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Abstract

Engineering professionals work in wide variety of industries and deal with many types of works including design,
manufacturing, construction, management of products, processes, services, and supply chains considering the effective
and efficient utilization of resources. Unlike other majors, content of engineering major could be very wide and vast
and involve day to day real life activities. Engineering students, therefore, need to develop specific types of skillsets
and prepare themselves for the real workplace. Although there has been increasing emphasis in the universities to
provide more real-life learning experience to their students, there is a lack of studies on the establishment of
relationship between students’ career choices and related skills and whether universities are able to provide such skills
to their students. No recent study in Australia has investigated whether universities are properly equipping their
students with necessary skills and knowledge with contemporary industries. A sample of mechanical and civil
engineering students were surveyed using a well-designed questionnaire to address this research gap. Results show
that engineering students surveyed intend to pursue diversified professions and they require specific set of skills. It
was found that level of skills achieved by the students widely varied- ranging from 40% to 85%. This study also
examined the relationships between skill achievement and gender, cumulative GPA, country of origin and engineering
majors.
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1. Introduction

Higher education refers to a continuous process of learning by students in specialised disciplines of a university or
similar tertiary institute. Academic disciplines are well-versed across universities. Each discipline in arts, business,
science, and technology designs its own curriculum meeting accreditation requirements for stipulated knowledge and
skills to be reflected through the graduate attributes of students. Industries create job market for students and make
critical appreciation of those knowledge, skills, and graduate attributes.

Students are the primary stakeholders of university education systems. They invest in their education with dual

objectives, primarily to gather knowledge and skills, and ultimately to find a job in accordance with their career choice.
Universities in the developed countries like Australia have a formal process of having student evaluation about various
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aspects of learning and teaching, including the quality of teaching resources, teaching style, assessments and
constructive or summative feedback to students. However, the learning and teaching approaches and evaluation
systems do not create any opportunities for students to provide opinion of whether the knowledge and skills they
achieve through the university are adequate and congruent with their career choice or would be able to meet
expectations of the industries where they would like to commence their career. There is a lack research in examining
whether the university students’ skills are adequate for the industry and how students assess the link of knowledge
and skills to their career choice. The present study addresses this gap and aimed at securing a deeper understanding of
the students’ career choices and their perception about skills and knowledge required for their aspired career path.
Using a highly reliable survey questionnaire, a questionnaire survey was conducted among the civil and mechanical
engineering students at Queensland University of Technology (QUT), Brisbane, Australia. About 63 engineering
students out of 300 responded in the survey resulting in a response rate of 21%.

The paper is structured with five sections. Section two reviews relevant literature. Section three outlines the research
approach. Section four discusses the research findings. Finally, section five concludes on the paper with policy
recommendations and suggestions for future research.

2. Literature Review

Connections between engineering study and skills required in the real workplace have been studied by different
researchers. Stiwne and Jungert (2010) examined engineering students’ experiences of transition from study to work
in Sweden. The authors found differences in the way students expressed opinion about their curricular design, career
plans, job search and job satisfaction. During interviews, students opined that general skills and cultural values are
best learned in extracurricular activities and in work contexts. The findings suggest that subject-specific knowledge,
math skills, problem-solving skills and research project-based experiences are critical to career choice decisions.

Lins et al. (2014) argued that engineers may leave engineering careers due to non-attractiveness of engineering
profession. Because of their diverse training in science and mathematics, they have possibilities to work in non-
engineering occupations. This may result in shortage of engineers in job market. However, the authors did not dig into
the deep to investigate whether or not engineering curricula were interesting to students and motivating to choose
engineering career.

Paolillo and Estes (1982) undertook an empirical analysis of career choice factors among accountants, attorneys,
engineers, and physicians. They investigated the time for career choice decision during pre-high school, high school,
freshman or sophomore year of college, junior or senior year of college and post baccalaureate. They found that while
accountants tend to decide on their profession during the first two years of college, most prospective mechanical
engineers and physicians choose their career track by the time they finish high school. This implies what mechanical
engineers do study during their engineering degree may not have substantial effect on their career choice decisions as
they already have made up their mind. The authors tested 12 factors that may have influence on the selection of a
profession. These factors include earning potential, association with others in the field, parental influence, cost of
education, social status attainment, job satisfaction, years of formal education required, aptitude for subject matter,
peer influence, previous work experience and availability of employment. It was found in their study that employment
availability is the most influential factor to accountants and mechanical engineers while social status attainment
appears to be less important to them. The authors argue that accountants and engineers require similar analytical skills
and their career choice decisions are much influenced by the same factors. However, this study was undertaken about
40 years ago. It is imperative that a new study is conducted on current students’ perception of the time and factors of
career choice.

