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A lack of enthusiasm for engineering as a career choice is prevalent among young students in
Korea, which may have negative effects on national competitiveness. As understanding students'
perceptions of engineering is a first step toward designing strategies to boost interest in this area,
we surveyed secondary school students to gauge their general knowledge about several engineering
areas, their knowledge about application domains of various engineering fields, their thoughts about
the status of engineers, the types of courses they prefer, the time of life during which they are likely
to decide on future careers, persons/media affecting their career decisions, and other factors. We
found significant differences in perceptions about engineering in different age and gender groups.
Insights gained from the results of our study will be used to establish a youth engineering adventure
program in Korea.
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1. INTRODUCTION

ENGINEERS MUST BE PREPARED to fulfil
key roles across a broad variety of enterprises in an
international context, and to recognize how engin-
eering can be deployed to help steward the world's
diminishing resources. It is important, too, to
ensure a sustainable future for the practice of
engineering in the world, to in turn ensure the
future success and profitability of industry and
business [1].

However, the current environment for engineer-
ing is not very favorable, and young people's
avoidance of engineering is prevalent worldwide.
The importance of K-12 or pre-college engineering
education has increased more than ever before.
Student perceptions and attitudes about educa-
tional experiences have been found to make an
important contribution to the retention of students
in science, math, engineering, and technology
(SMET) programs [2].

Many studies investigating perceptions of engin-
eering as a career choice and of K-12 education
have been conducted [3]. Besterfield et al. [4]
investigated student attitudes and self-assessment
differences among the freshman classes of 17 US
engineering schools. These analyses provided
important perspectives on the characteristics of
freshman engineering students, as measured by
the choices of institutions they attended and their
attitudes. Koehn [5] studied student perceptions of
accreditation criteria employed by the Accredita-
tion Board for Engineering and Technology
(ABET), and noted that undergraduate and grad-

uate engineering students, as well as practitioners,
consider three of the 11 attributes to be particu-
larly important. These attributes are `an ability to
apply knowledge of mathematics, science, and
engineering,' `an ability to design and conduct
experiments,' and `an ability to identify, formulate,
and solve engineering problems.' Shivy & Sullivan
[6] studied engineering students' perceptions of
engineering specialties and used analysis of vari-
ance procedures to examine differences in percep-
tions of engineering specialties by gender,
ethnicity, commitment to career choice, and
career decision-making self-efficacy. Bardsley [7]
studied the importance of effective secondary
education for all children as Australian society
embraces globalization. Forcada et al. [8] investi-
gated students' perception and performance with
traditional against mixture learning methods in an
industrial plants course.

A number of K-12 support programs related to
engineering have been implemented in different
countries. The National Science Foundation
(NSF) of the USA has been employing support
programs for science and engineering education,
from pre-K through graduate school and beyond
[9]. The NSF's DR-K12 (Discovery Research K-
12) program seeks to enable significant advances in
K-12 students' and teachers' learning of the
Science Technology Engineering and Mathematics
(STEM) disciplines through development, imple-
mentation, and policy-making. The GK-12 (Grad-
uate Teaching fellows in K-12 education) program
provides funding for graduate students in NSF-
supported STEM disciplines to acquire additional
skills that will broadly prepare them for profes-
sional and scientific careers in the 21st century.
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Through interactions with teachers and students in
K-12 schools and with other graduate fellows and
faculty from STEM disciplines, graduate students
can improve communication, teaching, collabora-
tion, and team-building skills while enriching
STEM learning and instruction in K-12 schools.
The Royal Academy of Engineering (RAENG) of
the UK supports programs such as Young Engi-
neers, the Smallpiece Trust Engineering Courses,
and the Engineering Education Scheme. These
programs promote a number of schemes at pre-
university level to encourage young people to
consider professional engineering as a career [10].
In Korea there are a number of extracurricular
engineering education programs such as Women
into Science & Engineering (WISE), Junior Engin-
eering Classroom, and Industrial Camp. Most of
these programs exist to complement regular educa-
tion courses in schools that have insufficient en-
gineering contexts. In Korea, the high school
curriculum does not accommodate a separate
curriculum of engineering. This lack of contact
with engineering in secondary education may be
responsible for a widespread engineering avoid-
ance phenomenon. Of the university applicants
matriculating in Korea in 2003, only 32% applied
to programs in the natural sciences and engineer-
ing, while 45% applied to programs in the huma-
nities and social sciences (Education Statistic
Annual Report in Korea). This discrepancy is
due to several factors including the burden for
studying science, a decline of interest in science,
universities' cross-application permission, loss of
opportunities to find employment in engineering
and low salaries for engineers [11] [12].

