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ABSTRACT

The purpose of this research project is to determine the integration of complex 

systems study in mechanical engineering programs of America and Australia, and to 

propose an engineering educational program that will better prepare engineering 

students.  The research was conducted by reviewing American and Australian 

engineering accreditation requirements, typical mechanical engineering curriculum, 

self-reported data collected from Web sites, survey data collected from mechanical 

engineering students and faculty, and focus group and interview data collected from 

mechanical engineering students and faculty.   

The research suggests that in America there is a disjuncture between what is 

occurring and what ought to be occurring in mechanical engineering educational 

programs.  In Australia, there is a correlation between what is occurring and what 

ought to be occurring.  The American faculty survey and interview data indicated that 

there is a disjuncture between faculty perceptions of student outcomes and faculty 

perceptions of the educational experience.  The faculty rated certain student outcomes 

as being very high in the surveys, but then in the interviews, they suggested that there 

were not opportunities for students to obtain these outcomes.  This is one example of 

the disjuncture in American engineering programs between what is occurring and what 

ought to be occurring. 

The proposed Engineering Educational Niche Program encourages students to 

reach their highest potential and encourages a deep approach to learning.  It involves 

every student developing a unique program of study based on their personal 
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objectives.  Throughout society, changes are occurring at a very rapid pace; however, 

the university system has not kept up with these changes.  This proposed Engineering 

Educational Niche Program attempts to change the current educational program. 
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CHAPTER ONE 

INTRODUCTION

To be confused about what is different is to be confused about 

everything.  Thus, it is not an accident that our fragmentary form of 

thought is leading to such a widespread range of crisis, social, 

political, economic, ecological, psychological, in the individual and in 

society as a whole…To develop new insights into fragmentation and 

wholeness requires a creative work even more difficult than that 

needed to make fundamental new discoveries in science, or great and 

original works of art.  Suddenly, in a flash of understanding, one may 

see the irrelevance of one’s whole way of thinking…along with a 

different approach in which all the elements fit in a new order and in a 

new structure. 

David Bohm 

1.1. GENERAL INTRODUCTION TO THE PROBLEM 

The purpose of this research project is to examine current engineering 

educational programs in America and Australia to determine how well each equips 

engineering students to practice at the intersection of complex systems (i.e. technical 

and non-technical areas).  Although the term complex systems study is not typically 
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used in the realm of engineering education, it encompasses many of the concerns that 

have been discussed throughout the history of engineering schools. 

Complex systems study is defined as an awareness and understanding of the 

interrelationships of engineered systems with technical and non-technical (i.e., social, 

environmental, economic, ethical, and global) systems, even when these systems 

cannot be broken down into solvable, simple equations.  Thus, complex systems study 

is the study of a holistic system and its interactions with other systems (Amaral and 

Ottino), and it is laying the foundation for all sciences to move beyond reductionism 

into holism (Li et al.).  In the realm of engineering, complex systems study requires 

engineers to consider not only the technical aspects of a system, but also the social, 

environmental, economic, ethical, and global aspects.  Characteristics that embody a 

complex systems thinker include the ability to take a multi-scale perspective, the 

ability to understand the interrelationships between different parts of a system, a 

strong macro-ethic (defined as an overarching ethical framework for understanding the 

intersection between human engineered systems and earth systems (Russell and 

Peters)), creativity and flexibility in thought, a strong business sense, the ability to 

empathize with other people, good communication skills (formal and informal), and an 

aptitude for lifelong learning.  An examination of the degree to which American and 

Australian engineering educational programs equip students to practice at the 

intersection of complex systems provided insight into concerns that have been and are 

being discussed by engineering educators, engineering administrators, leaders of 

professional societies, and leaders in industry. 
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A closer look at the engineering education programs in America and Australia 

will provide two distinct perspectives of complex systems integration.  Engineering 

education in America has been heavily influenced by the cold war.  This strong 

defense-related influence has encouraged a mechanistic, simple systems approach in 

the way that engineers are educated (Dowell).  Australia has a different history; their 

engineering educational program has been driven by social and environmental 

systems, which are inherently more complex.  By examining these engineering 

educational programs simultaneously, alternative ways to equip students to practice at 

the intersection of complex systems may emerge.   

