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Abstract
Engineering education is being viewed as a fundamental matter in modern industry because
engineering education produces graduates that are very important to the continued development
of industry. Because of its importance, the quality of the engineering education should be
improved continuously. Basically, the quality of education can be divided into the quality of the
process and the quality of the outcome. The process includes the quality of the teaching,
learning and curriculum, and the quality of the outcome is the quality of the competencies
possessed by graduates. While the quality of curriculum and learning have been discussed in
many scientific reports, the quality of competence is rarely discussed. Therefore, a study on the
quality of graduates’ competence will be useful to augment recent studies on the quality of
engineering education.
The objective of this study is to analyse data of graduate quality so that useful information is
obtained to help engineering education providers put strategies in place to improve its quality.
The information includes the models linking quality and satisfaction.
Data for this study including competence of graduates, performance of graduates, satisfaction
of stakeholders, and expectations of stakeholders were obtained by survey with the
questionnaire sets developed based on established variables and indicators. The targeted
respondents are industry personnel monitoring graduates in workplaces. For comparison, data
from academicians and professionals also were collected. Because of the diverse nature of
engineering disciplines, the survey is limited to Civil Engineering graduates completing their
studies from universities in Australia in recent years.
The collected data were analysed using statistical methods in levels of samples and population.
The variables related to competencies have been ranked so that the weaknesses and strengths of
the competencies can be understood. The variables related to the expectations of stakeholders
are also ranked so that the competencies that should be prioritized in education are identified.
The characteristics of stakeholders’ satisfaction is defined based on the performance of
graduates. Reliable models linking graduates’ competence and the stakeholders’ satisfaction
have been developed. These findings will be useful to improve the quality of engineering
education especially in the division of Civil Engineering.
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1. INTRODUCTION

The purpose of the thesis is to study the quality of graduate attributes of Civil

Engineering in higher education. The attributes would include competence and performance of

graduates. To analyse the quality, other factors such as the satisfaction and expectations of

stakeholders with the graduate also would be studied to obtain useful information for providers

of Civil Engineering education to improve its outcome quality.

The study has been conducted by reviewing literature, collecting data and analysing

data. The data were collected using questionnaire sets developed based on factors, variables

and indicators. The respondents were industry personnel who have closely monitored graduates

working in workplaces. For comparison, data from academicians and professionals were also

collected. All the data were analysed using statistical techniques.

The results of analyses will reveal useful information. The variables of competencies

are ranked so that the weaknesses and strengths of the competence of graduates can be defined.

The variables of expectations are ranked so that the competencies that should be prioritized by

in education can be known. The characteristics of stakeholders’ satisfaction will be defined

based on the performance of graduates and reliable models linking the graduates’ competence

and the stakeholders’ satisfaction can be developed. These findings will be useful to improve

quality of engineering education especially in the division of Civil Engineering. Section 1.1

presents the background to the study exploring the importance of higher education in general

and more especially in the Civil Engineering field.

1.1. Background of the study

Higher education or post-secondary education is non-compulsory education provided by

tertiary institutions such as universities and other higher education institutions that award

academic degrees. Studies in higher education are undertaken at undergraduate and

postgraduate levels. The undergraduate level emphasizes the realm of teaching whereas the

postgraduate level emphasizes research. Students at undergraduate level are awarded Bachelor

degrees after completing a designated period of study while those who undertake postgraduate

receive Masters or a Doctoral degree.
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The main activities of higher education can be categorised into: teaching; research and

social service. Teaching is the activity that directly delivers knowledge, skills and attitude to

students and communities; Research is an activity to develop science and technology useful for

communities; and Social service is an activity to improve quality of communities. These

activities indicate that higher education is very important in modern society. UNESCO, the

international organization specializing in educational affairs, states that higher education now

acts as an essential component of development for individuals, communities and nations

(Reforming Higher Education 2005). Because of the importance of higher education, the

percentage of the population undertaking it can be an indicator of the development of a country.

In developed countries, a high proportion of the population, up to 50 %, enters higher education

at some time in their lives to develop knowledge and skills (Higher education: Overview 2007).

