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Abstract—EXxisting studies on the ethical perception of engineering students
are based on observations among students who have participated in the ethical
courses of engineering schools. Whether the students have never participated in
the engineering ethics curriculum, can they perceive the specific ethical codes
that apply to engineers? Therefore, the purpose of this study is to examine the
ethical perception of students who have never participated in the ethics curricu-
lum. The results of quantitative analysis from survey data with 654 Vietnamese
engineering students show that the students have a positive perception of
specific ethical codes that apply to engineers. The voluntary blood donation
factor is not correlated with the ethical perception of engineering students.
Gender, student year, GPA and students' opinion on technology are factors that
have different effects on students' perception of different codes of ethics.
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1 Introduction

Ethics is an important aspect in developing the professional identity of engineers
[4, 5]. Several recent studies show a growing interest in engineering universities about
improving the ethical knowledge of their students and the training of pre-engineers
with ethical responsibility [3, 19, 26]. Ethical decision-making is essential to the en-
gineering profession, and ethical education should be a fundamental task in training
engineering students [22]. Engineering ethics education can reinforce the tendency to
act ethically and build a solid foundation in ethical decision-making for students [3,
15]. Students taking an ethics-based course or module is more likely to realize the
core of an ethics problem in a certain complex situation than students with no previ-
ous experience [3]. However, those findings came from observations among students
who have participated in the ethics courses in the engineering school. Using the key-
word "engineering ethics" and searching the ERIC and Google Scholar databases, the
researchers did not find any literature examining the ethical perceptions of engineer-
ing students who have never participated in the ethics curriculum. This indicates a
knowledge gap in the existing literature to answer the question of whether engineer-
ing students are able to recognize the specific ethical codes that apply to engineers.
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Therefore, the purpose of this study is to examine the ethical perception of students
who have never participated in the ethics curriculum.

While it is possible that the students have never participated in the ethics curricu-
lum, there is absolutely no ambiguity in the assertion that students may have heard
about ethical issues in talks at home, on the TV, on the streets, among friends, or
some have personally experienced ethical issues at work, or working on projects [4].
These exposures or experiences can naturally help students attain a certain level of
ethical knowledge and reinforce students' inclination to act ethically and build a solid
foundation in their ethical decision-making skills. Furthermore, some researchers
seem to disagree that students who attend an ethical course or module are more likely
to recognize the core of a moral issue than students who have not had any such prior
experience [3]. In addition, existing studies indicate that many engineering curriculum
provides very little opportunity for students to systematically learn ethical behavior,
and the production of ethical behavior is also very complex of individual psychologi-
cal processes [4]. Some other studies have argued that ethics cannot be taught in the
direction of ethical behavior, but they propose that ethical reasoning (or ethical justi-
fication) is teachable [28]. So, by examining the ethical perception of engineering
students who have never participated in the ethics curriculum, we can better under-
stand the ability of students to recognize the ethical codes. With this understanding,
policymakers and instructors can plan engineering ethics courses and teach engineer-
ing ethics more effectively to students.

2 Theoretical framework

2.1  Codes of engineering ethics

Existing studies indicate two perspectives of the approach to teaching engineering
ethics in universities [15]. In the first view, philosophers provide the engineering
ethics courses that help students to learn the ethical standards that apply to engineers
by using rational justification for ethical codes from philosophical origins [15]. In the
second view, engineering instructors often provide courses on ethical standards by
giving students practice discussion and debate on the ethical cases of the engineering
profession [2, 25]. Regardless of the approach taken, the code of ethics is a central
theme of the engineering ethics course [28]. In fact, there are many different codes of
ethics for different areas of engineering. For example, the code of NSPE, ABET and
NIEE apply to all areas of engineering, while the code of ASME, IEEE, AlchE,
ASCE apply separately to each area of engineering. Those different codes are en-
forced by the professional organizations that apply them, for example, an IEEE mem-
ber licensed as a professional engineer may be subject to IEEE's ethical codes [9]. The
researchers found two perspectives on the description of codes of ethics by profes-
sional organizations. A set of short codes for generality, such as the IEEE's code, can
obscure engineers' disagreement about how they should behave in an ethical situation,
while a set of long codes, such as NSPE's code, which provides a lot of specific in-
structive information for engineers to implement as they spend time reading them [9].
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Although the codes are described as a statute, in fact, those codes are more like a
guide to conscience, professional responsibility, or public judgment. The code is also
easy for engineers to read, understand and apply it [9]. This implies that engineering
students can also perceive these codes of ethics in their work.