Currently the engineering educational program can be described as a mass 

production approach, i.e. every student’s unique abilities are suppressed in order to 

have all of the individuals reach the same place at the same time.  The goal of this 

approach is for every mechanical engineering, civil engineering, or chemical 

engineering student to graduate engineering school with the same knowledge and 

abilities.  This mass production approach was useful when there was a distinct set of 

information that every engineer needed to know for their job.  However, as technology 

and information are changing rapidly, engineering jobs are becoming increasingly 

diverse.  It is no longer ideal to have engineering students that are similar, but is more 

useful for them to develop to their maximum potential according to their unique 

abilities and interests.  Many experts (Bar-Yam Making 182-197; Covey 12-24; Hock 

55-57; Pink 48-51; Senge et al. 27-58) agree that in order to be successful in the post-

industrial age (information age and conceptual age), it is important for people to be 

diverse in their abilities.  This is becoming increasingly true in engineering professions 
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where the diversity of jobs and specialties is increasing rapidly.  In order to prepare 

students for this rapidly evolving workplace, it will be increasingly necessary to 

encourage every student to reach their maximum potential.   

In America, the president of the National Academy of Engineering (NAE), 

William Wulf, has observed that engineers are increasingly required to solve problems 

involving complex physical, biological and social systems.  He lamented, however, 

that "Many of the students who make it to graduation enter the workforce ill-equipped 

for the complex interactions, across many disciplines, of real-world engineered 

systems" (“Makeover”).  In response to concerns such as these expressed by Wulf, this 

effort examines the extent to which today’s undergraduate engineering programs are 

preparing engineers to successfully encounter, engage, and interrelate complex 

systems in their professional lives.  Recently, NAE responded to this awareness by 

establishing the Engineer of 2020 Project (Educating; The Engineer).  This project 

addressed the growing need of engineers to pursue collaborations within 

multidisciplinary teams because of the increasing complexity and scale of systems-

based engineering problems.  According to the latest publication, these teams must 

have the following attributes: “excellence in communication (with technical and 

public audiences), an ability to communicate using technology, and an understanding 

of the complexities associated with a global market and social context” (Educating).  

These attributes are in alignment with the attributes of a complex systems thinker.   

In 2001, the U.S. Accreditation Board for Engineering and Technology 

(ABET) began holding engineering schools accountable for more than just teaching 

the required subjects; engineering schools became accountable for what students are 
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learning (Felder “ABET”).  ABET requires that graduates meet a specific set of 

outcomes (knowledge, skills, and attitudes) in addition to outcomes that address the 

individual program’s educational objectives.  ABET Engineering Criteria requires that 

graduates of accredited programs possess (a) an ability to apply knowledge of 

mathematics, science, and engineering; (b) an ability to design and conduct 

experiments, as well as analyze and interpret data; (c) an ability to design a system, 

component, or process to meet desired needs; (d) an ability to function on 

multidisciplinary teams; (e) an ability to identify, formulate, and solve engineering 

problems; (f) an understanding of the broad education necessary to understand the 

impact of engineering solutions in a global/societal context; (i) a recognition of the 

need for and an ability to engage in life-long learning; (j) a knowledge of 

contemporary issues; (k) an ability to use the techniques, skills, and modern 

engineering tools necessary for engineering practice (ABET).  These accountability-

based outcomes align with the characteristics described in the Engineer of 2020 

project and those of a complex systems thinker (Educating; The Engineer). 

The professional societies are in alignment with ABET’s thinking in this 

regard.   Leaders from the American Institute of Chemical Engineers, the American 

Society of Civil Engineers, the American Society of Mechanical Engineers, and the 

Institute of Electrical and Electronic Engineers have also addressed the need for 

engineers to solve problems involving complex physical, biological, and social 

systems (ASCE; ASME; Dorland).  For example, the American Society of Mechanical 

Engineers now promotes a “shared vision of the future of mechanical engineering 

education in the context of new and rapidly emerging technologies and disciplines, 
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national and global trends, societal challenges for the twenty-first century, and 

associated opportunities for the profession” (ASME). 