The importance of higher education can also affect the socio-economic sector because it

significantly generates economic activities. One report has stated that higher education is very

important as a significant industry in its own right (Higher education: Overview 2007).

Hundreds or thousands of people can be employed in higher education institutions so that they

can generate a multiple economic effect. In a developed country, higher education has been

acknowledged as a contributor to the country’s intellectual, economic, cultural and social

development (Higher education summary 2007). Higher education is very important to

economies, industries, individuals and communities (Spinks, Silburn & Birchall 2007;

Tryggvason & Apelian 2006).

One of the prominent products of higher education is trained and skilled personnel

namely graduates. Graduates of higher education in various workplaces can contribute valuable

knowledge and skills to industry as they are trained and educated personnel (Higher education:

Overview 2007). Through technical entrepreneurship, they can bring about technical

revolutions that can meet the challenges in modern society (Wani, Garg & Sharma 2003).

Graduates are also the future professional workforces, future leaders that may provide jobs,

drive the economy, facilitate cultural and trade activities, and improve international

relationships (Higher education summary 2007).

In an education-industry relationship, higher education institutions are viewed as

suppliers of trained and skilled personnel to industry as the majority of graduates begin their
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careers in industry (Richter & Loendorf 2007). Many strategic positions in industries are held

by graduates. For example, the management of construction has traditionally been the function

of the civil engineer i.e. Civil Engineering graduates (Haltenhoff 1986).

Finally, because of the importance higher education, especially its graduates, its quality

is an interesting topic of study. The study in this area needs to be focused on a certain faculty or

division because each division relates to a certain industry. There are faculties and divisions

representing different fields of study or academic disciplines. The number and type of faculty

can vary depending on the development of industries, careers, professions and market needs.

One such academic discipline is the engineering field.

1.1.1. Engineering in higher education
Engineering has a number of definitions based on contexts, but according to the

Accreditation Board for Engineering and Technology (ABET), it is defined as:

The creative application of scientific principles to design or develop structures,

machines, apparatus, or manufacturing processes, or works utilizing them singly

or in combination; or to construct or operate the same with full cognizance of

their design; or to forecast their behaviour under specific operating conditions;

all as respects an intended function, economics of operation and safety to life

and property (Crnjac Milic, Martinovic & Fercec 2007).

Based on this definition, engineering discipline can be defined as a division or

discipline in higher education studying the applied sciences to design, analyse, and construct

works for practical purposes.

The field of engineering, like many other academic disciplines, encompasses several

specialised sub-disciplines which are concern with different areas of engineering work and to

some extent can be outlined as follows:

1. Aerospace Engineering - The design of aircraft, spacecraft and related topics;
2. Chemical Engineering - The conversion of raw materials into usable commodities;
3. Civil Engineering - The design and construction of public and private works, such as

bridges and buildings;
4. Electrical Engineering - The design of electrical systems, such as transformers, as

well as electronic goods;
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5. Mechanical Engineering - The design of physical or mechanical systems, such as
engines, kinematical chains and vibration isolation equipment;

6. Mining Engineering - The extraction of raw materials from the earth, including ores,
natural gases and crude oils; and

7. Software Engineering - The design and development of software for use in digital
systems (Pavlov et al. 2007).

The sub disciplines focus on specific issues. In each of these fields, there exists

considerable overlap, especially in the areas of the application of sciences to their disciplines

such as physics, chemistry and mathematics (Pavlov et al. 2007). Although initially an student

engineer is trained in a specific discipline, throughout continued engineering education, the

engineers may become multi-disciplined, having worked in several of the outlined areas

(Pavlov et al. 2007). People who practice engineering are called engineers and one of the

requirements as licensed engineers is the completion of education in the engineering field.

1.1.2. Civil engineering in higher education
According to the Institution of Civil Engineers (ICE), Civil Engineering is defined as:

A great art, on which the wealth and well-being of the whole of society depends.

Its essential feature, as distinct from science and the arts, is the exercise of

imagination to fashion the products, processes and people needed to create a

sustainable physical and natural built environment. It requires a broad

understanding of scientific principles, knowledge of materials and the art of

analysis and synthesis. It also requires research, team-working, leadership and

business skills." (What is Civil Engineering? 2007).