In order to attract young students to engineer-
ing, first we need to understand what they know
about engineering and how they perceive it. This
understanding can be used to create a strategic
component of student recruitment. Many such
studies have been performed in different countries
at the national level: Relevance of Science Educa-
tion [13], of Norway, Science and Engineering
Indicators [14], of the USA, and Public Attitudes
to and Perceptions of Engineering and Engineers
[15] of the UK. However, engineering perception
studies for youth have not been implemented
widely in Korea, although general surveys on
perceptions of science and technology are avail-
able.

We investigated perceptions of engineering
among Korean secondary school students. We
examined student preferences regarding academic
subjects, general perceptions about engineering,
and factors related to choice of major at college.
We tested whether there are significant differences
in perceptions of engineering by gender or age. The
results of this study are expected to be used to
present suitable strategies to enhance the engineer-
ing perceptions of each group.

The organization of this paper is as follows: in
Section 2 we summarize previous research; in
Section 3 we present the results of a survey we

used to investigate secondary students' perceptions
of engineering in Korea; and in Section 4 we
discuss our findings.

2. RELATED STUDIES

Science and Engineering Indicators developed
by the National Science Board (NSB) of the USA
draws on a variety of quantitative data ``to exam-
ine US students' mathematics and science achieve-
ment, to compare it with that of their international
peers, and to highlight developments, trends, and
conditions influencing the quality of US elemen-
tary and secondary mathematics and science
education'' [14]. SEI shows that:

. . . many factors influence student performance,
either directly or indirectly. Access to challenging
courses, qualified and experienced teachers, school
environments that support learning and teaching,
and opportunities for using computers and the inter-
net are all important factors. Educational policies on
curriculum standards, testing, and accountability, as
well as instructional material, also help define the
broad learning context, while their practical effects
on curriculum, teaching methods, and learning mate-
rials all shape the experiences of teachers and stu-
dents. Looking at these and other factors affecting
education provides a context for the student achieve-
ment results reported

In addition, SEI documented that a recent increase
in Science and Engineering (S&E) graduate enrol-
ment occurred across all major demographic
groups: women, minorities, white men, and foreign
students. Primary mechanisms of support differ
widely by S&E field of study [14].

The ROSE [16] project is an international
comparative project designed to identify factors
that influence the effectiveness of science and
technology education across approximately 60
countries [17]. Key international research institu-
tions and individuals worked jointly on the devel-
opment of theoretical perspectives, research
instruments, data collection and analysis. The
target population consisted of students nearing
the end of secondary school (age 15) who
completed a standardized questionnaire allowing
for the comparison of responses from large groups
across widely different cultures. The ROSE project
explored how students are engaged with and
related to science & technology (S&T) in school
and in everyday life. The results of the ROSE
project revealed generally positive views of S&T
among secondary school students, and that belief
in the benefits of S&T is much stronger in the less
developed EU countries than in the wealthier and
more developed countries.