Research question 1: Engineering students who have never participated in the eth-
ics curriculum, how do they perceive the codes of ethics?

2.2 Factors affecting engineering students' ethical perception

Engineering ethics often focuses mainly on the ethics of engineers, who act as in-
dividuals in the field of engineering [6]. A paradigm of the moral engineer prevails as
a "moral hero", it is considered as a contemporary thinking in engineering ethics [1,
6]. A moral hero tends to be both personality and manly to cope with every possible
moral challenge [1, 6]. Although individual engineers play a central role in ethical
situations, they are not the sole actor in the matter. Ethics exists in the field of engi-
neering as a part of the complex relationships between many other people, organiza-
tions, and groups [6]. Therefore, in some recent studies, a paradigm of feminist engi-
neering ethics has been approached to comprehensively complement an awareness of
gender into engineering ethics [6, 23]. Women seem more sensitive to engineering
ethical situations [28]. Bairaktarova et al. imply that many variables such as age and
work experience, social activities and cultural background play a role in ethical deci-
sions [4].

In a research report of about 200 college students in the United States, it was re-
vealed that there was no relationship between the grade point average (GPA) and the
students' ethical perception [27]. Although this result is somewhat surprising, perhaps
it must be further confirmed in the area of engineering ethics.

The final factor of interest in this study, the way students perceive technology,
does it affect the students' ethical perception? By creating and using technologies,
humans have achieved a high degree of independence from nature [6]. Human lives
are increasingly intertwined with complex technological systems that we constantly
delegate to them new tasks and powers. However, safety concerns are also growing
everywhere as technologies could be misused from the original purpose, such as pri-
vacy rights and GPS technology, pregnhancy screening technology. A philosophical
view is that technology is neutral, neither good nor bad, and what matters is how we
use it [16]. While the opposite direction, a philosophical view is that society is at fault
in developing and implementing those technologies [13]. That gives us reason to
believe that students' opinions on technology affect their ethical perception.

Research question 2: Gender, student year, volunteering activity, GPA, opinions
on technology of students, among them, what are the factors that influence the ethical
perception of engineering students?
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3 Methodology

3.1 Design

This study was a survey design in which online questionnaires were used to exam-
ine the ethical perception of students who have never participated in engineering eth-
ics curriculum. The online survey was conducted in the second half of 2019 to the
first half of 2020 to test the ethical awareness of engineering students at Hanoi
University of Science and Technology, Vietnam. HUST is the most prestigious
engineering university in Vietnam [17, 18]. However, in HUST's engineering pro-
grams, ethics has not yet become an independent course or integrated across the engi-
neering curriculum. That means that HUST's students have never been in ethics
courses. All of the students participating in the survey have experience for at least one
semester of study in engineering subjects. At HUST, this meant that all responses
were from the second-year students and above. The online questionnaires were
branched out, and if the participants were not second-year students and above, they
would not continue to participate in the questionnaire. The convenience sampling
techniques have been used to collect data from all the courses that researchers'
colleagues are working on.

3.2 Instrument

The measuring instrument is designed with two main groups of questions:

The first group of questions was to collect data on the characteristics of
engineering students, including gender, student year, GPA, and voluntary blood
donation of students. Question No. 28 designed by Tucker and Ferguson was used to
collect students' opinion on technology [29].

The second group of questions was to collect data about the ethical perception of
engineering students. Because the ethical codes of engineers differ from country to
country as a result of diverse cultural, educational, and professional backgrounds [4].
While the Vietnamese engineering society has not yet developed ethical codes for
engineers, this study is based on the NSPE Code of Ethics for Engineers of the
National Society of Professional Engineers, USA [20]. The NSPE's Ethical Codes are
used by researchers because they are long and detailed, non-abstract, and are
applicable to all fields of engineering [9]. A list of ethical behaviors have been
carefully developed corresponding to each code in the NSPE Code of Ethics for
Engineers. Then, a seminar in our research team was conducted to eliminate
ambiguous ethical behaviors in the Vietnamese engineering society, as it could lead to
reactions of inconsistent ethical perception among students. A total of 27 ethical
behaviors were carefully selected to collect the students' responses. Students were
asked to rate these ethical behaviors by five levels, including: 1 = Not at all unethical,
2 = Not particularly unethical, 3 = Somewhat unethical, 4 = Basically unethical, 5 =
Very unethical.