The concerns expressed from professional societies mimic concerns within 

industry.  Industry has also expressed a concern that engineering graduates are not 

complex systems thinkers, i.e. they do not understand the connections between 

technical and non-technical aspects of engineering.  Desmond Hudson, President of 

Northern Telecom Inc. explained that, 

“My concern is for the students who come out of school suitably versed 

in mathematics, physics and the sciences, but lacking an appreciation 

for literature, history and philosophy. The view they have is that 

modern technology is a collection of components rather than an integral 

part of our society, our culture, our business environment” (qtd. in 

Splitt).  

There is a need to engage students in a new way of thinking about the problems that 

they will encounter in their careers.  To change the trend in thinking, it is necessary to 

change the educational experience of undergraduate engineering students. 

Before change can be proposed, an examination of the state of current 

undergraduate mechanical engineering programs is necessary.  The author is 

examining how current engineering educational programs in the United States of 

America (America) and Australia equip engineering students to practice at the 

intersection of complex systems.  As a culmination of this study, the author will 

propose a new engineering educational program to address the needs of the current 

and future society. 
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Thus, engineering experts agree that engineering students should be prepared 

to analyze problems, design under varying non-technical constraints (e.g., social or 

environmental), communicate with people outside of their specific discipline, and 

remain lifelong learners in a rapidly changing world (ASCE; ASME; Dorland; 

Dowell, Baum, and McTague; Felder “ABET”; NAE Educating; NAE The Engineer; 

Wulf “Makeover”). The experts also agree that engineering students should reach their 

highest potential according to their unique abilities and interests (Bar-Yam Making 

182-197; Covey 12-24; Hock 55-57; Pink 48-51; Senge et al. 27-58).  This encourages 

students to be diverse, and will eventually encourage them to contribute to various 

aspects of society.  These trends suggest that there is a consensus that engineering 

students need to become complex systems thinkers.  To what extent are undergraduate 

engineering programs engaging their students in the study of complex systems?  How 

can the engineering educational system be changed to prepare students to be 

productive and successful citizens? 

1.2. RESEARCH PURPOSE 

This research will benchmark American mechanical engineering educational 

programs against their Australian counterparts.  The findings from the exploration of 

mechanical engineering programs in America and Australia will then be used to 

develop a plan to integrate complex systems study into engineering students’ 

development throughout America.   
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1.3. RESEARCH DESIGN 

The comparison of American and Australian mechanical engineering programs 

was conducted by comparing the accreditation criteria, typical mechanical engineering 

curricula from each country, and websites of the selected American and Australian 

universities.  This comparison was supplemented by online surveys, focus groups, and 

interviews that were administered to faculty and students at the University of South 

Carolina (USC) and the University of Queensland (UQ). 

1.3.1. Sample 

Data are collected from Web sites, faculty, and students in American and 

Australian universities.  Included in the American sample are respondents from 

colleges and universities that a) are Research I Universities, b) are public universities, 

c) offer a bachelor’s degree in mechanical engineering, and d) were one of the nine 

randomly selected universities or the USC.  There are 151 Research I Universities 

(public and private).  Of these, 101 are public Research I Universities.  All of the 

research universities that met criteria a), b), and c) were put into a list in Microsoft 

Excel.  Each of these were assigned a number.  The random number function 

generated nine numbers between zero and one, and each number was multiplied by the 

total number of universities (101) to randomly select nine universities.  In total, 9.9% 

of the total possible universities were studied in this research project.  These include 

the following universities: North Carolina State University, University of Arizona, 

University of California-Irvine, University of Kansas, University of Minnesota-Twin 

Cities, University of Nevada-Reno, University of South Carolina, and University of 
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Tennessee-Knoxville, Virginia Commonwealth University, and University of 

Missouri-Columbia.   

Included in the Australian sample are respondents from ten colleges and 

universities termed “Group of Eight” Engineering Universities (i.e., equivalent to 

having a Carnegie Classification of a Research I University; in the engineering 

“Group of Eight” there are two associate universities in addition to the standard 

“Group of Eight” universities).  These include the following universities: University of 

Adelaide, Australian National University, University of Melbourne, Monash 

University, University of New South Wales, University of Newcastle, UQ, University 

of Sydney, University of Western Australia, and University of Wollongong.   