Based on this definition, Civil Engineering can be defined as a sub-discipline of

engineering that entails applied sciences to design, analyse, or construct public and private

works, such as bridges, roads, railways, dams, water supply and wastewater treatment, harbours,

tunnels and mining construction, power projects, offshore structures, and domestic, commercial,

and industrial buildings. Civil Engineering is the oldest engineering discipline after military

engineering (Civil engineering 2007) and it was defined to distinguish it from military

engineering (Allendoerfer et al. 2007). Civil engineering is traditionally broken into several

sub-disciplines including:

1. Construction engineering;
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2. Environmental engineering;
3. Geotechnical engineering;
4. Structural engineering;
5. Transportation engineering
6. Water resources engineering;
7. Materials engineering; and
8. Coastal engineering (Civil engineering 2007).

Civil Engineering graduates generally work in the industry as civil and construction

engineers, consulting engineers, general contractors or specialist subcontractors (Civil

Engineering 2005).

1.1.3. Issues in engineering education
Although issues in engineering education are a multifaceted problem (Upadhyay et al.

2007), the issues can be examined under several categories. Firstly, one issue is enrolment in

engineering education. Secondly, there is the issue of the education process of students.

1.1.3.1 Enrolment in engineering education
Enrolment is an important issue in engineering education because it can affect its

quality. In order to boost the development of engineering education, the enrolment should be

improved (Luo, Qi & Mao 2005). This basically, may be solved by encouraging students in

Kindergarten to Year 12 (K-12) programs to enrol in engineering education. However, this

approach could produce a distorted perception that many students enrolled in engineering

programs drop out or complete with a low competency level (Mountain & Riddick 2005).

Therefore, this impact can affect the quality and nature of engineering education resulting in

graduates not meeting industry and professional standards and expectations.

1.1.3.2 Process in engineering education
The education process is an important issue in engineering education because graduates

are developed through the process. The process can be examined in three main areas: teaching;

learning and the curriculum,, all of which can affect the quality of engineering education.

Teaching is a process of providing students with knowledge, skills and professional

attitudes by teachers or lecturers which is usually conducted in classrooms but can include
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activities such as fieldwork. Teaching in tertiary education is vital to producing qualified

graduates who are employable. In order to meet the expectations of the engineering profession,

engineering education needs to continuously learn new approaches of effective teaching (L Dee

Fink, Ambrose & Wheeler 2005).

Learning is the conscious manner of students’ acquisition of different types of

knowledge, skills or attitudes, both in and out of classroom supported activities (Learning

2008). Recent studies on student learning in higher education indicated that there are

relationships between the characteristics of the learning methods and the quality of graduates

(Christiansson 2005; F. K. Fink & Kjaersdam 2004; Tynjala et al. 2005; Zualkernan & Sakka

2005).

The curriculum in education can be viewed as a guide or the goal of education. It is the

set of courses, course work, and content offered at a school or university through which

students should be graduates who would be a success in professional society (Curriculum

2008). The role of the curriculum is very important and many reports have discussed it high-

lighting efforts that need to be made to develop curriculum so that it meets with the

expectations of practices in professions and industries (Earnest 2005; Heitmann 2005; Luo, Qi

& Mao 2005; Powell 2005). Fulfilment leads to the improvement of the quality of graduates. In

practical terms, quality can be defined as employability of the graduate. Effective curricula in

design and delivery are, therefore, important for graduates’ quality.

1.1.4. Education outcome
All the issues indicate that the matter of education outcomes is important that is

graduates must obtain certain competencies developed through the process of education.

Therefore, a qualified graduate is the goal of the education.

However, some reports indicate that the quality of graduate competence seriously needs

to be improved to meet the requirements of industry (Earnest 2005; Heitmann 2005; Luo, Qi &

Mao 2005; Powell 2005). The quality can be examined based on assessment and expectations

of the industry and profession.

http://en.wikipedia.org/wiki/School
http://en.wikipedia.org/wiki/University
http://en.wikipedia.org/wiki/Society
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1.2. Formulation of the problem

As mentioned in section 1.1, the role of engineering education is very important for

industry. One of main contributions of engineering education is to provide qualified graduates

and because of the importance, the quality of graduates is an aspect that should be measured

continuously (Higher Education and Education for All 2005).

