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ABSTRACT

It is argued that ‘design’ is an essential characteristic of engineering practice, and hence, an essential 
theme of engineering education. It is suggested that first-year design courses enhance commencing student 
motivation and retention, and introduce engineering application content and basic design experience 
early in the curriculum. The research literature indicates that engineering design practice is a deeply 
social process, with collaboration and group interactions required at almost every stage. This chapter 
documents the evaluation of the initial and subsequent second offerings of a first-year engineering 
design unit at Griffith University in Australia. The unit 1006ENG Design and Professional Skills aims 
to provide an introduction to engineering design and professional practice through a project-based 
approach to problem solving. The unit learning design incorporates student group work, and uses self-
and-peer-assessment to incorporate aspects of the design process into the unit assessment and to provide 
a mechanism for individualization of student marks.

INTRODUCTION

It is often argued that ‘design’ is an (perhaps the) essential characteristic of engineering practice, and 
hence, an essential theme of engineering education (Atman, Kilgore, & McKenna, 2008; Dym, Agogino, 
Eris, Frey, & Leifer, 2005; Schubert, Jacobitz, & Kim, 2012). Some authors claim a level of consensus 
regarding the elements of engineering design (Hubka & Eder, 1987), and a range of normative framings 
of engineering design can be found (Dym et al., 2005; Howard, Culley, & Dekoninck, 2008; Salter & 
Gann, 2003; Schubert et al., 2012). Comparative definitions also exist that position engineering design 
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in relation to other types of design, i.e., architectural design and computer programming (Lloyd & Scott, 
1994). It is often claimed that, “Design requires unique knowledge, skills, and attitudes common to all 
engineering disciplines, and it is these attributes that distinguish engineering as a profession.” (Atman 
et al., 2008, p. 309) Hence it is not surprising to see engineering design identified as a key element of 
engineering education:

Engineering design is a critical element of engineering education and a competency that students need 
to acquire. (Atman et al., 2007, p. 359)

… the purpose of engineering education is to graduate engineers who can design, and that design think-
ing is complex. (Dym et al., 2005, p. 103)

Typically, exposure to aspects of design are distributed throughout the undergraduate engineering 
curriculum (Davis, Gentili, Trevisan, & Calkins, 2002). Student design projects have long been used 
as a key pedagogical element for the development of engineering student design skills and knowledge. 
Traditionally, these have taken two complementary forms:

• Final-Year Design Courses: Open referred to as ‘capstone’ design courses (Dutson, Todd, 
Magleby, & Sorensen, 1997); and

• First-Year Design Courses: Often referred to as ‘cornerstone’ design courses.

Cornerstone design courses arose as a response to perceptions that first-year engineering curricular, 
historically loaded with math, physics and other theoretical foundation studies, often left commencing 
students wondering what engineers actually do. It is suggested that first-year design courses enhance 
commencing student motivation and retention, and introduce engineering application content and basic 
design experience early in the curriculum (Dym et al., 2005).

Computer-Aided Design (CAD) has been a part of engineering design since the 1960s, and by the 
1990s developments in low-cost computer hardware and electronic communications made CAD a ubiq-
uitous element of engineering design (Salter & Gann, 2003). CAD was traditionally associated with 
the production of design drawings and other documentation, but CAD can be used in all phases of the 
engineering design process (Hubka & Eder, 1987). Even if only for the documentation of engineering 
design concepts, CAD plays an important role as an enabler of group design work via the formal repre-
sentation of design information in a standard and unambiguous form that minimizes errors in the sharing 
of design concepts between members of the design team (Brereton & McGarry, 2000). In engineering 
education, evidence of the close association between engineering design and CAD can be observed in the 
commonly found pairing of training in the use of CAD systems combined with introductory engineering 
design theory and practice in a single unit of study.

There is evidence that experienced engineers carry out design activities in qualitatively different ways 
to novice or less experienced engineers. And, if engineering students are considered as ‘student engineers’, 
a similar growth in sophistication in engineering design output has been observed between junior and 
senior students. As part of a longitudinal investigation into undergraduate engineering student design 
performance, data were collected on how both freshmen (commencing) and senior students conducted 
design exercises (Atman, Cardella, Turns, & Adams, 2005; Atman, Chimka, Bursic, & Nachtmann, 
1999). It was observed that senior student performance was better than freshman performance with re-
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