The measuring instrument of ethical behavior was tested for internal reliability.
According to Cortina, a "Cronbach’s alpha" value higher than '0.70" actually reflects
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internal consistency, regardless of the number of responses [8]. If the 'Corrected Item
- Total Correlation' value is less than '0.3' and 'Cronbach's Alpha if Item Deleted'
value is greater than a 'Cronbach's Alpha' value, they are used to remove items that
don't fit in the scale.

The results of the internal reliability analysis of the measuring instrument were
shown in Table 1.

In Table 1, the internal reliability analysis for the original variables obtained a
Cronbach alpha value of 0.932, which was greater than the standard value of 0.7.
However, the variable 'I1' was removed because its "Corrected Item - Total
Correlation™ value of 0.275 was less than 0.3. Result of the second internal reliability
analysis obtained a Cronbach alpha value of 0.932 greater than the standard value 0.7.
In all item cases, the "Corrected Item - Total Correlation" values were greater than
0.3, and "Cronbach's Alpha if Item Deleted" values were no greater than a overall
Cronbach alpha value of 0.932. Therefore, the internal reliability of the measuring
instrument was acceptable.
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Table 1. Internal reliability analysis

Code Items Corrected  Cronbach's
Item-Total Alpha if Item
Correlation Deleted
(Initial / (Initial /
Revised) Revised)

11.  Not report to the responsible parties in the circumstances that could endanger life
and property of the public.
12. Approval of engineering documents that are not in conformity with applicable
standards.
13.  Reveal facts, data, or information without the prior consent of the client or
employer.
14.  Permit the use of their name or associate in business ventures with any person or
firm that they believe is engaged in fraudulent or dishonest enterprise. 504/.501 .930/.931
15.  Aid or abet the unlawful practice of engineering. 408/.405 .931/.932
16.  Undertake assignments beyond education and experience in the technical field. 433/.433  .932/.932
17. Sign engineering plans or documents that are not controlled by the engineer
himself or lack competence. -585/.584 .929/.930
18.  Accept coordination, signing the engineering documents of an entire project when
each technical segment has not been signed by the qualified engineers. 554/.554 .929/.930
19.  Lack of objectivity and honesty in professional reports, statements, or testimony. .678/.678  .928/.928
110.  Accept compensation, financial considerations or otherwise, from more than one
party for services on the same project, when the circumstances are fully disclosed .592 /.595  .929/.930
and agreed to by all interested parties.
111. Falsifying the qualifications of engineer himself and their associates; advertise
false information about competences and past accomplishments. 650/.652 .928/.929
112.  Pay a commission, percentage, or illegal brokerage fee in order to secure work. 619/.621 .928/.929

932/
275 Delete Unavailable

4471 .441  931/.932

.525/.522  .930/.931

113.  Not acknowledge errors and distort or alter the facts. .600/.600 .929/.930
114.  Not advise their clients or employers when believing a project will not be

successful. .649/.650 .928/.929
115.  Accept outside employment to the detriment of their regular work. .652/.654  .928/.929
116.  Attempt to attract an engineer from another employer by false or misleading

pretenses. .695/.698  .927/.928

117.  Trade the dignity and integrity of the profession for promoting their own interests. .599/.600  .929/.929
118.  Complete and sign plans and/or specifications that are not in conformity with
applicable engineering standards. 650/.649 .928/.929
119.  Not keep up to date with the latest developments in area of the engineer himself. 529 /.531  .930/.931
120.  Engage in conduct or practice that deceives the public, meaning that the use of
statements containing a material misrepresentation of fact, or omittingamaterial  .555/.553  .929/.930
fact.
121.  Disclose, without consent, confidential information concerning the business affairs
or technical processes of any present or former client or employer on whichthey ~ .596 /.595  .929/.930
serve.
122.  Accept commissions, financial or other considerations from any party related to
the work for which the engineer is responsible.
123.  Attempt to obtain employment or advancement or professional engagements by
untruthfully criticizing other engineers, or by other improper methods.
124.  Without consent, use equipment, supplies, laboratory, or office facilities of an
employer to carry on outside private practice. 6741675 .9281.928
125.  Pass blame for errors to an innocent co-worker. 558 /.557  .929/.930
126.  Using designs supplied by a client without recognize that the designs remain the
property of the client and duplicated it for others without express permission. 575/.572 .929/.930
127.  All matters related to copyrights of other engineers are ignored, when undertaking
work for others in connection with which the engineer may make improvements, .509/.509  .930/.931
plans, designs or other records.

