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Abstract  
This paper presents a learning module that integrates ethics into the engineering design process. This 
module is taught in the Engineering Capstone Design Courses in the University of Puerto Rico at 
Mayaguez. The proposed method seeks to uncover early enough possible ethical problems in the 
design process. This, coupled with creativity and early corrections, provides an alternative to the mere 
applications of a harm reduction protocol after the facts. The module integrates engineers’ creativity, 
preventive ethics, environmental ethics, theoretical ethics and professional codes of ethics with the 
initiation of students in the practice of ethical deliberation. Finally, the paper presents results of an 
assessment performed to validate the module.  

Keywords: engineering ethics, engineering design, ethical deliberation, code of ethics, preventive 
ethics, engineering profession, engineering education. 

1 INTRODUCTION 
Currently there is an ongoing effort to bring ethical, social and environmental issues into the whole 
spectrum of engineering practice. Many engineering codes of ethics clearly state that the engineering 
profession must take seriously into consideration aspects such as safety, environmental protection, 
health and the welfare of the public. However, there is not enough systematic reflection about the 
integration of ethics into engineering design [1]. Engineering design is one of the most fundamental 
activities in engineering practice. It is an endeavor that directly connects scientific knowledge and 
technological development with major personal, social, economic and environmental implications. 
Therefore, engineering students need to be initiated to the integration of ethics in engineering design 
and the necessary deliberation activity required by that endeavor. 

This paper presents a module that introduces students to a method that integrates ethics into the 
engineering design process. This module is taught at Electrical and Computer Engineering Capstone 
Design Courses in the University of Puerto Rico at Mayaguez. The presented method seeks to 
uncover early enough possible ethical problems in the design process. This, coupled with creativity 
and early corrections, provides better options than the mere applications of a harm reduction protocol 
after the facts. The module integrates engineers’ creativity, preventive ethics, environmental ethics, 
theoretical ethics and professional codes of ethics with the initiation of students in the practice of an 
ethical deliberation process. This module is part of an Ethics Across the Curriculum in the ECE 
Department that aims to empower undergraduate students to integrate ethics into their professional 
careers.  

This module is part of an Ethics Across the Curriculum in the ECE Department that aims to empower 
undergraduate students to integrate ethics into their professional careers. The Ethics Across the 
Curriculum (EAC) strategy integrates ethics exercises and modules developed by engineering faculty 
into their engineering courses.  This helps students to understand that ethics is essential to the 
engineering practice. 

2 METHODOLOGY OF THE ETHICS MODULE FOR ENGINEERING DESIGN 
The learning module consist of four parts. Here is the module outline and brief description. 

2.1 First Part: Foundations 
In this part, we discuss the following topics: (a) Why teach ethics in a design course? (b) The 
differences between Ethics, Morality and Law. (c) Ethical relativism versus moral absolutism. 
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This first part demonstrates the relevance of ethics in engineering. We distinguish ethics from law and 
morality. Then a subsection is dedicated to a discussion of ethical relativism, absolutism and 
subjectivism. Making these basic distinctions at the outset of the module facilitates advancing to other 
more sophisticated matters related to ethics in engineering design. 

2.2 Second Part: Professional Integrity 
In this part of the presentation, module leaders formulate Professional Integrity as a fundamental 
condition that makes the engineering profession possible. Once Professional Integrity is framed as a 
value, it is then contrasted with three issues that undermine its realization: Fabrication, Falsification 
and Plagiarism. Concrete examples are provided about fabrication, falsification and plagiarism that 
undermine the engineering profession.  

2.3 Third Part: Engineering Design Process and Ethics 
This section is the heart of the module. It discusses the engineering design process, its steps and the 
ethical issues that could emerge in each moment. Due to its extension and relevance we discuss it in 
the following section. 