Recently, some reports as presented in section 1.1.4 have indicated that the quality of

engineering graduates needs to be improved to meet industry needs. The improvement of

graduates quality can be achieved by improving enrolments and the education process

including teaching methods, learning methods, and the curriculum. Any improvements should

be followed up by investigating the outcome of education.

Many studies as presented in section 1.1.3 have been conducted to improve the quality

of engineering education graduates, however, no extensive investigation has not been reported

in scientific journals on how well engineering graduates fit stakeholders’ expectations in an

industry that is undergoing rapid change.

This investigation should be conducted within a framework of education and industry

relationship (Gregory 2006; Stansfield 2005). The industry can be assumed as stakeholders of

engineering education. The investigation in this framework needs to focus on a certain faculty

or division because each division has own specific needs and Civil Engineering would be the

focus of an investigation as explained in sections 2.4.

1.3. Objectives of the study

As stated in section 1.2, this study will focus on the quality of graduates of Civil

Engineering. In order to make this study specific, the objectives are formulated as follow.

The first objective of this study was to measure the quality of Civil Engineering

graduates. The quality is defined as competencies mastered by graduates, so the measurement

was focused on the graduates’ competence. The measured competence can be viewed as actual

or existing competence mastered by the graduates. The actual competence could also be ranked

that show the seeds of graduates’ actual competence. This is the main objective of this study.
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Once this objective is understood, several related factors are very valuable to be examined and

analysed. The factors include: stakeholders’ expectations and satisfaction with their

competence; and graduates’ performance in workplace.

The second objective of this study was to measure the stakeholders’ expectations with

graduates’ competence. The expectation was measured to know the importance levels or

rankings of the competence that should be mastered by graduates. With certain methods, the

importance levels were compared with rankings of actual competence. Comparison between the

actual and expectation would produce lists of priority of competence.

The third objective of this study was to compare between stakeholders’ expectations.

This objective needs to be achieved because the stakeholders consist of various groups. The

comparison revealed differences among groups of stakeholders (King & Fries 2003).

The fourth objective of this study was to select competencies that should be prioritised

to be mastered by graduates. The prioritised competencies was achieved based on comparison

between rankings of expected competence and rankings of actual competence.

The fifth objective of this study was to investigate the relationship between graduates’

performance and stakeholders’ satisfaction. The investigation revealed the characteristics of

stakeholders’ satisfaction based on graduates’ performance. In order to investigate the

relationship, these factors that conceptually have relationships with graduates’ competence

were measured.

The sixth objective of this study was to develop models linking graduates’ actual

competence and stakeholders’ satisfaction with graduates. The models formulate the

relationship between the two concepts. The formulation can be used to understand the

relationship between them.

The seventh objective of this study was to feedback to civil education providers

because this study should benefit large communities especially in engineering education. The

rankings of competence, the rankings of expectations, the differences among stakeholder

groups, the prioritised competencies, the characteristic of stakeholders’ satisfaction and the

models could provide valuable information to improve the quality of Civil Engineering

education. For instant, the seven objectives in this study were:
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1. to investigate actual graduates’ competence and its rankings;
2. to investigate rankings of expected graduates’ competence;
3. to compare expectations on the graduates’ competence;
4. to select competencies that should be prioritised to be mastered by graduates;
5. to investigate relationship between graduates’ performance and stakeholders’

satisfaction with graduates’ competence;
6. to develop models linking graduates’ competence and stakeholders’ satisfaction; and
7. to provide feedback to education providers.

To achieve the objectives, the theoretical framework, the definitions, the relationships and the

variables are needed. Justification and development of these objectives will be presented in

section 2.4.

1.4. Outline of the study

An outline of the study is proposed to briefly explain its stages, limitations and benefits

of this study. The stages are a breakdowns of this study that each part has specific aim. The

limitations are definitions of objects of this study so that this study could be conducted within

certain constrains. The benefits are positive effects of this study for communities..

