
• Troubleshooting 
Source: National Future Farmers of America 
Foundation, Madison, 1994; Education 
Development Centre of Newton, 1995 

• Knowledge 
• Computation & data analysis 
• Quality control & quality assurance 
Source: National Future Farmers of America 
Foundation, Madison, 1994; Education 
Development Centre of Newton, 1995 

Identify 

"Compartmentalised-Skill Standards 
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1.10 Operational Definition 

Certain terms in this study are specific and may be unfamiliar. To avoid 

confusion, it is necessary to define some important key words of this study. The 

following are definition of some terms that frequently used throughout this study: 

1.10.1 Skill Standards 

Losh (2000, p. 5) reported that skill standards "come in many sizes and 

shapes, have no consistent definitional base, and include diverse degrees of content." 

However, according to Wills (1997), the primary goal of skill standards is to improve 

the content and instructional quality of an education program. Skill standards can 

serve as a guidance to motivate students to learn by focusing their attention on the 

knowledge, understanding and skills which they need to possess in order to succeed 

in the workplace. Skill standards may include information on the type of academic 

and workforce preparation the students may seek employment in the industry. 

l . lO.l . lContent Standards 

Normally, there are two different types of standards across the industry and 

education areas which are content standards and performance standards (Wills, 1997). 

Therefore, the researcher would like to employ content standards throughout this 

study. 

Usually, content standards refer to the area of knowledge, understanding, and 

skills which are expected and required to be learned by an individual (Losh, 2000). 

Marzano and Kendall (1996, p. 16) explained this term in such way: "In other words, 

a content standard is a statement of the knowledge or understanding we would expect 

students to have." 
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Moreover, Wills (1997, p. 8) explained that "Content standards refer to what 

we expect learners to know and be able to perform." 

With these explanations, the researcher would like to identify content 

standards which addressing skills that biotechnology graduates would be able to 

understand and perform - by utilising the "compartmentalised" approach 

recommended by Bailey and Merritt in 1995. 

1.10.1.2 "Compartmentalised" Approach 

Bailey and Merritt (1995, p. 29) explained that, by employing 

"compartmentalised" approach, the generic skills, technical skills and academic skills 

are "strictly differentiated" and "include no workplace application". 

The "compartmentalised" approach creates a fundamental distinction between 

the three types of skills and does not have connection to any workplace scenarios or 

settings. This approach does not necessarily provide any background to indicate how 

a skill should be mastered by an employee in the performance of the tasks given. 

1.10.2 Essential Skills 

Essential skills are the skills needed for work, learning and life. They provide 

the foundation for learning all other skills and enable people to evolve with their jobs 

and adapt to workplace change (Human Resources and Skills Development Canada, 

2006). In this study, essential skills are defined as the crucial and vital skills that 

required in workplace and learning. The generic skills, technical skills and academic 

skills are included as essential skills in this study. The following are the definition of 

each term: 
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1.10.2.1 Generic Skills 

Generic skills can be defined as skills that can apply across a variety of jobs 

and life contexts. They are skills that directly applicable in another industry or 

occupation or skills that facilitate the acquisition of the skills required in the new 

industry. Generally, generic skills have a value in a number of industry sectors 

(National Centre for Vocational Education Research, Australia, 2003; Smits, 2006). 

They are also known by a number of terms overseas such as in Table 1.2. The seven 

different key competencies in the generic skills in this study were based on elements 

listed by the Ministry of Higher Education Malaysia (2006), they are: 

communication skills; critical thinking and problem solving; team working; lifelong 

learning and information management; entrepreneurial skills; professional ethics and 

moral; and leadership skills (see Table 1.3). 