.555/.558  .930/.930
.600/.600 .929/.930

Initial Cronbach's alpha = 0.932 ; Revised Cronbach's alpha = 0.932
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3.3 Data analysis

Quantitative analyzes in SPSS were conducted for all the data collected. In the
initial analysis, the descriptive statistics were conducted for data on student
characteristics including gender, student year, GPA, voluntary blood donation of
students, and students' opinion on technology. Then, a Exploratory Factor Analysis
(EFA) was used to examine the scale's dimensionality. Finally, there were linear
regression analyzes.

EFA was conducted for the scale to examine its dimensionality. A cut-off point of
0.45 of the KMO (Kaiser—Meyer—0Olkin) value was used to examine the relevance of
factor analysis [7]. Principal components analysis was used to find patterns in the
large datasets [10]. The eigenvalue value was not less than 1.00 and the total variance
of the measuring factors is not less than 50%, which will be explained by the
alternative common factor [11]. Rotated Component Matrix analysis was conducted
to examine the convergent and discriminant validity of the independent variables
loading an alternative common factor. The values of factor loading of the variable
must not be less than '0.5' to ensure convergent validity [14]. In the same row, the
values of the factor loading of each variable must be separated by at least '0.3' to
ensure discriminative validity.

Linear regression analysis was used to examine the effect of students
‘characteristics (such as gender, student year, GPA, voluntary blood donation of
students, students' opinion on technology) on the ethical perception of engineering
students. Determining whether a regression structure was statistically significant
based on the amount of "change in R?" and its associated p-value [12].

The ethical perception of students was represented by means and standard
deviations. We used the following scoring system designed by [24], including: 1.00 -
1.44 = Not at all unethical; 1.45 — 2.44 = Not particularly unethical; 2.45 — 3.44 =
Somewhat unethical; 3.45 — 4.44 = Basically unethical; 4.45 - 5 = Very unethical. The
mean value of 3.45 was fixed as the cut-off point [21], meaning that a variable was
perceived as 'unethical’ if the mean score of 3.45 or higher [24]. The variable received
a mean value of 4.45, which was determined to be 'very unethical’ by the students [21,
24].

4 Results

4.1  Sample characteristics

In the two weeks since the online survey was conducted, we have received 969
respondents. The average time to complete a questionnaire about 13 minutes. There
were 654 responses that were considered valid when no items were left blank.

The results of the sample characteristic analysis are shown in Table 2.
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Table 2. Sample characteristics

Category Frequency Percentage
Gender
Male 461 70.5
Female 193 29.5
Total 654 100
Student year
Second year 137 20.9
Third year 446 68.2
Fourth year and higher 71 10.9
Total 654 100
GPA
<1.99 77 11.8
>20to<249 282 43.1
>251t0<3.19 241 36.9
>3.2t0<4.0 54 8.3
Total 654 100
Voluntary blood donation
Yes 339 51.8
No 315 48.2
Total 654 100
Students' opinions on technology
Engineers must first create new technologies and then find ways they
can be used in society. 8 127
Engineers must first identify social needs and then create new tech-
nologies to address them. 571 873
Total 654 100

4.2  Exploratory factor analysis

The EFA was conducted in two tests to examine the data's dimensionality on the
ethical perception of engineering students. In the first test, a KMO value of 0.949 was
greater than 0.45, and a p-value of 0.00 was less than 0.05, but the items 19, 111, 112
and 122 were deleted because these items are load factor in itself (please see Appen-
dix 1). In the second test (Table 3), a KMO value of 0.939 was greater than 0.45, and
a p-value of 0.00 was less than 0.05 indicating that the rotated factor loading matrix
was statistically significant. The results of Total Variance Explained result an Eigen-
values value of 1.034 (greater than 1) and a Cumulative value of 56.45% (greater than
50%). In other words, the original items explained to 56.45% of the total variance of
the alternative common factors. In all cases, the factor loading values were greater
than 0.5 and no items loaded more than two new factors indicating that convergent
validity and discriminative validity were accepted.
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Table 3. Factor analysis for the ethical perception of engineering students