1.3.2. Procedure 

The following procedure will be followed to benchmark American engineering 

educational programs against Australian engineering educational programs in order to 

develop a plan to integrate complex systems study into engineering students’ 

development throughout America: 

1. Compare the engineering accreditation requirements in America and 

Australia (chapter four). 

2. Compare the curriculum of USC and UQ (chapter four). 

3. Gather information from websites to systematically collect relevant 

information at a basic and advanced level (chapter five).  This will be 

completed according to the following procedures: 

• At a basic level, the author attempted to capture a broad 

overview of each institution’s educational culture.  For each 
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institution in the sample, Web site search engines were used to 

identify the occurrence and frequency of three fundamental 

terms thought to most closely represent complex systems study.  

• At an advanced level, the author conducted a systematic 

analysis to provide a more thorough assessment of the extent to 

which the university, college, department, and curricula 

included the concepts of complexity.  

4. Administer online surveys to the mechanical engineering faculty, 

department chairs, and undergraduate students at the selected 

universities in Australia and America (chapter six and chapter seven) 

5. Gather and analyze more detailed data at USC and UQ.  This data will 

include interviews of the mechanical engineering faculty and 

department chairs, and focus groups with the undergraduate mechanical 

engineering students (chapter six and chapter seven). 

6. Develop a plan to incorporate complex systems study into the mechanical 

engineering program at the University of South Carolina (chapter 

eight). 

1.4. DISSERTATION STRUCTURE 

This study seeks to address the growing need to revamp engineering education 

in America.  The research plan was briefly outlined in the previous section.  A 

literature review will first be provided to describe the current research in engineering 

education (chapter two) and complex systems (chapter three).  Chapters four through 

seven will be devoted to the research that was outlined in the previous section.  This 
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research will set the framework for the proposed changes for mechanical engineering 

programs in chapter eight. 
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CHAPTER TWO 

ENGINEERING EDUCATION LITERATURE REVIEW

The assembly-line model tacitly identified students as the product 

rather than the creators of learning, passive objects being shaped by an 

educational process beyond their influence. 

Peter Senge 

Concerns for the state of engineering education are becoming widespread.  

More engineering professors have started reading education literature, attending 

teaching workshops, and attending American Society for Engineering Education 

(ASEE) conferences (Felder “Warm Winds”).  The National Science Foundation 

(NSF) has responded to these concerns by allocating more research money for 

engineering education.  ABET has also expressed concern for the state of engineering 

education.  In 2001 ABET began holding engineering schools accountable for more 

than just teaching the required subjects, engineering schools became accountable for 

what the students are learning (Felder “ABET”).  The professional societies are also 

expressing a concern for the state of engineering education (ASME; ASCE; Dorland). 

This chapter is a review of the current engineering education literature.  It 

includes a description of the society that the graduating engineering students will be 

entering and the desired attributes that will help an engineer to function effectively in 
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this society.  It also describes the current cognitive research on how students learn and 

learning theories. 

2.1. SOCIETY 

The emergent properties of the society in which an educational system operates 

provides additional insight into that educational system.  Before investigating new 

ways to teach engineers, it is beneficial to predict the society in which they will 

operate.  In the engineering education literature, two major studies present their 

versions of the emergent properties of the coming century (Rugarcia et al.; NAE The 

Engineer).   

In the Future of Engineering Education: I. A Vision for a New Century, 

Rugarcia Felder, Woods, and Stice describe seven features of the coming century that 

will pose challenges to future engineers (17, 18).  These features are the following: 

proliferating information, multidisciplinary technological development, globalized 

markets, the endangered environment, emerging social responsibility, participatory 

corporate structures, and rapid change.  Proliferating information refers to the 

exponentially growing amount of available information (17).  Multidisciplinary 

technological development describes the network of disciplines required to solve a 

problem (17).  In the past, an engineer’s required body of knowledge was very specific 

to their discipline.  Now, engineers work with teams from a variety of disciplines and 

are increasingly required to be aware of and to understand the fundamentals from 

different disciplines, depending on their specialty.  This requires cooperation between 

