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Report for Working Group 3: Design Education in Civil and 

Environmental Engineering 
 

Leaders: Hervé Capart (chair), Christopher A. Brown (co-chair), Andrew G. Brooks (scribe) 

Summary by: Andrew G. Brooks and Mary Kathryn Thompson 

 

Participants: Per Boelskifte, Andrew G. Brooks, Christopher A. Brown, Hervé Capart, Shang-Hsien (Patrick) 

Hsieh, Lotte Bjerregaard Jensen, Shih-Chung Kang, Carmen Neculita, Monica Pena, Harvey Rosas, Derrick Tate, 

John M. Thompson, Mary Kathryn Thompson, Yoojin Yi, Chung Bang Yun. 

 

 

Introduction 

The theme for the third working group was design 

education in civil and environmental engineering. 

During this meeting, issues discussed included the 

challenges that face civil design professors and 

students, how to provide the necessary infrastructure 

for civil design education, how to transfer best 

practices from other design fields to civil design, and 

potential future activities of this group. 

Challenges for Design Education in Civil and 

Environmental Engineering 

Challenges for Faculty  

The greatest challenge for traditional civil and 

environmental engineering faculty is that most, if not 

all, of their educations prioritized analysis over 

synthesis and required little or no project-based 

design courses. Thus they cannot draw on their own 

experiences to develop design curricula for the next 

generation. Many do not feel that they have the 

knowledge (particularly in terms of design thinking, 

theory and methodology) or tools to implement a 

design-based curriculum should one be developed. 

Furthermore, most are too busy with other teaching 

and research responsibilities to take the time to learn 

about design. One of the students present at the 

meeting said that it was more important to change the 

mentality of the faculty than the students, as the 

students ultimately will follow the lead of the 

professors. If the professors think that something is 

important, the students will too. On a more positive 

note, Prof. Hyung-Jo Jung from KAIST observed that 

the fields of civil and environmental engineering 

have wonderful design problems for students to work 

on, indicating that civil design education may be very 

successful once these initial hurdles have been 

overcome. 

 

Challenges for Students 

Many students associate the term “design” with form 

rather than function, and art rather than engineering. 

Engineering design is not the same as architectural or 

industrial design. Thus, students often do not 

understand what they will learn in engineering design 

courses or why that material is important. In addition, 

students associate the term “design” with creativity. 

However, engineering students often believe that they 

are not creative (and that engineering is not a creative 

field) which can discourage students from choosing 

design courses or actively working on design projects. 

Even within engineering, the definition of 

design can be elusive. Prof. Hwasoo Yeo from 

KAIST described design as "the process of decision 

making." However, other members of the working 

group referred to the need to find "the optimal design 

or the optimal system architecture." Both views of 

design are valid. They simply come from different 

stages of the design process. But without such 

clarification, these seemingly conflicting views of 

design can confuse students and cause them to 

question the expertise of their teachers. 

Students often depend heavily on their 

professors to outline the process and give them the 

information that they need to solve a given problem. 

However, like research, design education often 

requires students to seek out the information that they 

need from experiments, stakeholders and the 

literature. Thus, design education (or its precursors) 

must help students develop the confidence to learn on 

their own and adapt to a “pull” type model of 

education. 

Similarly, students in many parts of the world 

have limited experience with open-ended problems. 

As a result, they often have great difficulty in 

identifying and/or defining a project topic and are 

frustrated when a problem is not provided to them in 

fully encapsulated form by the course faculty. Once 

the problem is defined, students sometimes try to 

convince the professor, client, experts, or 

stakeholders to provide the design solution. 

One graduate student at KAIST noted that the 

"design" courses at her previous university did not 

require deep or systematic thinking. She suggested 

that universities develop courses and programs that 

encourage and facilitate deep and systematic thinking 
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even outside of design classes.  

Many of the faculty members who participated 

in the working group discussed the need for students 

to understand the difference between "doing the right 

thing" and "doing the thing right" (or alternatively, 

functional vs. physical thinking). Although several 

colleagues noted that it is challenging to get 

undergraduate students to think functionally, Prof. 

Shang-Hsien Hsieh from NTU argued that we need to 

introduce design thinking to engineering students 

early. This is consistent with experiences at KAIST 

which have shown that freshmen are able to learn and 

apply design thinking skills much quicker than 

similarly inexperienced graduate students. 