Rotated varimax
Code / Item M | SD
Factor 1 |Factor 2| Factor 3| Factor 4
Factor 1: Students' perception for engineers' honesty
- 4.33 |.586
and acting as truthful trustees.
126 443 |.742| 740
125 437 1.808| .706
123 433|.797| .681
127 4.211.906| .631
121 450 |.732| .613
124 4.03 |.884| .607
120 445 |.755| .545
Factor 2: Students' perception for performing ser-
: . A 3.63.798
vices only in areas of engineer's competence.
16 294 11.19 .758
119 334 |1.24 .709
17 3.92 |.965 .698
18 4.04 |.955 .659
110 3.90 [1.02 579
Factor 3: Students' perception for the highest integri-
: S p - 4.16 |.674
ty in engineer's relationships.
115 3.97 |.980 .693
117 4.33 |.856 .666
114 3.86 | 1.00 .637
113 4.45|.779 .559
116 4.09 |.872 .553
118 4.25 |.808 .536
Factor 4: Students' perception for holding para-
mount the safety, health, and welfare of the public | 4.46 |.513
by engineers.
13 450 |.712 .626
14 4.58 |.681 .526
12 435 |.773 .549
15 4.43 | .804 .530
Eigenvalues 1'23
Cumulative % 5%4
Cronbach's alpha 0.852 0.792 | 0.853 0.732

KMO= 0.939, p=0.000

In the Table 3, the rotated factor loading matrix indicates that the 22 original items
loaded for the four alternative factors. Based on the general nature of the independent
variables loading each alternative common factor, they can be named as follows:
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— Factor 1 (abbreviation: F1) was an alternative variable of a group of independent
variables, including 120, 121, 123, 124, 125, 126 and 127, which can be called "Stu-
dents' perception for engineers' honesty and acting as truthful trustees".

— Factor 2 (abbreviation: F2) was an alternative variable of a group of independent
variables, including 16, 17, 18, 110 and 119, which can be called "Students' percep-
tion for performing services only in areas of engineer's competence™.

— Factor 3 (abbreviation: F3) was an alternative variable of a group of independent
variables, including 113, 114, 115, 116, 117 and 118, which can be called "Students'
perception for the highest integrity in engineer's relationships".

— Factor 4 (abbreviation: F4) was an alternative variable of a group of independent
variables, including 12, 13, 14 and 15, which can be called "Students' perception for
holding paramount the safety, health, and welfare of the public by engineers".

Internal reliability analysis for each group of independent variables loading the al-
ternative variable indicating that Cronbach alpha values were greater than '0.7". This
means that the internal reliability of the scales for F1, F2, F3 and F4 is acceptable.

4.3  Correlation analysis

A Pearson correlation analysis was conducted to detect the correlation (positive /
negative) between pairs of independent and dependent variables, which should be
done before regression analysis (Table 4). The problem of multicollinearity can be
detected when the independent variables are strongly correlated.

Table 4. Matrix of correlation analysis

Gender St}‘/‘e‘ier”t GPA|VBD |SOT | FL | F2 | F3 | F4

R 1 .021 |.128™| .074 | .096" |.114™ | .008 | .087" | .073
Gender

P 592 | .001 | .058 | .014 | .003 | .833 | .026 .063

R 1 .032 | -.040 | -.003 | -.056 |-.086" | -.054 | -.058
Student year

p 407 | .310 | 937 | .153 | .028 | .197 .136
GPA R 1 .011 | .003 | -.022 | -.003 | -.017 | .094"

p 71 | 939 | 582 | 939 | .664 .017
V0|untary blood R 1 1017 | .015 -.048 .006 .001
donation (VBD) p .010 | 697 | .222 | .878 | .976
Students' opinions  |R 1 .080" |-.132™| -.009 | .110™
on technology
F1 R 1 486™ | .699™ | .589™

p .000 | .000 | .000

R 1 .613™ | .470™
F2

p .000 | .000

R 1 596"
F3

p .000
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R 1

p
" p-value at the 0.01 level (2-tailed); " p-value at the 0.05 level (2-tailed).