Margolis and Kotys-Schwartz (2009) report that as of 2002, while 2.2 million people in the US workforce had a degree
in engineering, approximately 1.2 million of them were in engineering-related jobs, and as a consequence,
approximately 1 million people with engineering degrees did not practice engineering in the USA. The authors opined
that the College of Engineering and Applied Science of the University of Colorado at Boulder conducted a graduation
survey, but little is known about intended career plans of graduating engineers and how their career plans are
influenced by their educational knowledge and skills. They suggest that research should be conducted on the
educational experience of undergraduate engineering students by determining strengths and weaknesses in student
abilities. The authors suggest case study interviews and focus groups for further studies to assess the factors related to
post-graduation attrition.
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Meijers and Kuijpers (2014) acknowledged that universities have responsibility to guide students to simultaneously
achieve academic growth and develop career. In their view, universities being funded by the government have
responsibility to prepare students for the society and labour market. However, in authors’ view, universities often lack
knowledge and motivations to guide students to choose their career paths. Although these authors’ study did not
consider specifically engineering students, their findings can be generalised for an overall understanding of
universities’ role in shaping students’ career goals and choices.

Jung and Yoo (2022) conducted a study on career education needs of Korean nursing students and professionals. Using
two surveys, the authors found that career awareness and development are affected by a customised career education
program based on priority items. As the study was conducted on nursing students only, its findings have limited
generalisability. This provides impetus for conducting a study on engineering students to examine whether inclusion
of career development programs and training in the university curricula would be conducive for future career of
engineering students.

Overall, the review of literature in this section unfolds the lack of recent studies examining the rigor of university
curricula and its relationship with the students’ development of skills and knowledge required in the real-life
engineering jobs in Australia. Here lies the justification of the present study.

3. Methods

A key research question guides the present study: Are the knowledge and skills achieved by students through the
university study congruent with their future career choice? To address this research question, the study uses a
questionnaire survey approach. Queensland University of Technology (QUT) is selected as a case for data collection
and in-depth evaluation of research findings. Students who have been selected for this study are 3™ and final year
students from the Mechanical Engineering and Civil Engineering disciplines, from the Faculty of Engineering. A
questionnaire-driven survey is conducted to collect students’ opinion about their career, their thoughts about the skills
required for the expected jobs, level of those skills they were getting from the university study and the teaching-
learning approaches. It is assumed (hypothesised) that students’ satisfaction with the university study depends on
whether the skill and knowledge they gather from the university meet their career expectations. Upon developing the
proposed questionnaire, it is directed to 300 engineering students selected, applying simple random sample technique,
from the Faculty of Engineering (FoE), Queensland University of Technology (QUT). The recommendation of Oke
et al. (2012) and Karim et al (2019) regarding the sample size is considered in this paper.

A traditional paper-based survey questionnaire was distributed among the students during the last week of the
academic semester. The first section of the questionnaire consisted of the demographic and background information
of the students, and the 2nd section consisted of statements related to their career plans after graduation, what skills
they thought would be required for those jobs, how much of those skills they think they achieved during the university
study, and any suggestions to improve the engineering course learning outcomes.

A limitation of the study is that it is conducted on a single university and based-upon survey of mechanical and civil
engineering students only. The students are from 3™ and 4% year of their study, which means that there are still
learning. It is expected that the opinion they expressed at this stage of their study might change when they complete
their study. As a consequence, the findings of this study may not be generalised. However, given the lack of studies
on engineering students, the study would significantly contribute to the literature and lead to further studies on this
important topic.