3 ENGINEERING DESIGN PROCESS 
Engineering design has been defined as “a thoughtful process for generating plans or schemes for 
devices, systems, or processes that attain given objectives while adhering to specified constrains” [2]. 
According to most of the descriptions of the design process, it consists of multiple steps. In order to 
better explain how ethics is integrated to the design process we present the design process as 
consisting in three steps: (1) problem formulation, (2) invention of a real solution and (3) 
manufacturing or construction. We integrate in the design process the manufacture or construction to 
include ethical issues such as safety protocols, environmental protection, quality control. Let us 
discuss each step with more details. 

3.1 First Step: Problem Formulation and Initial Solution 
In this step, engineers analyse and formulate the problem and conceive possible initial solutions. Here 
designers frame and articulate the client’s goals and requirements. Moreover, the engineer should 
conceive possible project’s limitations [3]. In addition, at this step, engineers must gather information 
about the location, use and limits (legal, cultural, etc.) where the artefact, process, algorithm, system 
or facility will operate. 

3.2 Second Step: Invention of a Real Solution 
In this step, the designer starts to develop a real solution that could be represented in a blueprint, a 
prototype, an initial version of a software, a detailed description of the process. Essential part of this 
moment is the list of technical specifications. In addition, there are other specifications of the design 
process that are not purely technical such as:  safety, limit of economic expenses, duration of the 
process, safety, sustainability and public welfare. These are economic, legal and ethical specifications. 
Engineers must be creative by developing multiple possible solutions in order to choose the optimal 
regarding all specifications. However, the designer confronts the reality that not all specifications can 
be optimized. There is a choice that must be made between specifications. These decisions could 
have technical and moral consequences. 

Our second step includes aspects of conceptual design in Dym et al. and Devon et al.: estimated 
costs, dimensions, weights, functionality, etc. [4], [5]. We have also integrated in this step the 
preliminary design or embodiment design in Dym et al. and Devon et al.: engineers could establish 
design subsystems. In addition, we have also integrated the detailed design in Dym et al. Engineers 
specify in detail the measurements and norms found in design codes established in handbooks [6].  

The new product in the form of a blue print or prototype must be tested to ensure that its quality 
passes at least the constrains and limits required and established in dialogue with the stakeholders. 
The concrete solution, after passing the quality control stage, is ready for the manufacturing step. 
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3.3 Third Step: Manufacturing or Construction 
How this step manufactures or constructs the product following specifications depend on the design 
object. There are particular features in the massive production of an electronic device, cars or 
medicine, different from the peculiarities of the fabrication of a complex transportation system. Among 
the goals of this step are the users’ security, the product’s quality, security of employees and the 
environmental protection. All of these require sampling, measurements, validations, etc., that 
increases costs and slow the productions schedule.  

We integrate the manufacture or construction in the design process to express explicitly that a 
fabrication could require a modification of the concrete solution developed in the second step in order 
to accomplish the objective of mass production, manufacturing speed, security or the environmental 
protection.  

4 ETHICS IN THE DESIGN PROCESS 
This section explains how the capstone module integrates ethics in the engineering design process. 
Our module is situated more into a preventive ethics that seeks to “anticipate possible consequences 
of actions” [7]. Preventive ethics is an effort to prevent harming the public or the environment. 
However, our module work also has some aspects of an aspirational ethics that seeks to promote 
responsibly human well-being [8].  

Each step of the design process has its particular ethical issues. The module starts clarifying to the 
students that there is a moment previous to the design process. That moment is not technical but 
grounded on the engineer’s value system: an engineer chooses a need or a problem among other 
possibilities based on a value. That value could be aesthetic, economic, political, social, moral, 
intellectual, etc. A design project starts because there is a value or set of values that are shared by the 
engineer and the client. 

4.1 Ethical Issues in the First Step: Problem Formulation and Initial Solution 
Ethical problems emerge in the problem formulation step related to the stakeholders. Engineers must 
identify the stakeholders directly interested in the design project. There are also those that directly or 
potentially could be negatively affected by the design, e.g., neighbors, colleagues and the public 
welfare [9].  

