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Incorporating the module Engineering for Sustainable Development (ESD) in 

the First Year Engineering Program 

 
 

Abstract 

 

In this paper, the authors present the process followed for the design, preparations, and a suggested 

implementation and assessment of the module “Engineering for sustainable development” (ESD), 

which was developed for a first year engineering course at a large University in the Southwest.  

Conventionally, first year engineering (FYE) program curricula focuses in preparing students for 

the more advanced engineering courses, and introduces them to a broad engineering practice 

building up student competencies. The FYE program module Engineering for Sustainable 

Development (ESD) is aimed to address the societal demands for a more sustainable engineering 

practice by introducing and integrating these principles into the early years of the engineering 

curricula. It involves introducing the learners to sustainable circular designs as core promoters of 

a circular economy. A five-semester fold assessment administered  to incoming freshman students 

showed that they know very little to nothing about the fundaments of sustainable development. 

The students were introduced to the principles of sustainable development in this module, and a 

post module assessment was administered to gauge student learning.  The pre and post module 

assessments were analyzed to develop the learning objectives based on the questionnaire results. 

The paper concludes with an assessment of the effectiveness and student engagement. This 

innovative design thinking will create a new mentality in FYE engineering students. 

 

Introduction 

  

With the prerogative that the world is becoming unsustainable because of the technology in use. 

Engineering education in sustainable development is a topic being into context for the last few 

decades. Because of this interest, now, the most representative engineering associations in the 

world [1], [2], [3].[4], concur to the suggestion that engineering education for sustainable 

development needs to be incorporated into the general engineering curricula since the early years 

[5]. Since it is estimated that takes about 20 years before an engineering course is fully 

incorporated in the engineering curricula [6], it is becoming imperative to initiate as soon as 

possible the process of creating sustainable development awareness inspiring new mentalities in 

the new generations of engineering graduates. Economies in the world are moving towards 

circularity. This process will demand for effective circular engineering designs in support of the 

increasing societal expectations for more sustainable technology developments. Therefore, 

engineering education should adjust towards the societal demands and equip engineering graduates 

with the skills that enable them for a more sustainable practice [3]. 

 

Methodology 

 

In order to assess student knowledge and interest in sustainable development with an engineering 

optic, the authors have developed a knowledge instrument to measure in incoming first year 

engineering students, their literacy in sustainable development. The questionnaire represents 

fundaments, from the authors’ point of view, what is minimally required to further advance to 

complex sustainable engineering applications [7], [8], [9]. The objective of the assessment is to 



identify in a comprehensive fashion the specifics of lack of knowledge in students in a way that 

the learning objectives of the module are defined. The following table depicts details of the 

questionnaire. 

 
Give the formal definition of sustainable 

development. 

Explain how the three integral dimensions of 

sustainable development can operate in 
balance. 

Define the Net Present Value of and 

engineering project. 

Where and when the topic of sustainable 

development began being into context? 
Why engineering for sustainable 

development is a multidisciplinary area. 

Explain how the engineer in charge of an 

urban development project can incorporate in 

the project design process severe weather 
disaster prevention measures. 

Why are engineering educators observing 

significant shifts in societal expectations of 

engineering? 

Give a formal definition of Design thinking. 

  
What are the five (5) steps of design thinking? 
  

Define the life cycle of and engineering 

product. 

Name the three fundamental dimensions of 
sustainable development. 

What is the 6th factor in the sustainable 
analysis of design thinking? 

Define sustainable return on investment (S-
ROI) for an engineering project. 

Why systems thinking is a powerful tool to 

incorporate multidisciplinary analysis with 

complex interactions? 

Explain how sustainable development can be 

embedded into design thinking. 

Define Circular economy 

Table 1. Details of the 16 questions assessed to freshman incoming students during a five-semester fold 

time period 

 

Developing and teaching the module 

 

The module was developed following the ADDIE model [10] with the analysis phases driving 

content and interaction development that was used in class.  Analysis of the subject area was 

carried out before creating a list of topics that were useful for providing reasonable coverage of 

the subject. Given that, this was a module (two classes period), key elements of sustainable 

development were identified to develop the module content [11], [12], [13], [14]. At the beginning 

of the first lecture, a 5 minutes reading assessment test (RAT) is followed by an interactive power 

point explanation of concepts. To ensure student engagement, the module concluded with in-class-

activity in which a real life student-interest-oriented problem was analyzed and solved.  Following 

the delivery of the module, a post assessment was administered to assess student learning, and to 

gauge student interest in the field.   

                                                                                                                                                                                                                                                                                                                                                                                                  
Assessing student knowledge and interest. 

 

In a five-semester fold time period, the authors performed a study to a total of 816 first year 

engineering students in a large university of the Southwest (IRB ID: IRB2018-1594). In the study, 

after a pre-lecture assessment was given, it was consistently found that incoming engineering 

students completely lack of literacy about sustainable development. Then, a post lecture 

assessment made quite remarkable however, the student interest in the topic noted by personal 

interactions followed after the questionnaire.  

Based on the outcomes of the questionnaire, the authors tailored a detailed short lecture that was 

taught and the same questionnaire given to the group of students under the evaluation [15]. 

Students showed acceptable levels of retention of the material and developed awareness and 

increasing interest. Figures 1, 2, 3 and 4 depict the notorious difference between the pre lecture 

and the post lecture assessments. 



 

 Figure 1. Assessment questionnaire given to 384 first year engineering students of ENGR 112 on spring 

semester of 2018 (IRB ID: IRB2018-1594). Lighter bars show correct responses before training (Pre-

assessment). Darker bars show correct responses after the 2 hours training.  The number of responses is 

averaged to a class of 96 students. 