4. Results and Discussion

4.1 Response rate

After sending the 300 questionnaire, 63 completed responses from the selected undergraduate mechanical and civil
engineering students at QUT were returned to the authors. The sample size of in this study is considered appropriate
for further analysis as per recommendation of Oke et al. (2012). Thus, based on the number of the submitted surveys
and the acceptable returned questionnaire, the response rate was 21 %, which was considered acceptable compared to
other studies in relevant field (Karim, 2010a). Reliability tests were conducted for all the variables studied as a measure
of the internal consistency of the research instrument employed to measure concepts. A minimum a value of 0.60 for
variables is indicated as identifying that the variables are internally consistent and are good measures of the concept
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studied (Sarhan el al., 2020). Reliability of the instrument used was 0.721 and all the variables studied have significant
F values (p <0.05).

4.2 Demographic information

About 70% respondents were Australian and 30% were international students from 9 countries. Majority of
engineering students at Queensland University of Technology are male, which is also reflected in the survey response
as 81% respondents are male, and the rest are female. The average age of the respondents was 24 years. Although
most of the respondents are regular students withing age range 20-23, there are some matured students with age up to
39 years. The students were asked to mention their average GPA and the reported GPA were between 4 and 7 in the
scale of 1-7. The demographic data shows that the respondents were similar to the student population of the Faculty
of Engineering at QUT.

4.3 Career Aspiration

As the universities aspire to equip their students with the knowledge and skills to work in the real industry, it is critical
for them to know what industries the students are destined to and the skills they expect from university graduates. The
students were asked to opine what their career aspiration would be after the graduation. The responses from the
mechanical and civil engineering students are presented in Figures 1 and 2, respectively. It can be seen that the students
expected to take diversified career paths. It is interesting to see only about 36% of the mechanical engineering
respondents intend to pursue a pure mechanical /manufacturing or industrial engineering jobs and 26% want to work
either in oil and gas industry or in design. The other 38% are interested in different other jobs including IT, project
management and mining industries. This result supports the findings of Margolis and Kotys-Schwartz (2009) who
reported that 45% of engineering graduates in USA were working in different fields.

On the other hand, the career choices for civil engineering student seem to be very discipline oriented as 75%
respondents said that they want to do a civil engineering job. In fact, construction is also a civil engineering job and
if we merge this with civil engineering jobs, the proportion of respondents aspired for civil engineering job becomes
more than 80% (Figure 1 and Figure 2).
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Figure 1. Career aspiration of mechanical engineering students
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A comparison of Figure 1 and Figure 2 above reveals that mechanical engineering students have more diverse career
choices than civil engineering students. While 36% of mechanical engineering students aspire to commence career in
the mainstream mechanical, manufacturing, and industrial field, most (74%) of them would like to be employed in
varying fields such as oil and gas, mining, engineering design, project management, IT, etc. To the contrary, only
18.7% would like to commence career in diversified fields including project management and architecture. Again,
these fields can also be related to civil engineering.
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Figure 2. Career aspiration of civil engineering students

4.4 Skills Required

University students expect that they will gather necessary skills from their undergraduate study to successfully work
in the jobs they aspire to pursue. The students were asked what skills they think required for the job they selected.
They needed to list up to four skills they think are most critical for that job. The results are presented in Figures 3 and
4 for mechanical and civil engineering students respectively.

Figures 3 and 4 show that while top five required skills for mechanical engineers are (in order) communication skill,
teamwork, project management skills, management skills and operations management; civil engineering students
ranked (in order) the communication skill, engineering knowledge, management/ operations skills, teamwork and
report presentation as their main required skills. It is interesting to see that students from both majors ranked
communication skill, management skill and teamwork as the most important skills required in their career. If the
project management skills, management skills and operations management skills mentioned by mechanical
engineering students are grouped as management skills, top four skills for both majors would be same, which are
communication skill, engineering knowledge, management skills and teamwork. It is surprising that only 15% of civil
engineering respondents and 9% mechanical engineering respondents thought engineering knowledge was important.
The possible reason could be that, they thought, during successful completion of the courses, the students would have
gained engineering knowledge anyway.