Designers elaborate creatively different possible solutions that variate in terms of their advantages and 
disadvantages for the stakeholders and affected. Engineers must analyze all possible solutions to 
uncover possible conflicts among stakeholders. The module proposes students to ask themselves the 
following set of questions to help them see the ethical issues and potential moral problems that could 
emerge in this initial step.  

• Are there conflicts between what the client requires, what the people affected opposes and 
possible social and environmental consequences?  

• In case of conflicts, what are the priorities according to the engineers’ value systems, the 
engineering code of ethics and the law? Moreover, in the ethical deliberation section, to be 
explained below, these priorities are seen from the perspectives of different ethical theories.  

• Could engineers generate other technical and ethical solutions? This helps students to see why 
they should not be fixed with one solution and to elaborate multiple possible solutions. 

• How to evaluate conflicts from an ethical perspective? This is to be explained in the ethical 
deliberation section. 

4.2 Ethical Issues in Second Step: Invention of a real solution 
The ethical issues that emerge in this step are related to conflict among technical, ethical and social 
specifications, e.g., product’s safety versus cost, product’s performance versus energy consumption, 
etc. The objective of preventive ethics is to help engineers to discover in advance possible ethical 
problems and consequences in order to facilitate the generation of technical and ethical solutions. 

As in the first step, the module emphasizes the need to maintain multiple possible solutions. The 
alternatives that do not meet the technical requirements and ethical values or constrains must be 
discarded or redesign. If there are conflicts that cannot be reconciled, engineers must generate new 
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alternatives and evaluate them from the technical and ethical perspectives. However, at this stage a 
final solution should be taken through an ethical consideration. 

4.3 Ethical issues in Third Step: Manufacturing or Construction 
Most of the literature of engineering ethics related to manufacturing is about safety and quality control. 
Ethical conflicts emerge when safety and quality control are proportional to increments in cost and 
production time. The module again shows the need to make technical analysis and evaluations 
coupled with ethical choices. For that reason, the module presents a whole section on ethical 
evaluations. 

5 ETHICAL DELIBERATION PROCESS 
Today, only a few engineers judge that engineering design task is morally neutral [10]. However, even 
when many engineering students consider that technology is not morally neutral, there is a need to 
train them in ethical awareness and analysis to uncover ethical problems and to anticipate possible 
consequences of their design. Moreover, engineers need to be educated in the art of ethical 
deliberation that seeks to make sagacious decisions when confronted with multiple possibilities in the 
design process and conflicts of specifications. Deliberation is an activity and virtue that articulates 
ethical principles, accumulated experience, knowledge of reality and creativity [11]. That is the 
objective of this section of the module. 

The module initiates students in the ethical deliberation process through the knowledge of engineering 
codes of ethics, an introduction to ethical theories and their applications to design cases. In terms of 
ethical theories, we present a brief discussion of utilitarianism, deontology and virtue ethics combined 
with practicing exercises to develop ethical awareness and reasoning. The brief discussion of each 
theory includes the theory’s principle and a test or question that facilitates students to apply the ethical 
principle to the design framework. The following summarizes the brief introduction to the three major 
ethical theories. 

5.1 Utilitarianism 
Inspired in Stuart Mill’s Harm Principle (“avoid a harmful action”) [12], Cruz and Frey proposed the 
Harm Test [13], which is formulated in terms of these questions: “Is there a harm?” “Is the cure worse 
than the disease?” “Does it do less harm than the alternatives?” [14]. 

5.2 Deontology 
Based on the principle of the Golden Rule (“do not to others that you do not want done to yourself”), 
Cruz and Frey proposed a Reversibility Test that consists of the following question [15]: “Would I think 
this is a good choice if I were among those affected by it?” 

5.3 Virtue Ethics 
For virtue ethics, the relevant element is the human action that achieve human and social wellbeing 
through excellence [16]. These human actions are virtues. The module proves for a discussion about 
the meaning of professional well-being and its relationship with personal and public responsibility. 
Following the relationship between virtues and public welfare, the Publicity Test partially encapsulates 
virtue ethics with the following question: “Would I defend and sustain my decision in a public scene in 
front of people interested or affected by my decision?”  