previously separate disciplines to develop innovative technologies.  Globalized 

markets refer to the current trend that industries are operating at a global scale (17).  
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In order to function successfully at a global scale, cultural and economic 

understanding is as important as technological expertise.  The endangered 

environment cannot continue to be ignored as there are growing concerns of the 

quality of life and the depletion of natural resources throughout the world (17, 18).  As 

these concerns increase, industry will not be able to measure their success on 

economics alone--especially when economics comes at the expense of the 

environment.  Emerging social responsibility is the obligation of industry and 

individual engineers to accept social responsibility for the negative consequences of 

advancements in technology, such as threats to public health and the depletion of 

nonrenewable natural resources (18).  Participatory corporate structures refers to 

the decision-making power of companies shifting from upper and middle management 

to being distributed throughout management, technical staff, and operational staff (18).  

Rapid change refers to the diminishing half-life of technology (18).  Scientific and 

technological float is disappearing quickly (Hock 103-06).  The time from discovering 

a new knowledge, developing a new technology based on this knowledge, and 

bringing this new technology to market is diminishing rapidly.   

The NAE report, The Engineer of 2020: Visions of Engineering in the New 

Century, has also described the society of the coming century (53).  This report also 

addresses the rapid pace of technological innovation (rapid change), a globally 

interconnected technological world (globalized markets), a technology-dependent 

population that is increasingly diverse and multidisciplinary (multidisciplinary 

technological development).  Additionally, this report indicated that social, cultural, 

political, and economic aspects will be integral in the development of technological 
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innovation and that technology will infiltrate many aspects of our everyday lives in a 

flawless and transparent way. 

2.2. ENGINEERING CHARACTERISTICS 

How can we describe engineers that would be best suited for the society as 

described above?  The individuals can be described thoroughly by the following three 

dimensions: their knowledge, their skills, and their attitudes (Rugarcia et al. 18-21). 

2.2.1. Knowledge 

The Boyer Commission report expressed a concern that students are graduating 

without a fundamental understanding of engineering, an understanding of the 

connections between courses, and the ability to communicate effectively.   

Many students graduate having accumulated whatever number of 

courses is required, but still lacking a coherent body of knowledge or 

any inkling as to how one sort of information might relate to others. 

And all too often they graduate without knowing how to think 

logically, write clearly, or speak coherently. The university has given 

them too little that will be of real value beyond a credential that will 

help them get their first jobs (6). 

It is important for universities to adequately prepare students for their pursuits beyond 

the university.  A fundamental understanding of engineering, an understanding of the 

connections between separate topics or courses, and the ability to communicate 

effectively are necessary for students to transition successfully into industry or 

graduate school. 
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In the past it was possible to cover the information that engineers would need 

to know in their careers (Rugarcia et al. 19).  As the amount of information is 

increasing exponentially and the boundaries between disciplines are becoming vague 

the curriculum is not able to cover all of the information that engineers will need to 

know throughout their careers.  A broad range of employment possibilities are 

available for any given engineer.  Additionally, engineers are increasingly working in 

non-traditional engineering fields, such as “biotechnology, environmental science, 

computer engineering, health and safety engineering, semiconductor fabrication 

technology, and business and finance” (Rugarcia et al. 19).  In order to effectively 

prepare students to work in any of these areas, they need to be exposed to “concepts in 

biology, physics, toxicology, fiscal policy, and computer and software engineering,” 

all of which are beyond the traditional scope of an engineering curriculum (Rugarcia 

et al. 19).  Any given engineer will work in a specialized area; although, the specific 

area is one of a broad set of possibilities.  Today’s engineering students are likely to 

never be required to conduct work in the traditional fundamental subjects of an 

engineering curriculum. 

How can students be expected to know everything from this broad spectrum of 

engineering knowledge (Rugarcia et al. 19)?  Rugarcia et al. suggest that one possible 

solution is to track students for different specializations.  However, no matter how 

many tracks were developed, it would be impossible to teach students everything that 

they need to know before they go to work.  Rugarcia et al. suggest another solution, 

which involves providing science and engineering fundamentals, helping students 
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transfer knowledge across courses and disciplines, and equipping students with 

lifelong learning skills.   