In Table 4, a case where the p-value was greater than 0.05 indicating that the
voluntary blood donation factor was not correlated with the ethical perception of
engineering students. In other cases, p-values were less than 0.05 indicating that:
gender factor was positively correlated with F1 (R = 0.114) and F3 (R = 0.087);
student year was negatively correlated with F2 (R = -0.086); GPA factor positively
correlated with F4 (R = 0.094); students' opinions on technology was positively
correlated with F1 (R = 0.080) and F4 (R = 0.110), and negatively correlated with F2
(R =-0.132). Finally, the low correlation between the independent variables indicates
that the problem of multicollinearity was rejected in the following regression analysis.

F4

4.4  Regression analysis

The linear regression analyses were conducted to examine the effects of students'
characteristics on the ethical perception of engineering students. The results of
regression analyses were shown in Table 5.

Table 5. Linear regression results

Dependent Independent 2 . 2 Beta (95%
Variable Variable R Adjusted R P Confidence Interval)
F1 Gender .013 .012 .003 .114 (.048 to .245)
F1 Students' opinions on | ¢ 005 | .041 080 (.006 o .275)
technology
F2 Student year .007 .006 .028 -.086 (-.234 to -.014)
Students' opinions on
F2 technology 017 016 .001 -.132 (-.498 to -.133)
F3 Gender .008 .006 .026 .087 (.016 to .242)
F4 GPA .009 .007 .017 .094 (.011 to .109)
F4 Students' opinions on |-, 011 | .005 110 (052 to .287)
technology

In all cases, the p-values were less than 0.5 and the adjusted R2 values were
positive indicating the significant relationships between pairs of the independent and
dependent variables. Based on the value of Beta, key findings are drawn, including:

— The gender factor has a positive impact on the students' perception for honesty and
the truthful trustee of engineers (B = 0.114, 95%CI = 0.048 to 0.245). In other
words, the female students were significantly associated with the high scores of
students' perception for the engineers' honesty. Similarly, students who argue that
engineers must first identify social needs and then create new technologies to ad-
dress them, they have a positive perception on the honesty and truthful trustee of
engineers (B = 0.08, 95%CI = 0.006 to 0.275). In other words, the students' attitude
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towards social responsibility of engineers were significantly associated with the
high scores of students' perception for engineers' honesty.

— The factor of student year has a negative impact on the students' perception (at
least true for Vietnamese students) for performing services only in the areas of
engineer's competence (B = -0.086, 95%CI = -0.234 to -0.014). In other words, the
senior students were significantly associated with low scores of students'
perception for performing services only in the areas of engineer's competence.
Similarly, students who argue that engineers must first identify social needs and
then create new technologies to address them, they have a negative perception on
performing services only in the areas of engineer's competence (B =-0.132, 95%Cl
=-0.498 to -0.133).

— The gender factor has a positive impact on the students' perception for the highest
integrity in engineer's relationships (B = 0.087, 95%CI = 0.016 to 0.242). In other
words, the female students were significantly associated with the high scores of
students' perception for the engineers' integrity.

— The GPA factor has a positive impact on the students' perception for holding
paramount the safety, health, and welfare of the public by engineers (B = 0.094,
95%CI = 0.011 to 0.109). In other words, high GPA scores were significantly
associated with the high scores of students' perception for holding paramount the
public safety by engineers. Similarly, students who argue that engineers must first
identify social needs and then create new technologies to address them, they have a
positive perception on holding paramount the public safety by engineers (B =
0.110, 95%CI = 0.052 to 0.287). In other words, the students' attitude towards
social responsibility of engineers were significantly associated with the high scores
of students' perception for holding paramount the public safety by engineers.

5 Discussion and conclusion

5.1 Research question 1: Engineering students who have never participated in
the ethics curriculum, how do they perceive the codes of ethics?