The Royal Academy of Engineering and the
Engineering and Technology Board of the UK
jointly commissioned BMRB (British Market
Research Bureau) Social Research and BMRB
stakeholders to conduct research exploring public
attitudes to and perceptions of engineering and
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engineers [15]. This project aimed to provide a
baseline measurement of public knowledge and
understanding of engineering that could be taken
forward and used to inform action plans and to
build engagement. The research comprised two
strategies: a quantitative survey and a qualitative
workshop. The quantitative survey findings
showed that people's immediate mental associa-
tions with the word `engineer' vary widely. The
most frequently mentioned associations are related
to construction and mechanics. In the qualitative
workshop, attitudes towards engineering were
more mixed: views were found to relate to the
perceived benefits of engineering, either personally
or for society more broadly.

Changing the Conversation, a publication of the
Committee on Public Understanding of Engineer-
ing Messages, (an initiative of the National Acad-
emy of Engineering, USA), details the results of a
project undertaken to enhance public understand-
ing of engineering [18]. The goal of this project was
to encourage coordinated, consistent, effective
communication by the engineering community to
a variety of audiences, including school children,
their parents, teachers, and counselors, about the
roles, importance, and career potential of engin-
eering. The study used both qualitative and quant-
itative approaches including in-depth interviews
and an online survey. The results of the study
showed that engineers do not have major image
problems and less than 15 percent of the public
associated the words `̀ boring'' or ``nerdy'' with
engineering. In fact, most adults and teens respect
engineers and consider engineers' work rewarding
and important; but perhaps not enough to inspire
them to become engineers.

Studies exploring perceptions of engineering
among young Korean students have not been
conducted frequently in Korea. The Korea Foun-
dation for the Advancement of Science & Creativ-
ity (KOFAC) recently conducted surveys to
investigate public interest, knowledge and attitudes
about science and technology [19]. The respondent
groups included adults, secondary school students,
and a group of science and technology experts. The
results suggest that youths are more interested in
science than adults, that attitudes about science
and technology are generally positive, that scien-
tists are considered to be important for societal
development but that their societal status does not
reflect this importance; and that youths desire
science culture activities that they can experience
directly. However, perceptions of engineering
among youth were not specifically investigated.

Our goal was to conduct a study investigating
perceptions of engineering among youth in Korea.
Secondary school is divided into middle school
(ages 13±15) and high school (ages 16±18) in
Korea. A relatively small number of female
students choose engineering as their college
major. Gender and age differences in perceptions
of engineering and other related issues have been
widely dealt with in the literature.

Osgood et al. [20] studied gender issues in work
experience placement. Scantlebury et al. [21] found
that females prefer biology and males prefer physi-
cal sciences. They also found that females strongly
disagreed that females did not have the ability,
confidence, or interest to do science or that there
were structural barriers to their participation in
science. Callender [22] shows that the university
students attended, their qualifications on entry to
higher education, their gender, the subject they
studied, and their age on entry, all had an effect
on achievement. Ding and Hall [23] studied
gender, ethnicity, and grade differences in percep-
tions of school experiences among adolescents.
They found that male students tended to have
more negative attitudes than female students, and
the results indicated that older students tended to
feel more negative about their educational experi-
ence than younger students. Dabaj and Basak [24]
investigated the role of gender and age on students'
perceptions towards online education. Regarding
gender, the results showed that female students
have a better perception of online education.
Regarding age, the results showed that the older
the students are, the greater is their preference
towards attending face-to-face classes. Agogino
et al. [25] studied difference in gender about
perception of the design process. Bagilhole et al.
[26] studied a woman engineer's experience of
British industrial sectors.

Based on preceding research, we set up the
following hypotheses to investigate young
students' engineering perceptions in Korea:

Hypothesis 1: Engineering perceptions would
differ according to the ages of young students in
Korea.

Hypothesis 2: Engineering perceptions would
differ according to the gender of young students
in Korea.

3. ANALYSIS OF ENGINEERING
PERCEPTION

3.1 Survey framework
In order to test our hypotheses, we needed to

design the perception survey. First, we categorized
related question items used in the previous studies
as shown in Table 1. In addition, we added our
survey questions in Table 1 such as preferred
academic subject, curiosity about engineering, en-
gineering utility, engineers' employment field,
higher education plans, etc.