Table 1.2: Terms Used in Various Countries to Describe Generic Skills 

United Kingdom Core skills, key skills, common skills 

New Zealand Essential skills 

Australia Key competencies, employability skills, generic skills 

Canada Employability skills 

United States Basic skills, necessary skills, work know-how 

Singapore Critical enabling skills 

France Transferable skills 

Germany Key qualifications 

Switzerland Trans-disciplinary goals 

Denmark Process independent qualifications 

Source: National Centre for Vocational Education Research, Australia 
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Table 1.3: The Domains of Generic Skills, Technical Skills and Academic Skills 

Generic Skills Technical Skills Academic Skills 

• Communication skills • Safety skills • Knowledge 

• Critical thinking & • Instrumentation • Computation & data 

problem solving • Basic laboratory skills analysis 

• Team working • Troubleshooting • Quality control & 

• Lifelong learning & quality assurance 

information management 

• Entrepreneurial skills 

• Professional ethics & 

moral 

• Leadership skills 

1.10.2.2 Technical Skills 

Technical skills serve as the most fundamental type of skills. Technical skills 

are kind of work-content skills required for a specific job, thus, they only have a 

value in one particular sector of industry. Strong technical skills can be developed as 

an integral part of one's personal development efforts. The skills can save time and 

increase income (Darrah, 1994). They are explicit knowledge and capabilities that 

are necessary for an employee to perform occupational specific tasks or duties 

(Bailey & Merritt, 1995). 

The technical skills include safety skills, instrumentation, basic laboratory 

skills and troubleshooting skills in this study (see Table 1.3). The domain of 

technical skills in this study is based on the adaptation from National Future Farmers 

of America Foundation (1994) and Education Development Centre of Newton (1995). 
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1.10.2.3 Academic Skills 

According to Matthews and Alpert (1989), the academic skills are about the 

reading, mathematics and writing skills that are required for a student or worker in 

order to perform effectively in carrying out a task. Stasz and Brewer (1999) 

explained that academic skills are skills that learned prior to specific technical and 

vocational skills. They are very useful to help the employees to master the required 

list of tasks. In this study, the domain of academic skills (see Table 1.3) includes 

knowledge, computation and data analysis, quality control and quality assurance 

(adaptation from National Future Farmers of America Foundation, 1994; and 

Education Development Centre of Newton, 1995). 

1.10.3 Biotechnology 

The name "Biotechnology" first appeared in Yorkshire early in the 20th 

century. It refers to any technology that seeks to preserve or transform biological 

materials of living organisms such as animals, plants, microbial or viral origin into 

products of commercial, economic, social and hygienic utility and value (Hulse, 

2004). Based on Ninth Malaysia Plan, the government will focus on the 

development of agriculture biotechnology, healthcare biotechnology, industrial 

biotechnology, and bioinformatics. Thus, the following are their definitions: 

1.10.3.1 Agriculture Biotechnology 

Agriculture biotechnology is a range of tools, including traditional breeding 

techniques that alter living organisms or parts of organisms, to make or modify 

products; improve plants or animals; or develop microorganisms for specific 

agricultural uses. Modern biotechnology today includes the tools of genetic 

engineering (United States Department of Agriculture, 2005). 
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1.10.3.2 Healthcare Biotechnology 

It is a tool that targeting both genetic and acquired diseases to develop new 

drugs such as vaccines and antibodies, "designer" drugs such as synthetic drugs and 

DNA drugs, and new methods of drug delivery that will affect the types of healthcare 

treatments a person receives (Barnum, 1998). 

1.10.3.3 Industrial Biotechnology 

This term is known as "white biotechnology" in Europe, where it is a 

technique relies on the use of microbial, plant or animal cells, or their components or 

enzymes, as catalysts. It includes the integrated application of disciplines such as 

biochemistry, microbiology, molecular genetics and process technology to develop 

useful processes and products (Hatti-Kaul, Tornvall, Gustafsson & Boijesson, 2007). 

1.10.3.4 Bioinformatics 

Bioinformatics is the science of informatics as applied to biological research. 

Informatics refers to the management and data analysis using advance computer 

techniques. Whilst, bioinformatics serves as an adjunct to genomic research because 

of the large amount of complex data this research generates (Borem, Santos & 

Bowen, 2003). 

1.11 Summary 

Biotechnology was identified as one of the key technologies that may drive 

and support the nation to evolve into a knowledge-based economy under Eight 

Malaysia Plan (2001-2005). The quality and skills of human resources was identified 

as vital in order to succeed the growth and development of biotechnology in this 

country. Moreover, National Biotechnology Policy (NBP) which was launched in 28 
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April 2005 had also pointed out the importance of human capital development in this 

nation. 