5.4 Engineering Code of Ethics 
An introduction to Engineering Code of Ethics is provided to the students. For most of them, this is the 
first time they have been exposed to this subject due to the fact that the course of Engineering Ethics 
offered in Humanities is not obligatory. The engineering code discussed is the Code of Ethics of PR’s 
professional society of engineers and land surveyors: “Colegio de Ingenieros y Agrimensores de 
Puerto Rico” (CIAPR) [17]. Special emphasis is given to the first canon: “Velar por sobre toda otra 
consideración por la seguridad, el ambiente, la salud y el bienestar de la comunidad…” (“Hold 
paramount the safety, the environment, the health, and the welfare of the public”). This canon enables 
students to be aware and to understand that they never can neglect safety, environmental protection, 
health and welfare of the public when facing a conflict of specifications and ethical problems. 

9479



These three tests and the CIAPR Code of Ethics are used in the analysis of cases to introduce the 
students in the ethical reasoning and decision process. 

6 ASSESSMENT PROCESS AND RESULTS 
This module was introduced in capstone design courses at the Electrical and Computer Engineering 
Department at the University of Puerto Rico, Mayagüez Campus (UPRM). These module taken by 
computer engineering and electrical engineering students take two hours. 

6.1 Capstone Courses 

Capstone design courses at the ECE Department have in common a major design experience that 
includes specifications that incorporate engineering standards and realistic constrains, evaluations, 
selection of alternatives, implementation and a written report. 

6.2 Assessment 
The 2-hour module was evaluated using an assessment instrument. The instrument consists of a pre-
test and a post-test that are identical. They start with three questions whose responses are one in two 
possibilities: “yes or “no”. They are the following:  

1 “Is ethics about feelings that tell me what is good and what is wrong?” “Yes” or “no”. This 
question was inspired in the answers provided to sociologist Raymond Baumhart when he 
asked business people, "What does ethics mean to you?" [18]. 

2 “An ethical conduct refers to what the law requires?” “Yes” or “no”. This also inspired by the 
answers provided to Baumhart.  

3 “Do you believe you will encounter in your future work situations where you will have to take into 
account ethical considerations?” “Yes” or “no”. 

The fourth question is a multiple choice: 

4 How frequently do you believe you will confront ethical problems in your work? 
a) Very frequent (at least once per week). 

b) Frequently (at least once per month and no more than 3 times per month). 

c) Almost never (at least once per year but no more than 6 times per year). 

d) Never. 

The fifth question requires an open answer: 

5 “Some people think that it is not necessary to teach ethics in an engineering design course. 
What do you think?” 

Finally, the sixth question is a combination of a multiple choice and a possible open answer: 

6 “When does ethics takes part in engineering design?” 

a) Ethics only intervenes with the user who is the only responsible with the use of a design. 

b) Ethics takes part at the end of the design where consequences can be evaluated. 

c) Other: __________________________________________.  

The third possible answer “c. Other” enables the student to add another possibility and to elaborate it. 

The pre-test and the post-test allow us to measure what changes the ethics module produces in the 
students. They were used during the Spring Semester 2015. 

6.3 Results and Comments 

The following tables present the results of the pre-test and post-test. Let us start with the computer 
engineering students’ results. For the pre-test, there were forty engineering students and for the post-
test there were thirty-eight. 
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Table 1.   Computer engineering students: first three questions 

 

First three questions: percentage of “YES” 

 PRE-TEST POST-TEST 

1. Is ethics about feelings that tell me what is 
good and what is wrong? 43.59% 36.84% 

2. An ethical conducts refers to what the law 
requires? 17.50% 13.16% 

3. Do you believe that you will encounter in your 
future work situations where you will have to 
take into account ethical considerations? 