From the 27 original ethical behaviors designed by researchers based on the 'NSPE
Code of Ethics for Engineers', when analyzing internal reliability and EFA, 22 factors
are retained. All 22 variables loading four alternative common factors and those
alternative variables reflect the common characteristics of each group of independent
variables. Four alternative factors were named, and their mean score was calculated
by the average of the independent variables in each group, namely: "engineers'
honesty and acting as truthful trustees" (mean = 4.33, SD = 0.586), "performing
services only in areas of engineer's competence" (mean = 3.63, SD = 0.798), "the
highest integrity in engineer's relationships" (mean = 4.16, SD = 0.674), and "holding
paramount the safety, health, and welfare of the public by engineers" (mean = 4.46,
SD = 0.513). It can be seen that these new alternative factors show a high consensus
with the six fundamental canons of engineering ethics by NSPE 2019 [20]. The mean
values of new alternative factors were greater than 3.45 in all cases indicating that
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students who have never been in the ethics courses, they have a positive perception of
engineering ethics. In other words, the students who have never participated in the
engineering ethical curriculum, have a positive perception of specific ethical codes
that apply to engineers. But two independent variables, namely "I6. Undertake
assignments beyond education and experience in the technical field" (mean = 2.94),
and "119. Not keep up to date with the latest developments in area of the engineer
himself" (mean = 3.34), which were assigned to "Somewhat unethical” by the
students (mean <3.45). This was in contrast to the results of Stappenbelt when they
said that these are the most unethical behaviors among Australian students [28]. A
question for further research may be ask why there is a difference in ethical
perception between Australian and Vietnamese students for those ethical behaviors?

5.2  Research question 2: Gender, student year, volunteering activity, GPA,
opinions on technology of students, among them, what are the factors that
influence the ethical perception of engineering students?

The results of correlation analysis between pairs of the independent and dependent
variables have provided some interesting findings. The high GPA scores were
significantly associated with the students' perception for holding paramount the public
safety by engineers. This was in contrast to the results of Sikula et al. when they said
that there are no significant relationships between high or low GPA and scores on
ethical value rankings [27]. Voluntary student activities (typically in Vietnam such as
voluntary blood donation) were not correlated with the ethical perception of the
engineering students, which has not been explained in previous studies.

In the results of linear regression analysis, gender was a factor affecting the
students' perception for the engineers' honesty, and the engineers' integrity. This
consensus and explains more clearly the qualitative results of Stappenbelt, who said
that the female engineering students responded more strongly to ethical perception
than male students [28]. The students' attitude towards social responsibility of
engineers are significantly associated with students' perception for engineers' honesty,
and holding paramount the public safety by engineers. In the Table 2, 87.3% of the
Vietnamese students said that engineers must first identify social needs and then
create new technologies to address them. The senior students and students with an
attitude towards social responsibility of engineers are significantly associated with
low scores of students' perception for performing services only in the areas of
engineer's competence. This partly implies that the Vietnamese students have not
really viewed performing services only in the area of the engineers' competence as a
code of ethics for engineers (mean = 3.63). More studies are needed to answer the
why? And if engineering ethics courses are taken, how will it affect the ethical
perception of Vietnamese students?
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6 Implications for education

The results in Table 3 show that students who have never participated in the ethics
curriculum, have a positive perception for the codes of engineering ethics. This sug-
gests the first implication for education, while the code of ethics is a necessary topic
in the ethics curriculum, instructors may not need to teach by explaining the codes in
detail to their students. Instead, students should be given the opportunity to demon-
strate their understanding of the ethical code and spend time applying it to complex
ethical situations. The results in Table 5 show that student year and students' attitude
towards social responsibility of engineers are factors that have a negative influence on
students' perception for performing services only in the areas of engineer's compe-
tence. This suggests the second implication for education that Vietnamese students
should be more educated to understand the importance of performing services only in
the areas of engineer's competence, and this work should be done more for senior
students.

7 Limitations

The data of this study only reflect the views of Vietnamese students who have
never participated in the ethics curriculum. Therefore, the topic of this paper should
be further explained in more countries in a future study. In addition, a convenience
sampling technique was used which is also a limitation of the data. It should be
further tested by a method of probability sampling.
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11  Appendix 1 - EFA of the original 26 items

Table 6. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .949
Approx. Chi-Square 7574.103

Bartlett's Test of Sphericity df 325

Sig. .000
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Table 7. Rotated component matrixa

Items

Component

126

719

125

.698

123

.692

124

627

127

.603

.603

.540

.753

729

.665

.625

.569

.674

.665

.617

.582

.560

.532

.502

.649

.587

.557

111

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 8 iterations.
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