Other members of the working group noted that 

teaching functional thinking is difficult at any stage 

of one's career. Prof. Mary Kathryn Thompson from 

KAIST proposed reverse engineering famous civil 

designs to help students understand how the 

successful designs are consistent with design theory 

and how unsuccessful designs could have been saved 

with that knowledge. Prof. Derrick Tate from Texas 

Tech thought that such exercises would be valuable 

but should be done in a short period of time rather 

than spending an entire semester on it.  

Dr. Andrew G. Brooks emphasized the need for 

excitement, iteration, and documentation, giving 

open-source projects like Instructables as an example. 

He also stressed the need for students to have 

examples to look at so they understand that there is 

no need to re-invent the wheel. One participant 

mentioned that design students only need (or see the 

need for) systematic design thinking when they work 

on large problems. Thus, professors must choose 

design project topics carefully. Another colleague 

wondered if students shouldn't initially be taught 

design without the theory and rigor until they are 

confronted with more complex design tasks which 

require them. 

Prof. Per Boelskifte from DTU said that their 

philosophy is to inform the students of what they are 

expected to learn and why. After that, design students 

are “thrown into the deep end” and “pulled back if 

they start to drown.” Thus, the students are given 

some structure and support, but also a great deal of 

freedom. DTU also emphasizes reflection and re-

design. Many of their courses offer the students a 

chance to re-design and re-engineer their projects 

during an intensive period after the end of the regular 

semester. 

Finally, the parallels between design and 

research were discussed at length. Working group 

participants noted that research requires an 

investigation (and ultimately negotiation) of the 

thesis topic as well as the ability to do things on your 

own. Graduate students struggle equally with 

learning to do research. It was proposed that we 

should consider teaching students to do research in 

the same way that we teach design. 

Providing Infrastructure for Design 

Education  

Classrooms and Workspaces to Encourage Design 

The physical environment in which students work 

and learn plays an important role in design education. 

It not only supports the courses and projects inside, it 

also conveys the underlying philosophy which guides 

those activities and encourages integration of 

materials, knowledge, skills, and perspectives. This is 

particularly true for the studio environment which is 

commonly found in architecture and industrial design 

and is one of the founding principles of the MIT 

Media Lab. The studio environment revolves around 

participation, group criticism and transparency. This 

is in stark contrast to the top-down professor-centered 

approach that is still prevalent in many civil and 

environmental engineering departments where 

feedback comes primarily (or only) from the teaching 

staff. 

Studios are typically simple but versatile rooms 

which can serve as both a classroom for lectures and 

presentations and a laboratory or workspace for 

hands-on projects. The studios at DTU feature soft 

walls with magnetic backing and blackboards so 

there are many places to sketch, post, and discuss 

ideas. They also offer plentiful industrial shelving so 

projects can be put aside when necessary, and lots of 

electrical outlets for computers and other equipment. 

Students in the DTU design management program 

spend an entire semester in one of these studio 

classrooms. Thus, all of the courses that take place 

during that semester are linked both in terms of 

content and in terms of physical context. At the end 

of the semester or the year, DTU design management 

students "graduate" to another studio for higher level 

courses. These studios are very popular with students. 

Those who do not have access to such spaces are 

often envious of students in programs who do. 

 

Access to Tools to Realize Design Concepts 

Although studio environments often contain basic 

hand tools for students to use, access to more 

sophisticated and powerful tools can also make a 

major difference in design education. Access to 

machine shops and machine tools provides students 

with a means of expressing their creativity and 

refining their ideas. For this reason, some members 

of the working group believe that access to tools 

encourages students to build. Likewise, they 

hypothesize that a lack of access to machine tools and 

other methods of realizing their ideas might 

discourage creation and thus design thinking. Perhaps 

more importantly, students who learn to simulate but 

never build their creations sometimes fail to 

understand the difference, and can end up making 
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expensive (potentially fatal) mistakes.  

At DTU, design students have limited access to 

tools because of the machine shop hours (7am – 3pm, 

Monday – Thursday) and must fit their lab/shop time 

into their busy academic schedules. Staffed machine 

shop hours at MIT are similarly limited (9am – 12pm, 

1pm – 5pm, Monday – Friday) however there are 

some shops (including the Edgerton Student Machine 

Shop and the Hobby Shop) with extended hours and a 

few non-staffed machine shops on campus for 

graduate students. Other institution like Stanford 

University rely on a student buddy system to ensure 

machine shop safety and so shop hours are only 

limited by the availability of certified student shop 

managers. All three institutions have strong and 

internationally recognized design programs. In 

contrast, access to machine tools and rapid 

prototyping facilities remains a challenge for KAIST 

students who are interested in design and fabrication, 

particularly in a research or recreational context. 