100.00% 100.00% 

Comments on the results: 

Table I presents the pre-test and post-test results, in terms of percentage of answers equal to “yes”, 
given by the computer engineering students for the first three questions. It is interesting to note that 
before the module almost half of the students thought that ethics was related to personal feelings. 
Although the module does not have any discussion about the relation between feelings and ethics, or 
lack of it, the post-test presents a diminution of students who sees a direct relation. In terms of the 
relation between ethics and law there is also a diminution. This is expected because the module 
presents the distinction between ethics and law.  Finally, 100% of the students thinks before and after 
the module that they will encounter situations at work where they will have to take into account ethical 
considerations. 

Table 2.  Computer engineering students: fourth question 

TEST 
Fourth Question: How frequently do you believe you will confront 
ethical problem in your work? 

Very Frequently Frequently Almost Never Never 

PRE-TEST 47.50% 47.50% 5.00% 0.00% 

POST-TEST 71.05% 26.32% 0.00% 0.00% 

Comments on the results: 
Table II presents the pre-test and post-test results given by the computer engineering students for the fourth 
question. It also shows that the module has an impact. The percentage of students that choose “very 
frequently” increases. Meanwhile decreases for the rest of possible choices. Probably, this happens 
because the module provides examples of concrete ethical problems faced by engineers that make 
students to be more aware. 

Table 3.  Computer engineering students: fifth question 

TEST 

Fifth Question: Some people think that it is not necessary to teach ethics in 
an engineering design course. What do you think? 

It is not 
necessary 

It is 
necessary 

It is definitely (crucial or 
extremely) necessary 

An ethics course 
should be required 

PRE-TEST 0.00% 78.95% 15.79% 5.26% 

POST-TEST 2.94% 44.12% 38.24% 14.71% 

Comments on the results: 

Table III presents computer engineering students results for the fifth question. Although the question 
requires an open answer, they could be classified between four possibilities: “It is not necessary”, “It is 
necessary”, “It is definitely (crucial or extremely) necessary” and the fourth group of answers 
represents students’ suggestion that an ethics course should be required before the capstone design 
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experience, or ought to be part of the computer engineering curriculum or that extra ethics modules 
should be provided before the capstone course.  Post-test results show that the percentage of 
students that consider the teaching of ethics in the capstone as “necessary” was reduced dramatically 
(around 34%) because it increases for “definitely necessary” and for the affirmation that should be 
required as a course or extra modules. 

Table 4.  Computer engineering students: sixth question 

TEST 

Sixth Question: When does ethics takes part in engineering? 

Only with 
the user 
or client 

At the end of 
the design 

process 

With the user 
and at the end 
of the design 

At all 
design 
steps 

From the choice of 
project until the 
end of design 

PRE-TEST 15.38% 5.13% 2.56% 76.92% 0.00% 

POST-TEST 2.78% 0.00% 11.11% 50.00% 36.11% 

Comments on the results: 

Table IV presents computer engineering students results for the sixth question. The first two possible 
answers were given as multiple choice. A third possible answer was provided as a blank (“other”). 
From the answers given as “other” we found three patterns: (i) “ethics takes part with the user and at 
the end of the design” (a union of the first two possibilities), (ii) “at all steps of the design process” and 
(iii) “from the choice of project until the end of the design”. The last one is more general than the 
previous one because it includes the idea that even the choice of a project is not just a technical 
option but also an ethical one based on values.  The greatest impact is seen in a diminution of the 
choice “only with the user and the client” and “at the end of the design”. It is possible that, after the 
module was provided, some of them understand that the relation between ethics and design is more 
complex than the first two options. However, the fourth possibility “at all design steps” was reduced 
significantly meanwhile the last one “from the choice of project until the end of the design” was 
dramatically increased. These results show that the module changes significantly how the students 
envision the relevance of ethics to engineering design and practice.  

Now, we will present the results for the Electrical Engineering Students in the capstone design course. 