1.4.1. Stages of the study
To conduct a scientific study, the topic must have a systematic method that includes

stages with certain targets or aims. Table 1- 1 shows the seven stages or seven chapters

contained in this thesis. Each stage will be a chapter.
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Table 1- 1 Tasks of study completion

Task Chapter

1. Introducing the background, objectives and outline of the study 1
2. Presenting the literature review related to the theory, concepts,

variables and their relationship 2

3. Developing a methodology to collect primary data 3
4. Investigating the quantity and quality of collected data 4
5. Analysing collected data 5
6. Discussion of the findings 6
7. Drawing conclusions and making recommendations 7

Source: Resume of section 1.4.1

The first task was to introduce the background, the problems, and the objectives. This

task has been explained in the introduction chapter. The second task was to develop a theory

including concepts, variables and the relationship between them. The concepts consist of

competence, performance, satisfaction and expectation. Examination of the relationship

between them should deliver new information as to the objectives and this dealt with in the

literature review. The third task i.e. the chapter on methodology developed and established

methods to obtain the data needed. The fourth task was to present and describe the collected

data so that its quantity and quality can be understood. This task will be contained in chapter of

data collected. The fifth task, data analysis, will analyse the data so that new information as

stated in the objectives can be obtained. The sixth task is to discusses the findings so that the

advantages and disadvantages of this study can be understood. This task will be contained in

chapter of finding and discussion. The seventh task is to draw conclusions the study and make

recommendations.

1.4.2. Limitations of the study
There are many graduates, branches and levels of engineering education with variety in

learning methods and varying curricula. There are too many different stakeholders of
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engineering education. It is impossible to cover every aspect of the problems so limitations

must be made to enable the study to be conducted within the planned timeframe.

The limitations include: kinds of engineering institutions; graduates; stakeholders; and

the locations of samples. Institutions will be limited to civil engineering and construction

education. Kinds of graduates would be limited to 4-year program graduates who have

completed the education less than three years i.e. 2004, 2005 or 2006. Stakeholders would be

limited to industry personnel, academicians and professionals. Data collection would be limited

to Australia. For instance, this study is limited to:

1. Civil engineering and construction education;
2. 4-year education or undergraduate program;
3. Graduates that completed the education in 2004, 2005 or 2006;
4. Stakeholders that are industry personnel, academicians and professionals; and
5. Data that would be collected in Australia.

The limitation in data sources would be explained in section 3.6.

1.4.3. Benefits of the study
Improvement of the quality in education is very difficult task (Bilsel & Erdil 2004),

hence studies in the quality of education are very useful. The findings of this study will benefit

to society in the following ways:

6. Actual graduates’ competence could be used to evaluate the effectiveness of the
education processes.

7. Expectations could be used to improve the quality of the education.
8. Comparisons could be made to understand differences between or among

stakeholders in the expectations of graduates.
9. Prioritised competencies could be used to gradually improve the quality of education.
10. The models could be used to predict the satisfaction level based on graduates’

competence.
11. The models could be used by human resource departments as a job application

support system to select required personnel in the construction industry.
12. The model also could be used to evaluate and improve the curriculum and learning

methods.
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The study would be useful for communities to improve the quality of education, especially in

the civil engineering and construction fields. Improvement of the quality should increase the

employability of their graduates (Middleton 2005).

1.5. Summary of the introduction

A study on the competence of engineering graduates is very important in evaluating and

improving current engineering education. Others factors related to graduates’ competency such

as graduates’ performance, stakeholders’ satisfaction and stakeholders’ expectations also need

to be investigated in order to make the study more valuable. Many benefits will be achieved if

this study is properly undertaken.