2.2.2. Skills 

Rugarcia et al. pose seven categories of skills required to address the 

challenges to current and future engineers (19-21).  These include the following: “(1) 

independent, interdependent and lifetime learning skills; (2) problem solving, critical 

thinking, and creative thinking skills; (3) interpersonal and teamwork skills; (4) 

communication skills; (5) self-assessment skills; (6) integrative and global thinking 

skills, and (7) change management skills.”   

Independent, interdependent and lifetime learning skills refers to Perry’s 

model that states that many students begin college as dependent learners; however 

they transition to independent and sometimes ultimately interdependent learners 

(Rugarcia et al.; Perry).  Perry’s model consists of nine levels, with levels 2 through 5 

characterizing most college students.  Dependent learners (level 2) have a dualistic 

view of knowledge (Pavelich and Moore).  They consider their teachers to be absolute 

authorities, requiring them to present, organize, and interpret knowledge while the 

learner absorbs and reiterates the information.  Independent learners (level 4) 

recognize that everything is not right or wrong and that they must acquire knowledge 

from a variety of sources and critically evaluate that knowledge.  Interdependent 

learners (level 5) recognize that the world is relativistic, not dualistic.  The learners 

view themselves and their peers as a legitimate source of knowledge.  In this level, the 

learners view knowledge and attitudes in context, they recognize that getting 

information from many sources is more reliable, and they recognize that their peer 
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group is a valuable learning resource.  Studies have shown that engineering and 

science students enter as freshman at a level of 2.5 to 3.5, and less than a third make it 

to level 5 by graduation (Wise et al.).  Instructors can be crucial in the transition to a 

higher level within Perry’s model (Rugarcia et al. 20).  As independent or 

interdependent learners, students no longer require that a person of authority present 

knowledge for them to regurgitate; they possess the skill set to be lifelong learners.   

Problem solving, critical thinking, and creative thinking skills refer to the 

ability of students to approach and solve problems, and more specifically, the ability to 

approach and solve problems in creative or innovative ways (Rugarcia et al. 20, 21).  

Creative or innovative thinking is the kind of thinking that leads to new insights, novel 

approaches, fresh perspectives, and whole new ways of understanding and conceiving 

of things (Facione).   

Interpersonal and teamwork skills refer to the ability of students to work in 

teams of people with diverse backgrounds, abilities, and responsibilities (Rugarcia et 

al. 21).  A successful team has team members that communicate well with one 

another, team members that respect one another’s viewpoints, emergent leaders that do 

not dominate, team members that delegate and accept responsibility, and team 

members that can cope with social and cultural conflicts.  Mastering interpersonal 

skills (of which translation, clarity, negotiation, and listening are essential) will help a 

project succeed more than technical expertise alone.   

Communication skills refer to the critical need of engineering graduates to 

communicate effectively with people from different disciplines, cultures, and 

languages (Rugarcia et al. 21).  With disciplinary boundaries disappearing and 
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globalization becoming more predominant, it is becoming more critical for 

engineering graduates to communicate well, not only for activities such as 

presentations and report writing, but also day-to-day interactions amongst peers 

(Darling and Dannels).  Writing, speaking, and drawing are not only ways to transmit 

knowledge from one person to another, but also ways to analyze and generate 

knowledge (Winsor 23). 

Self-assessment skills refer to the ability to predict performance on different 

tasks and to monitor understanding of these tasks (NAE How People Learn 12-13).  

Self-assessment (or metacognition) helps students monitor their understanding and 

learning.  The more students can assess the knowledge and skills of themselves and 

others accurately, the more effective and confident they will be as learners (Rugarcia 

et al. 21). 

Integration of disciplinary knowledge refers to skills that encourage holistic, 

not reductionist, thinking (Rugarcia et al. 21; Bordogna, Fromm, and Ernst 4, 5).   

Engineering students need to understand the connections among and within 

mathematics, science, and engineering (Froyd and Ohland 147).  Engineering science 

is a critical component of a student’s knowledge set, but as Jay W. Forrester said so 

well in 1967, “Engineering has become preoccupied with its science and fails to focus 

on the more fundamental objectives of bridging between isolated compartments....”  It 

is becoming increasingly important that students can transfer their knowledge from 

one context to another (Mestre). 