However, there appears worries about how well biotechnology graduates get 

prepared in the real working environment. There is currently no national skill 

standards stated clearly on biotechnology sector in Malaysia. This causes 

biotechnology educators in this nation face difficulties to trace industry requirements 

in order to produce biotechnology graduates with desired competencies. 

Hence, the purpose of this study was to determine the industries' 

requirements on the generic skills, technical skills and academic skills in 

biotechnology graduates in this country, with the aims to identify a list of skill 

standards that may act as a guideline for the biotechnology educators, students, 

employers, and employees. The skill standards in this study could be named as 

"compartmentalised" content standards since the researcher would like to identify the 

kind of knowledge and skills which are expected and required to be learned by a 

biotechnology graduate by employing a "compartmentalised" approach. Indeed, the 

"compartmentalised" approach creates a fundamental distinction between the generic 

skills, technical skills and academic skills. PTTA
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CHAPTER 2 

LITERATURE REVIEW 

2.0 Introduction 

Malaysia is one of the 12 mega diversity countries in the world with 12,500 

species of flowering plants, 1,100 species of fems, and one of the world's most 

diverse coral communities. This nation has a very diverse biological sources and very 

much potential for bio processing (Richard Goh, 2005). Therefore, biotechnology is 

seen as an area which could enable sustainable use of this rich biological endowment. 

21st century is seen as a biotechnology era and Malaysia aspires to be a 

biotechnology hub which is clearly spelled out in the National Biotechnology Policy 

(NBP) that was launched in 28 April, 2005. The NBP is underpinned by nine thrust 

areas, where the fifth thrust addressing the necessity of human capital development 

in order to succeed its vision. This thrust area addressing the following: 

Building the nation's biotechnology human resource capability in line with 

market needs through special schemes, programmes and training. 

(Ministry of Science, Technology and Innovation, 2005, p. 5) 
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2.1 The Development of Biotechnology in Malaysia 

Historically, the development of biotechnology in Malaysia can be divided 

into three phases: (a) establishment phase which is prior to 1995; (b) development 

phase between 1995 and 2000; (c) advancement phase that beyond 2000. 

During the establishment phase, R&D activities took place in a number of 

public institutions where the development focused on establishment of basic 

infrastructure and establishment of basic expertise to handle R&D activities. 

Following this phase, the development phase took place during the period of Seventh 

Malaysia Plan (1996-2000). The most obvious changes was the establishment of the 

National Biotechnology Directorate (BIOTEK) in 1995 that played a major role in 

fore fronting biotechnology programs in this country via research, development and 

commercialization (R&D&C), corporate relations and human resource development. 

Meanwhile, the Biotechnology Cooperative Centres (BCC) and Contact Group 

Programme were established under BIOTEK (Hassan Mat Daud, 2003). 

Going into the new millennium, the government tended to endorse a mega 

plan to develop biotechnology in this nation. Under Eight Malaysia Plan (2000-2005), 

the government emphasised on building the capacity and capability of human 

resources as well as research institutions. National Biotechnology Policy (NBP) was 

launched in 28 April 2005, which saw the creation of a dedicated government agency 

to develop the biotechnology industry - the Biotechnology Corporation Malaysia; 

also the creation of BioNexus, the network of companies and research institutions. 

BioNexus acts as a business model for the biotechnology industries to adapt science 

and technology to make market sense (Malaysian Industrial Development Authority, 

2006). 

Consequently, the Ninth Malaysia Plan (2006-2010) emphasised on the 

implementation of NBP to develop the nation's niches in agriculture biotechnology, 

healthcare biotechnology, industrial biotechnology and bioinformatics. The main 

strategic thrusts included enhancing value creation in agriculture sector; capitalising 
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the strength of biodiversity; nurturing growth opportunities in industrial bio 

processing; leveraging the growth of bioinformatics industry; promoting BioNexus; 

establishing R&D centres of excellence; and enhancing human capital development. 

An amount of RM2 billion was allocated for infrastructure development, R&D 

activities and commercialisation as well as business development program (Office of 

the Prime Minister of Malaysia, 2006a). 

Based on the document completed by Richard Goh (2005), the biotechnology 

industry in this country consists of companies specialising in agriculture 

biotechnology, bio-pharmaceutical, and bioinformatics as well as suppliers. 