The aim of this chapter is to introduce the problem, to design the objectives and to

present an outline of the study. The problem is formulated based on the gap between the actual

quality and expected quality of engineering education. The objectives assume factors that have

relations with the quality and have been arranged so that new information can be obtained. The

outline described the stages, limitations and benefits of the study. The introduction has given

general information of the study so the next i.e. chapter 2 contains the literature review to

develop and justify the objectives of the study.
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8. CONCLUSIONS AND RECOMMENDATIONS

This chapter draws together conclusions of this study and makes recommendations

about further studies. The conclusions are based on the results of study discussed in the

previous chapters and recommendations are made to improve and continue further studies in

this field. The conclusions and recommendations are presented in the same sequence as the

objectives of this study.

8.1. Ranking of graduates’ competence

8.1.1. Conclusion on Objective 1
The study revealed rankings of actual competence mastered by civil engineering

graduates as presented in Table 6- 2 to Table 6- 4. The competence was divided into three

factors i.e. knowledge, skills and attitude that each factor has nine variables. Each variable sits

at a certain level in the rankings. Table 6- 2 shows the rankings of knowledge, Table 6- 3 the

rankings of skills, and Table 6- 4 the rankings of attitude.

These rankings have been validated so that they could represent ranking of competence

of civil engineering graduates. The calculation of the rankings assumed that the weight of each

stakeholder is the same. These rankings should be a concern in civil engineering education

because these rankings do not fully meet with stakeholders’ expectation and satisfaction with

graduates (sections 6.1 and 6.4). The graduates’ competence that should be concern to be

improved are:

4. understanding the principles of management and business (K8);

5. ability to communicate effectively with the community at large (S4); ability to function

effectively in teams with the capacity to be a manager (S8); ability to function

effectively in teams with the capacity to be a leader (S9); and

6. ability to undertake lifelong learning (A2).

8.1.2. Recommendation to improve Objective 1
In order to improve the reliability of the rankings, the number of samples needs to be

increased so that the normal distribution for each variable can be reached. Calculation of the
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rankings assumed that the weight of each stakeholder is the same (section 8.1.1). Further

analyses that use variations of weigh also need to be conducted. Further studies with different

methods should be conducted to confirm the rankings. The different methods include: research

variables, measurements, data collection methods and data resources. The research variables

should be improved by including suitable attributes for certain countries or regions because

each country should have specific curriculum in civil engineering education. The measurement

should use the Semantic Differential Scale or the Rating Scale in order to confirm this finding.

The data collection methods should include the use of interviews, and data source should

include more stakeholders, including government in order to get more complicated data and

wider stakeholders.

8.2. Rankings of expected competence

8.2.1. Conclusion on Objective 2
This study also revealed rankings of expected competence that should be mastered by

civil engineering graduates as presented in Table 6- 5 to Table 6- 7. The expected competencies

were divided into three factors i.e. knowledge, skills and attitude that each factor has nine

variables. Each variable sits at a certain level in the rankings. Table 6- 5 shows the rankings of

expected knowledge, Table 6- 6 the rankings of expected skills, and Table 6- 7 the rankings of

expected attitude.

These rankings have been validated so that they can represent of stakeholders’

expectations of civil engineering education. In the calculation, each group of stakeholders had

the same weight. These rankings should be a concern in civil engineering education because

these rankings will affect stakeholders’ satisfaction with graduates (section 6.2). The

stakeholders’ expectation that should be concern are:
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1. expectation with graduates’ ability to understand the problem identification, formulation

and solution (K4);

2. expectation with graduates’ ability to use technologies appropriately (S2); to access,

evaluate and synthesise information (S3); and to communicate effectively with the

community at large (S4); and

3. expectation with graduates’ ability to develop effective interpersonal skills in their

workplace (A9).

8.2.2. Recommendation to improve Objective 2
In order to get more reliable ranking of expected competence, sample numbers needs to

be improved so that the normal distribution for each variable can be reached. This study

assumed that the weight of each stakeholder is the same (section 8.2.1). However, further

analyses using variations of the weight need to be conducted. Further studies with different

methods should be conducted to confirm the ranking. The different methods include: research

variables, measurements, data collection methods, data sources and data analyses. The research

variables should be improved by including suitable attributes for certain countries or regions

because each country should have specific expectation with graduates’ attributes. As regards

measurement, the Semantic Differential Scale and the Rating Scale. The data collection

methods should include the use of interviews to avoid incorrect responses. The data source

ought to include a wider selection of stakeholders including government. The data analyses

should use the Analytical Hierarchy Process (AHP) in order to know more detail about the

importance of graduates’ attributes.