Incorporating Best Practices in Design 

Education 

The third working group discussed how to apply best 

practices from existing design fields, including the 

use of portfolios and case studies, to civil design 

education. 

 

Portfolios 

Portfolios are a common component of many design 

programs. They allow students to showcase and 

reflect on the work that they have done in project-

based courses that would ordinarily have no place in 

a resume. Online portfolios, like those hosted for 

design management students at DTU, also provide a 

way to discourage cheating on CVs and certify that 

the work that students show is really theirs. 

Portfolio projects can be included as a visual 

alternative to more traditional communication 

courses which focus almost exclusively on writing. 

Northwestern University offers a portfolio elective 

for students in their engineering design certificate 

program. Portfolios also allow for more creative 

types of project evaluation. For example, at the 

University of Washington, students turn in several 

assignments for each project. Students receive 

comments on all assignments but can choose which 

assignments are graded. This helps to emphasize 

learning over grades. 

 

Case Studies 

Many of the working group participants felt strongly 

that case studies should be an important part of civil 

design education. Prof. Chung Bang Yun from 

KAIST noted that civil engineering students 

understand and value analysis. In contrast, they 

generally do not understand or value design. As a 

result, civil design education has to "compete" with 

the more traditional analytical courses. He believes 

that real problems and real examples from industry 

would help to convince students of the value of 

design education and help them to embrace this new 

way of thinking. He also noted that this type of 

competition is common in civil engineering. For 

example, steel manufacturers sometimes try to 

compete with concrete manufacturers by investing in 

educational materials (manuals, books, videos, etc.) 

and then sharing them for free with major universities 

to shape students' perceptions of building materials 

and processes. 

Prof. Christopher A. Brown from WPI said that 

the most important part of case studies is the ability 

to generalize the lessons learned from them because 

good engineers always take the lessons learned from 

one project and apply them to the next. He also noted 

that when he teaches Axiomatic Design Theory to 

practioners from industry, they always ask for more 

case studies. Thus, Prof. Brown suggested creating a 

bank of case studies for civil design education and 

emphasized the need for the faculty members who 

contribute to case studies to get credit for such 

activities in their tenure cases. 

Prof. Lotte Jensen from DTU added that case 

studies are used in their architectural engineering 

courses starting from the first semester with great 

success. One exercise involves extracting something 

from a case study and designing a new building based 

on the extract. Case studies and exercises based on 

them help students to identify the structural concepts 

involved and re-use those concepts in a novel way. 

Conclusions and Future Work 

One of the major goals of the emerging civil design 

community must be to improve design education (and 

education in general) in civil and environmental 

engineering. This cannot be accomplished by 

discussion alone. 

 

Provide a Forum to Share Resources, Ideas and 

Experiences 

First and foremost, the DCEE workshops can provide 

a forum to share resources, ideas and experiences 

related to civil design education. In this way, we 

could share lessons learned in an attempt to avoid 

unnecessary trial-and-error within each member's 

department and ensure that our departments’ curricula 

remain nimble in an ever-changing world with a 

constantly evolving understanding of design. 

Although ASEE has a civil engineering division, its 

focus is not on design education and while it has a 

design division, its focus is not on civil engineering. 

In addition, many of the individuals who we are 

trying to reach are not associated with ASEE. Thus 

we believe that an additional forum for civil design 
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education would still have value.   

 

Serve as an Advisory Board for Civil Design 

Education 

Recommendations about how to improve education 

often carry more weight when they are issued by 

formal committees or organizations which have 

devoted a great deal of time and resources to 

investigating and presenting the issues. Related 

activities might include benchmarking civil design 

programs around the world and determining what is 

missing from the current body of design knowledge 

that is important for civil design education. This 

group may have the opportunity to work with other 

organizations such as ASCE and ASEE to serve the 

civil engineering community in this capacity. 

 

 

 

Develop and Share Educational Materials for 

Civil Design 

As interest in design as a sub-discipline within civil 

and environmental engineering grows, there will be a 

need to help civil engineers to do design and to help 

civil engineering professors teach civil design. The 

necessary resources might include a textbook, tool 

kits, course materials, case studies, instructional 

videos, professional short / summer courses, and so 

on. The group acknowledged that developing these 

materials would take a great deal of effort and that it 

would have to be a long-term undertaking. But they 

also believe that this would be an important step for 

establishing design as a sub-discipline within civil 

and environmental engineering and a valuable 

contribute that this group could make to the larger 

civil engineering community.  

 

 

 

 

 