In order to investigate young students' engineer-
ing perceptions in Korea, we created survey cat-
egories based on preceding projects. Categories
were composed as follows. First, we surveyed
preferences of academic subjects in secondary
school. Through this category, we wanted to
obtain information about the preference level of
science and mathematics, which can be related to
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engineering. Second, we investigated general
perceptions about engineering such as curiosity,
relationship to mathematics/science, difficulty,
utility, social position, income, and engineering
college education levels in comparison to those in
an advanced country. These factors can be used to
show the degree of perception about engineering.
In addition, we surveyed the factors related to
students' decisions about their college majors.
These factors included higher education plan,
time during which students decide on a future
career, people/media affecting career decisions
and engineer's employment fields. Finally, we
surveyed the preference of engineering majors
along with the perceptions of the utility of each
major.

For these analyses, we conducted a survey of
1038 students from more than 40 schools in a
metropolitan area of Korea during JanuaryÐ
September, 2008. Out of these 1038 students,
52% were male and 48% female; 35% were
middle school students and 65% high school
students.

3.2 Result of survey
This paper's survey category is divided into

three dimensions. The first dimension consists of
subject preferences among Korean language,
English, Mathematics, Science, and Social Studies.
Students answered the preferred ranking for each
subject on a 5 point Likert scale, with higher scores
representing higher degrees of preference. Second,

Table 1. Classification of survey category of existing studies
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Fig. 1. Preference of academic subject.

Fig. 2. Academic subject preference by gender.

Fig. 3. Academic subject preference by age.
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we investigated in terms of a 5 point Likert scale
the degree of general engineering perception; while
questions related to the decision of college majors
were adjusted to fit the scale as features. Third, we
surveyed the preference order for nine engineering
majors, giving 9 points for the most highly
preferred field.

Figure 1 shows the distribution of preferred
subjects of secondary school students in Korea.
They mostly preferred mathematics and science;
fewer preferred social studies. Also, we compared
difference patterns with respect to gender and age
as displayed in Figures 2 and 3.

Figure 2 shows that male students mostly
preferred mathematics, followed by Korean
language. In comparison to male students, female
students turn out to prefer mathematics and
science, in that order. Also, a very different prefer-
ence pattern by age was observed in Figure 3.

Middle school students mostly prefer Korean
language, while high school students liked mathe-
matics and science the most. Apparently, high
school students' preference for social studies is
very low. In view of the positive effect of science
and mathematics subjects on engineering, it
appears that some schemes are necessary to boost
interests of both male students and middle school
students in science and mathematics.

We analyzed engineering perception by gender
and age. First stage components consisted of seven
questions: curiosity, relationship to mathematics

and science, difficulty, utility, social position,
income, and engineering college education level
in comparison with that in advanced countries.
Responses for these components were recorded in
a 5 point Likert scale where larger point is the
better. In contrast to other questions, difficulty of
engineering was rated so that smaller point repre-
sents more difficult situation. In order to test
gender and age effects, we used a �2 test. For
this, we arranged responses into two groups: one
for ``less than 3 points'' the other for `̀ more than 4
points'' The analysis result is displayed in Table 2.

In summary, Table 2 shows that there are some
significant gender effects at 10% level in terms of
the perceived difficulty of engineering, social posi-
tion of engineers, and engineering college and
education level in comparison to that of an
advanced country. These results reflect the differ-
ence by gender in engineering perceptions. In
particular, it is observed that male students'
perceptions of these areas are more negative.
This information indicates the importance of
policy to improve male students' engineering
perceptions.