8.3. Differences between stakeholders’ expectations

8.3.1. Conclusions on Objective 3
The study disclosed the differences among stakeholders’ expectations with civil

engineering graduates as presented in Table 6- 11 to Table 6- 13. The differences were

measured in three factors of graduates’ competence i.e. knowledge, skills and attitude, each

with nine variables. Table 6- 11 shows the knowledge that were expected differently by

stakeholders, Table 6- 12 the skills, and Table 6- 13 the attitude. The differences have been
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validated so that they can represent differences of stakeholders’ expectation with civil

engineering graduates. The differences were calculated with criteria established by researcher.

These differences should be a concern in civil engineering education especially

academicians or educators that their perception are different with other stakeholders. The

differences are as the following.

1. In the knowledge factor, employers consider graduates’ competence in understanding

“principles and concepts” as the most important knowledge that should be mastered by

graduates, while the others (graduates, academicians, professionals) do not so.

2. In the skills factor, employers, graduates and professionals considered graduates’ ability

in the communication with the community at large as the most important skills that

should be mastered by graduates, while academicians did not so.

3. In the other skills factor, graduates, academicians and professional considered

graduates’ competence to function effectively in teams with the capacity as a leader the

least important skills that should be mastered by graduates, but employers did not so.

8.3.2. Recommendation to improve Objective 3
Data in this analysis is the same as the data used to achieve ranking of expected

competence (section 8.2.1), therefore, the recommendations how to improve data has been

mentioned in section 8.2.2. This differences were investigated using criteria established by the

researcher (section 8.3.1). Further analyses should be conducted using different criteria to

confirm the results in this analysis.

8.4. Prioritised competence

8.4.1. Conclusions on Objective 4
The study revealed the graduates’ competencies that should be prioritised in civil

engineering education based on stakeholders’ perceptions as presented in Table 6- 14 to Table

6- 16. The competencies were divided into three factors i.e. knowledge, skills and attitude, each

with nine variables. Table 6- 14 shows the knowledge that should be prioritised by education,

Table 6- 15 the skills, and Table 6- 16 the attitude.
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The competencies that should be prioritised in civil engineering education are as the

following. In the knowledge field, there were two competencies that should be prioritised i.e.

graduates’ abilities:

1. to understand problem identification, formulation and solution (K4); and
2. to understand laws, regulations and standards associated with civil engineering (K7).

In the skills field, there were three competencies that should be prioritised i.e. graduates’

abilities:

1. to use technologies appropriately (S2);
2. to access, evaluate and synthesise information (S3); and
3. to communicate effectively not only with engineers but also with the community at

large (S4).
In the attitude field, there were three competencies that should be prioritised i.e. graduates’

abilities:

1. to undertake lifelong learning (A2);
2. to use effective group skills in his or her workplace (A8); and
3. to develop effective interpersonal skills in his or her workplace (A9).

8.4.2. Recommendation to improve Objective 4
The prioritised attributes or competencies are valid to represent competencies that

should be prioritised based on stakeholders’ perceptions. However, the data in this analysis is

the same as the data of graduates’ competence (section 8.1.1) and expected competence

(section 8.2.1). The recommendations how to improve the data has been mentioned in sections

8.1.2 and 8.2.2. This study uses the criteria that were established by the researcher. Further

analyses should be conducted employing different criteria to confirm the results in this analysis.

8.5. Relationships between performance of graduates’ job and stakeholders’

satisfaction

8.5.1. Conclusions on Objective 5
The study revealed the relationships between graduates’ performance and stakeholders’

satisfaction. The performance was divided into three factors i.e. time, cost and quality as
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presented in Table 6- 17 The relationships were measured using the statistical technique of

Spearman Rho test. This measurement has shown that:

1. Time performance of graduates’ job has significant and positive relationship with

stakeholders’ satisfaction in about 80 % of cases;

2. Cost performance of graduates’ job has significant and positive relationship with

stakeholders’ satisfaction in about 40 % of cases;

3. Quality performance of graduates’ job has no significant relationship with stakeholders’

satisfaction (section 6.5).