Table 5.  Electrical engineering students: first three questions 

First three questions: percentage of “YES” 

 PRE-TEST POST-TEST 

1. Is ethics about feelings that tell me what is good and what is wrong? 26.00% 24.44% 

2. An ethical conducts refers to what the law requires? 46.00% 15.56% 

3. Do you believe that you will encounter in your future work situations 
where you will have to take into account ethical considerations? 100.00% 100.00% 

Comments on the results: 
Table V presents results given by the electrical engineering students for the first three questions. For 
the pre-test, there were fifty electrical engineering students and for the post-test there were forty-five. 
In terms of the first question, there is almost no change, around one quarter of the students think that 
ethics is related to feelings. However, in both cases the percentage of students that thinks there is a 
direct connection between feelings and ethics is lower that with the computer engineering students. In 
terms of the relation between ethics and law there is a diminution in the post-test. This is expected 
because the module presents the distinction between ethics and law.  Finally, 100% of the students 
think before and after the module that they will encounter situations at work where they will have to 
take into account ethical considerations. 
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Table 6.  Electrical engineering students: fourth question 

TEST 
Fourth Question: How frequently do you believe you will 

confront ethical dilemmas in your work? 

Very frequently Frequently Almost Never Never 

PRE-TEST 50.00% 36.00% 14.00% 0.00% 

POST-TEST 84.44% 11.11% 4.44% 0.00% 

Comments on the results: 
Table VI presents the electrical engineering results for the fourth question. Similarly, to computer 
engineering students, the amount of electrical engineering students that believe they will encounter an 
ethical problem at work increases a lot for “Very frequently” and decreases for the rest.  

Table 7.  Electrical engineering students: fifth question 

TEST 

Fifth Question: Some people think that it is not necessary to teach ethics 
in an engineering design course. What do you think? 

It is not 
necessary 

It is 
necessary 

It is definitely (crucial or 
extremely) necessary 

An ethics course 
should be required 

PRE-TEST 4.08% 75.51% 12.24% 8.16% 

POST-TEST 4.44% 53.33% 35.56% 6.67% 

Comments on the results: 
Table VII presents the electrical engineering students results for the fifth question. The open answers 
could be classified in one of the four possibilities described in the section of computer engineering 
results. Post-test results show that the percentage of students that consider the teaching of ethics in 
the capstone as “necessary” was reduced because it increases for “definitely necessary”. We consider 
statistically insignificant the reduction for the affirmation that ethics should be required as a course or 
extra modules should be provided in the curriculum. 

Table 8.  Electrical engineering students: sixth question 

Table Head 

Sixth Question: When does ethics takes part in engineering? 

Only with 
the user 
or client 

At the end of 
the design 

process 

With the user 
and at the end 
of the design 

At all 
design 
steps 

From the choice of 
a project until the 

end of design 

PRE-TEST 11.76% 7.84% 5.88% 58.82% 15.69% 

POST-TEST 4.44% 0.00% 6.67% 60.00% 28.89% 

Comments on the results: 

Table VIII presents the electrical engineering students results for the sixth question. Again, we found 
three patterns in the open answer: “ethics takes part with the user and at the end of the design” (a 
union of the first two possibilities), “at all steps of the design process” and “from the choice of project 
until the end of the design”. The greatest impact is seen in an augmentation of the last one “from the 
choice of project until the end of the design”. Similarly, to the computer engineering results, we see 
that the module changes significantly how the electrical engineering students envision the relevance of 
ethics to engineering design and practice. 

7 CONCLUSIONS 
The paper presents a learning module developed at UPRM by ECE Faculty to integrate ethics into the 
engineering design process. The module was tested with electrical and computer engineering 
students in separated presentations. This module is part of a pilot program for the establishment of 
EAC strategies within the ECE program at UPRM. Students from both programs react favorable to this 
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module that was provided on an engineering capstone design courses by engineering professors. 
Through a pre-test and a post-test, we confirm a considerable level of impact in the students. Taking 
into consideration the results we are planning to add a section on the relation between feelings, ethics 
and values.   
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