Next, we analyze engineering perception by age.
In summary, Table 3 shows that there are some

significant age effects at 5% level in terms of
curiosity, relationship to mathematics and science,
utility, social position, and income. These results
show that engineering perceptions differ by age. In
particular, it is observed that engineering percep-

Table 2. Analysis of engineering perception by gender

(Unit: persons)
**p value < 0:05; *p value < 0:10.
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tion is improved for high school students. This
information indicates the importance of policy to
improve middle school students' perceptions of
engineering. Next, we analyze decisions about
college majors.

In summary, Table 4 shows that there are some
significant gender effects at 5% level in terms of
higher education plans and employment fields.
Also, we confirmed that there are some significant
age effects at 5% level in terms of higher education
plans, time at which students decide on a future
career, people and media affecting career deci-
sions, and employment fields. These results imply
that youth engineering adventure programs to
promote the perception of engineering must be
designed differently according to age group and
gender.

Along with these categories, we also surveyed
preferences of engineering fields among the follow-
ing nine fields: Architectural Engineering, Compu-
ter Science, Mechanical Engineering, Industrial
Engineering, Biotechnology, Electrical & Electro-
nic Engineering, Materials Engineering, Civil &
Environmental Engineering, and Chemical Engin-
eering.

Figure 4 shows the distribution of preferred

engineering majors of secondary school students
in Korea. They mostly preferred Biotechnology;
Civil and Environmental Engineering was the least
popular field. Also, we compared difference
patterns with respect to gender and age as
displayed in Figures 5 and 6, respectively.

In Figure 5, it is shown that male students
primarily preferred Computer Science, followed
by Architectural Engineering. In comparison to
male students, female students turned out to
prefer Bio Engineering. In addition, male and
female students preferred Civil & Environmental
Engineering the least. Also, a difference in prefer-
ence pattern by age was observed in Figure 6.
Middle school students preferred Computer
Science the most, as did high school students.

In engineering field preferences, we found that
preferences for Civil & Environmental Engineering
as well as for Material Engineering are considerably
low. Compared with this, Architectural, Computer,
and BioEngineering preferences are high. These
results indicate that students' engineering major
preference is biased. Non-preferred majors need to
make an effort to recruit competent students.

Next, we investigated how each engineering
major is perceived. For this, we created questions

Table 3. Analysis of engineering perception by age

**p value < 0:05; *p value < 0:10.
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Table 4. Analysis of engineering perception: decision of college majors

(Unit: persons)
**p value < 0:05; *p value < 0:10.
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Fig. 4. Preferred engineering field.

Fig. 5. Preferred engineering field by gender.

Fig. 6. Preferred engineerig field by age.
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displayed in Table 5. Students were asked to select
engineering fields related to individual questions.
Multiple selections were allowed.

In Table 6, we found important points. First,
students tended to select specific engineering fields
in response to question A. All engineering disci-
plines are related to mathematics, but students do
not think so. For question B, most students
selected industrial engineering (IE). This means
that students recognize the scope of IE relatively
well. In response to question C, most of the
students selected Electrical & Electronic Engineer-
ing and Mechanical Engineering. Although Mate-
rials Engineering is also heavily related to
semiconductor production, students' selection
ratio of the field was low. In question D, the
selection ratios of Architectural Engineering and
of Civil and Environmental Engineering were very
low compared with other majors. Students thought
that these fields are not related to NASA's
research. In question E, most students selected
Mechanical Engineering, Chemical Engineering,
and Materials Engineering. Students thought that
these engineering majors are related to weapons
development. In question F, they mostly selected
Architectural Engineering, but the relationship of
Civil and Environmental Engineering to apartment
design was not well-recognized. Also, in question

G, most students chose both Chemical Engineering
and Materials Engineering. This reflects students'
relatively accurate recognition of the Chemical
Engineering and Materials Engineering research
fields. In question H, students' selection was
equal for each major. In question I, over half of
all students selected Mechanical Engineering and
Electrical & Electronic Engineering. Students over-
looked other engineering majors in this area. In
question J, the majority of students selected
Mechanical Engineering and Electrical & Electro-
nic Engineering. A particular point is that students
selected Industrial Engineering as a third choice.