Mechanical engineering students also mentioned problem solving skills, planning, time management and
programming skills as other impotent skills required. On the other hand, the civil engineering students thought that
report writing/presentation, industry experience, software, motivation and construction knowledge as essential skills.
These are understandable as civil engineering students need to continuously report the project progress and therefore
report writing and presentation skills are important for them. Most civil engineers use software in design, construction
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and project management jobs and skill in software is therefore essential. Many civil engineering students engage in
design and construction projects at some stage of their career and therefore construction and project quality/reliability
knowledge are important. It can also be seen that civil engineering students mentioned ‘industry experience’ as
necessary skill. It implies that they civil engineers are expected to be directly involved in the field work and therefore
a prior industry experience will be critical.
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Figure 3. Required skills selected by mechanical engineering students

@ 25%
c
Q
T 20%
o
&
g 15%
k]
c 10%
2
S 5%
4
0%
NS
S O & S
& N ¥ P @ \® F & & 8
’i}o o) O ’b((\ Q) Qz &Q, 0\\ K\Q' () \\\Q
& & 2 & ¥ G N SN
& & A N\ RN 2 Y
O .Q°o Q) \ Q & \ .00
S & > & S ) o X
& & & o ) L& ¢
& &0 K& & & L
C ) (‘\\' A Y S Q&
15 e ®o &
Q/é\ ©
&
Q'b Skills required for expected jobs

Figure 4. Required skills selected by civil engineering students

4.5 Achievement of skills

After getting the students’ opinion about their career aspiration and necessary skills for their career, the critical
question is whether universities are able to equip their students with those skills. The students were asked to estimate
what proportion of the required sills they thought they achieved. From the responses, it can be seen that students
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achieved these skills at various levels ranging from 40% to 85%. Only 27% students reported that they achieved 80%
and above the skills required for their jobs. More than 70% reported that they achieved 60% or lower of these skills.
The interesting part of the results is that the achievement of skills is influenced by several factors including gender,
GPA, engineering major, and country of origin. Average skills achievement by male students was 66% compared to
59% for female students. A direct relationship between cumulative GPA and skill achievement was evident as students
with average GPA between 4-5, 5-6 and 6-7 have reported to have achieved 61%, 65% and 71% of their expected
skills. It is interesting, however, females having higher average GPA (5.9) achieved lower level of skills compared to
their male counterparts (5.8). This discrepancy worth further investigations.

Similarly civil engineering students reported to have achieved lower (60.31%) skills compared to mechanical
engineering students (65.36%) despite their higher GPA (6.35) compared to their mechanical engineering counterparts
(5.7). This might be related to their year of study as civil engineering students were 3™ year students while mechanical
engineering students were from the 4" year cohort. It is expected that by the time they reach final year, they will
acquire further skills. Interestingly, international students reported to achieve much higher skills (67.81%) compared
to local Australian students (62.43). Other studies (Karim, 2010b) reported that international students are more regular
in attending their lectures and tutorials compared to their local counterparts. The difference in skill achievements,
therefore, can be related to the attendance to teaching and learning sessions.

5. Conclusions

This paper examined engineering students’ potential career choice decisions and their perception of the achievement
of the required skills and knowledge in pursuit of their career-choices. Working on the data collected from the
mechanical engineering and civil engineering students at QUT, Australia, the study finds that mechanical engineering
students have more diverse career choice decisions than the civil engineering students. Surprisingly, a number of
students opt for non-mainstream engineering careers.

The results show a varying level of skill achievement for the student surveyed. While only 27% of the respondents
opined that they achieved 80% or above skills required for the chosen careers, more than 70% reported that they
achieved 60% or lower of these skills. Interestingly, the skill achievement widely varied across gender, students” GPA,
country of origin and engineering major. The results warrant further comprehensive studies to extract key factors
related to students’ skill achievement. Such findings will help universities in moderating curriculum and student
support mechanisms to improve students’ knowledge and skills required in pursuit of their career choices. As it is a
preliminary study with some limitations mentioned above, concrete conclusions cannot be made and/or findings
cannot be generalized. It is expected that further research in this area will help universities in re-engineering the
curricula and teaching-learning approaches so that real-life profession-oriented education, knowledge and skills are
achieved by students during their study. As this study has been conducted on a single university, future research needs
to be undertaken considering larger sample, in particular on the engineering students of more universities in the state
or country.
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