 

Figure 2. Assessment questionnaire given to 36 first year engineering students of ENGR 112 on summer 

semester of 2018 (IRB ID: IRB2018-1594). Lighter bars show correct responses before training (Pre-

assessment). Darker bars show correct responses after the 2 hours training.   

 

0

10

20

30

40

50

60

70

80

1 2 3 4 5 6 7 8 9 10 11

# 
C

o
rr

e
ct

Question #

Comparing Correct Responses

Pre vs Post Lecture

Pre-assessment Post-lecture

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 10 11

# 
C

o
rr

e
ct

Question #

Comparing Correct Responses

Pre vs Post Lecture

Pre-assessment Post-lecture



 

Figure 3. Assessment questionnaire given to 362 first year engineering students of ENGR 112 on fall 

semester of 2018 (IRB ID: IRB2018-1594). Lighter bars show correct responses before training (Pre-

assessment). Darker bars show correct responses after the 2 hours training.  The number of responses is 

averaged to a class of 92 students. 

 

 

Figure 4. Assessment questionnaire given to 285 first year engineering students of ENGR 102 on fall 

semester of 2019 (IRB ID: IRB2018-1594). Lighter bars show correct responses before training (Pre-

assessment). Darker bars show correct responses after the 2 hours training.  The number of responses is 

averaged to a class of 95 students 

Discussion 

In this work, students consistently showed a lack of knowledge on the sustainable development 

principles chosen to measure students literacy in the four assessments performed as depicted in 
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Figures 1, 2, 3 and 4. Figures 3 and 4 depict 14 and 16 questions respectively after three and five 

more questions were added to the original questionnaire. Table 1 provides details of all 16 

questions assessed. The pre-lecture-assessment provided enough information for a carefully 

elaborated 2-hours lecture covering the critical concepts of sustainable development with a simple 

easy to understand terminology for freshman engineering students. The post-lecture-assessment 

delivered encouraging outcomes because it shows the effectiveness of the preparation of the 

module. Factually, The National Academy of Engineering formulated in 2004 its vision of the 

engineer of 2020 [3]. This report outlines a number of aspirational goals where it sees the 

engineering profession taking a more central normative role in society, including facilitating 

engineering design ”trough a solid grounding in the humanities, social sciences, and economics”. 

Rapidly embracing new fields of endeavor, “including those that require openness to 

interdisciplinary efforts with non-engineering disciplines such as science and social science and 

business”. In addition, taking a lead in the public domain by seeking to influence public policy 

positively. Critically, the report calls for engineers to be informed leaders in sustainable 

development. Moreover, it notes that this influence “should begin in our educational institutions, 

and be founded in the basic tenets of the engineering profession and its actions”. Importantly, The 

NAE, 2004 report suggests that engineering curricula be reconstituted “to prepare today’s 

engineers for the careers of the future, with due recognition of the rapid pace of change in the 

world and its intrinsic lack of predictability”. Although this recommendation has been in place 

since 2005, graduate engineers of 2020 are far from being informed leaders in sustainable 

development. Therefore; considering the identification of this need by the national academies; as 

well as the prerogative that the world is becoming unsustainable because of the technology in use; 

and considering that economies in the world are moving towards circularity; and the lack of 

sustainable development knowledge in students but the subsequent interest they showed when 

introduced to the subject. The authors propose to incorporate Engineering for Sustainable 

Development  (ESD) in the First Year Engineering program as early as possible as the process of 

creating sustainable development awareness and inspiring new mentalities in the new generations 

of engineering graduates.   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Future Work 

Given the level of student interest and the future need identified in professional organizations, 

particularly The National Academy of Engineering (NAE), we developed a full course focused on 

sustainable development.  The course learning objectives were defined by using our previous 

analysis and data from teaching of the single module in the course.  

The developed initial learning objectives for the introduction to sustainable development in 

engineering practice are as follow: 

 Explain the definition of Sustainable Development 

 Discuss the most important milestones of the History of Sustainable Development  

 Identify People, Profit and Planet as the three fundamental dimensions of Sustainable 

Development 

 Discuss the relation of society and the 6th factor (sustainability) in the Engineering Design 

process 



 Recognize the concepts of Profit—Engineering economics 

 Recognize the concepts of Planet—Environmental Engineering 

 Identify that Society (people), Economics (profit) and Environment (planet) most work balanced 

in harmony  

  Discuss Systems thinking for the interdisciplinary approach of Sustainable Development  

 Identify the holistic approach of Sustainable development.  

 Explain the concept of Net Present Value for an engineering project 

 Explain the concept of sustainable rate of return for an engineering project 

 Recognize the importance of Climate Change consequences in new urban developments 

 Discuss the concepts of Life Cycle of an engineering design and Life cycle assessment 

techniques  

 Explain the concepts of Circular Economy 

 

Work is underway to collaborate with the first year program directors to integrate the module as 

part of the first year freshmen course and the creation of a full semester length course for 

undergraduate engineering students focused on sustainable development and the circular 

engineering designs for circular economy. 

Conclusions 

A process to design, implement and measure a module of Engineering for Sustainable 

Development (ESD) for first year engineering students was detailed. The authors involved 

introducing the learners to sustainable circular designs as core promoters of a circular economy. 

This paper shows that a well-structured module with novel concepts of sustainable development 

for engineers can be taught effectively. The methodology to measure the contents of the module, 

assures student engagement and promotes student competencies. Incorporating sustainable 

development in first year engineering programs will inspire  students for a new mentality in more 

advanced engineering courses. 
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