These observations reflect distorted perceptions.
For most relevancy questions, students selected two
or three engineering majors, although they can be
related to many other majors. These situations
show that those students' perceptions about engin-
eering application domains need to be improved.

4. CONCLUSIONS

The phenomenon of avoidance of engineering
has been prevalent among young students in
Korea. Many overseas countries have conducted
studies about young students' perceptions of
science and engineering. Based on previous studies,

Table 5. Relevancy questions

Table 6. Frequency of perceived relevance to each engineering major

(Unit: persons)
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we created survey questions to understand
students' perceptions about engineering in Korea
and ultimately used the resulting observations to
improve students' perceptions and to overcome the
engineering avoidance phenomenon in Korea.

Compared with previous studies, we focused on
engineering fields and analyzed perceptions of
engineering by gender and age groups of students.
We conducted a perception survey based on a
designed questionnaire which consists of areas of
three dimensions such as academic subject prefer-
ence, general engineering perception, and under-
standing of nine engineering majors.

In academic subject preferences, it was observed
that students recognize the relevancy of science
and mathematics to engineering. In general engin-
eering perception, different patterns were found by
age and gender in terms of students' perceptions of
the difficulty, curiosity, and utility of engineering;
engineers' social positions; etc. This implies that
we need different approaches for each group to
improve their perceptions of engineering. Also, we
observed which are the less-preferred engineering
fields. We found that preference for chemical, civil
and environmental engineering fields is relatively
high. However, there are still less preferred engin-
eering majors that should put their efforts into
contact with students.

It turns out that students decide their higher
education plan during high school. Therefore, an
introduction to the engineering field is important
at this time. We need to derive some approaches
that make male students, who showed higher
avoidance rates, think seriously about engineering
fields, and we need to inform them about the
positive sides of the engineering majors. The
reason for male students' engineering avoidance

is that they have a low preference for mathematics
and science compared with female students. Also,
we found that as students grow older, their percep-
tion of engineering is improved. In other words,
middle school students' engineering perception
level is lower due to less exposure to engineering.

Therefore, we should focus on developing the
engineering adventure program by aiming it at
middle school students. When developing the en-
gineering adventure program, we need contents to
improve male middle school students' perceptions
about the difficulty, curiosity, utility, social posi-
tion, and income related to engineering.

Through engineering major relevancy questions,
we found that students' perceptions are skewed
about the engineering major. For high school
students who are at the stage of deciding on their
majors for college, effective introduction of speci-
fic engineering fields is necessary. These results are
important information to set up the youth engin-
eering adventure program, which is designed to
offer learning experiences about engineering to the
youth in Korea.

We conducted a general analysis about percep-
tions of engineering, which suggests the develop-
ment of a youth engineering adventure program
that can accommodate different age groups of
Korean students.

Designing such a program and analyzing chan-
ging perceptions of engineering through the experi-
ence of this program are left as areas for further
study.
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APPENDIX A

Part of survey questions

1. Write the preferred rank about subject and major

Subject Rank

Korean language
English
Mathematics
Science
Social studies

Major Rank

Architectural Engineering
Computer Science
Mechanical Engineering
Industrial Engineering
Bio Engineering
Electrical & Electronic Engineering
Materials Engineering
Civil& Environmental Engineering
Chemical Engineering

2. First stage questions

General questions Answers

Very low Normal Very high

What degree of curiosity do you have in engineering field? 1 2 3 4 5

What do you think about the relationship between
mathematics/science and engineering?

1 2 3 4 5

How difficult do you think engineering is? 1 (very difficult) 2 3 4 5 (very easy)

What do you think about the utility of engineering? 1 2 3 4 5

What do you think about engineer's social position? 1 2 3 4 5

What do you think about engineer's income? 1 2 3 4 5

What do you think about engineering college education
level in comparison to that of an advanced country?

1 2 3 4 5
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