The stakeholders’ satisfaction relates to the graduates’ performance especially in time

and cost performance. However, graduates’ time performance is more important because it

often exists. In order to clarify the relationships, they are drawn as shown in Figure 6- 15.

8.5.2. Recommendation to improve Objective 5
In order to more get reliable relationship between performance of graduates’ job and

stakeholders’ satisfaction, the sample number needs to be improved so that the normal

distribution for each variable can be reached. This study used methods of sample selection that

were established by the researcher (section 5.5). Further analyses should be conducted using

different criteria to confirm the results in this analysis.

Further studies with different methods should be conducted to confirm the relationship.

The different methods include: research variables, measurements, data collection methods and

data resources. The variable of performance should be improved according to actual jobs in the

workplaces. Regarding measurement, the Ratio Scale or Interval Scale should be used. The data

collection methods should include the use of interviews to do complex measurement about the

performance. The data source should include a wider selection stakeholder, including

government.
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8.6. Models linking graduates’ competence and stakeholders’ satisfaction

8.6.1. Conclusion on Objective 6
The study has revealed models linking graduates’ competence and stakeholders’

satisfaction. The models were in linear equations as presented in section 7. Based on a sample,

12 models were developed. The models consist of:

1. 2 models linking graduates’ knowledge and stakeholders’ satisfaction;
2. 7 models linking graduates’ skills and stakeholders’ satisfaction; and
3. 3 models linking graduates’ attitude and stakeholders’ satisfaction.

Based on the number of models it is concluded that graduates’ skills has more relationship with

stakeholders’ satisfaction.

The models can used to predict stakeholders’ satisfaction based on graduates’

competence. The most reliable models of each category were plotted in Figure 7- 2.

8.6.2. Recommendation to improve Objective 6
Data in model development is the same as the data of graduates’ competence and

stakeholders’ satisfaction. Recommendations how to improve the data has been stated in

sections 8.1.2 and 8.5.2. With different data type, other models such as the Non Linear

Regression model or the Discriminant model could be developed in order to achieve more

reliable models. The model development used criteria of model development and selection

(correlations and significance) that were established by the researcher. In future, further

analyses should be conducted using different criteria to confirm the results in this analysis.

8.7. Summary of the conclusions and recommendations

All objectives of this study presented in section 1.3 have been realised. The major

outcome of this study is a contribution toward the improvement in the quality of civil

engineering education. The ranking of graduates’ competence could be used to evaluate the

strength and weakness of graduates. The ranking of expectations can be used to improve the

quality of the education. The differences between stakeholders in their expectations can be used

to better understand the characteristics and expectations of the various stakeholders. The

prioritised competencies could be used to gradually improve the quality of education. The
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models can be used to estimate the stakeholders’ satisfaction level or the quality of graduates

based on graduates’ competence. The models also could be used to evaluate and hence to

improve the curriculum and learning methods especially in the civil engineering and

construction fields.

Finally, the quality of civil engineering graduates could be improved by improvement in

graduates’ competence in skills, knowledge and then attitude. The most important

competencies, as assessed by all stakeholders are:

1. ability to use technologies appropriately (S2);

2. ability to access, evaluate and synthesise information (S3);

3. ability to communicate effectively with the community at large (S4);

4. ability to function effectively as an individual (S5)

5. ability to function effectively in teams with the capacity to be a manager (S8);

6. ability to understand the problem identification, formulation and solution (K4);

7. ability to understand laws, regulations and standards (K7);

8. ability to understanding the principles of management and business (K8);

9. ability to undertake lifelong learning (A2); and

10. ability to develop effective interpersonal skills (A9).

However, the various stakeholders have a difference in perception of importance of graduates’

ability in communication with the community at large (S4). Employers, graduates and

professionals considered the ability as the most important skills that should be mastered by

graduates, while academicians differed.

Regardless of these differences the results from the project can be the basis for

designing and improving civil engineering courses.
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