Currently, there are about 500 biotechnologist and 3000 undergraduates working in 

this industry. 

2.1.1 Agriculture Biotechnology 

Although Malaysia has been a major shift from raw materials to 

manufactured products, agriculture continues to play a very important role in the 

overall economic growth in this nation. Agriculture biotechnology still recognised as 

a potential tool to ensure food security for this country (Hassan Mat Daud, 2003; 

Zehr, 2004). 

Over these years, tissue culture of oil palms, rubber trees, rattan, and other 

forest trees, rice, banana, sago, herbs, and medicinal plants, ornamentals such as 

orchids and pitcher plants had been successfully carried out. In addition, there have 

been a number of ongoing researches on genetically modified plants (Malaysian 

Biotechnology Information Centre, 2006). According to Dr Umi Kalsom Abu Bakar, 

MARDI has been the pioneer of agriculture biotechnology in Malaysia for the past 

15 years. The institution had focused on plant, food and animal biotechnology; and 

applied research in molecular biology, genetic engineering with the mission to 

transform the agriculture sector (Malaysian Industrial Development Authority, 2006). 
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Under the Ninth Malaysia Plan, genetic engineering was encouraged to produce 

value added products as well as to improve the agronomic traits. 

In fact, companies involve in this sector are mainly plantation (especially oil 

palm), herbal-based, and aquaculture companies. Most of the plantation companies in 

the oil palm area focused their business on tissue and cell culture to produce mass 

propagation of top-of-the-line plants (Richard Goh, 2005). 

2.1.2 Healthcare Biotechnology 

R&D activities in this sector are relatively new in Malaysia. Over the years, 

several animal recombinant vaccines had been produced to assist the development of 

animal husbandry (Malaysia Biotechnology Information Centre, 2006). Besides, 

some products such as anti-malaria drug artermisinin; disease and diagnostic kits for 

dengue, malaria, and Japanese Encephalitis had been developed. The diagnostic kits 

such as rapid test for malaria and typhoid; and kits for white spot virus syndrome 

were commercialised, which saved the local shrimp industry about USD 19 million 

annually (Richard Goh, 2005). 

Under Ninth Malaysia Plan, the National Institute of Pharmaceuticals and 

Nutraceuticals (NIPN) and the National Institute of Natural Products, Vaccines and 

Biologicals (NINPVB) were established. The NIPN focuses on the optimal utilisation 

of natural bio resources from plant, marine and microbial origins for use in 

nutraceuticals, cosmeceuticals and phytopharmaceuticals. Meanwhile, NINPVB 

implements programs to promote herbal medicine by harnessing local knowledge in 

traditional/complementary medicine, and to increase the production of vaccines. 
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2.1.3 Industrial Biotechnology 

The application of bioremediation techniques in the treatment of industrial 

and agricultural wastes are accepted widely. New development in industrial 

biotechnology in this nation encompasses activities such as optimisation and 

enhancement of new treatment system through bio-augmentation or genetic 

engineering (Malaysian Biotechnology Information Centre, 2006). 

Under Ninth Malaysia Plan, the development of biocatalysts such as enzymes 

for food and feed preparations, cleaning products and textile processing were 

identified as of importance. Moreover, bio processing and contract bio 

manufacturing were recognised as other growth areas. Another major concern is the 

increasingly demand of biofuel globally. Under this Plan, various strategies have 

been undertaken to increase the use of biofuel as an alternative to petroleum-based 

diesel. Document from Malaysian Industrial Development Authority (2006) reported 

that a local biotechnology company, Carotech Bhd planned to invest over RM100 

million in R&D to produce more commercially viable biodiesel products. The 

biodiesel or vitamin E produced, will be sold locally and exported to about 30 

countries overseas. 

2.1.4 Bioinformatics 

The advancement of molecular biology and the equipment for research had 

allowed the increasingly rapid sequencing of large portions of genomes that utilise 

database of biological information. Researchers can use the database to analyse and 

interpret information, too. However, Malaysian bioinformatics is very much in the 

start-up phase. The bioinformatics market was estimated at USD 7.1 million for year 

2003. Up to 2005, there were just few institutions willing to invest on computational 

biology (Richard Goh, 2005). 
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