Change management skills refer to skills required to deal with rapidly 

changing technologies and a rapidly changing engineering field (including the growth 
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in nontraditional engineering jobs) (Rugarcia et al. 21).  Increasingly, successful 

engineers will need to manage change effectively. 

ABET Engineering Criteria 2000 and the Engineer of 2020 study also describe 

sets of engineering skills (see table 2.1.).  The categories described above (Rugarcia et 

al. 19-21) encompass the required skills that are presented in the ABET Engineering 

Criteria 2000 and in the Engineer of 2020 study (see fig. 2.1.).   
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Table 2.1. 

Engineering Skills: Rugarcia et al. Categories of Skills, ABET Engineering Criteria 

Skills, and Engineer of 2020 Skills 

Categories of Skills 
(Rugarcia et al. 19-21) 

 ABET Engineering Criteria 2000 
(ABET 2) requires that graduates 
of accredited programs should 
possess the following skills:  

 Engineer of 2020 
Skills (NAE 54-
57) 

(1) independent, 
interdependent and 
lifetime learning skills;  

 (a) an ability to apply knowledge 
of mathematics, science, and 
engineering 

 (1) Strong 
analytical skills 

(2) problem solving, 
critical thinking, and 
creative thinking 
skills;  

  (b) an ability to design and 
conduct experiments, as well as 
to analyze and interpret data 

 (2) Practical 
ingenuity 

(3) interpersonal and 
teamwork skills;  

 (c) an ability to design a system, 
component, or process to meet 
desired needs  

 (3) Creativity 

(4) communication 
skills;  

 (d) an ability to function on 
multi-disciplinary teams 

 (4) 
Communication 

(5) assessment and 
self-assessment skills;  

 (e) an ability to identify, 
formulate, and solve engineering 
problems 

 (5) Business and 
management 

(6) integrative and 
global thinking skills 

 (f) an understanding of 
professional and ethical 
responsibility 

 (6) Leadership  
 

(7) change 
management skills. 

 (g) an ability to communicate 
effectively 

 (7) High ethical 
standards 
 

  (h) the broad education 
necessary to understand the 
impact of engineering solutions 
in a global and societal context 

 (8) 
Professionalism 

  (i) a recognition of the need for, 
and an ability to engage in life-
long learning 

 (9) Dynamism, 
agility, resilience, 
flexibility 

  (j) a knowledge of contemporary 
issues 

 (10) Lifelong 
learners 

  (k) an ability to use the 
techniques, skills, and modern 
engineering tools necessary for 
engineering practice 
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Fig. 2.1. Graphical Representation of the Relationships between Rugarcia et al. 

Categories of Skills, ABET Engineering Criteria Skills, and Engineer of 2020 Skills 

(Rugarcia et al. 19-21; ABET 2; NAE 54-57) 

2.2.3. Attitudes and Values 

A deficiency in today’s curriculum is the assumption that the inclusion of 

humanities courses in a curriculum is adequate to yield responsible and ethical 

engineers (Rugarcia et al. 22).  Unfortunately, this deficiency has encouraged 

engineers to make decisions with no regard to social, ethical, or moral consequences.  

This has had a negative impact on earth and human systems and will continue to do so.  

This deficiency drives many of the societal challenges described above (i.e. 

endangered environment, emerging social responsibility, and participatory corporate 
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structures).  Many of the skills described in the previous section arose from a need to 

modify the current attitudes and values of engineers. 

2.3. ENGINEERING EDUCATION RESEARCH 

If you were to walk into an engineering class, what would you observe?  

Would it be different to a classroom from 50 years ago?  It probably looks very similar 

to a classroom from 50 years ago (Rugarcia et al. 16).  In spite of the growing interest 

in engineering education research, the typical classroom remains to be one with the 

professor at the front of the class, copying notes from his notebook to the blackboard, 

and reading what he writes aloud, while the students passively copy notes from the 

board, read, work on other coursework, or think about other things.  However, recently 

many professors have begun preparing PowerPoint slides before the class and reading 

the information on the slides to the students (Felder and Brent “Death”).  Oftentimes 

these professors put handouts of the slides on the Web so that the students do not need 

to take notes.  Providing handouts of the slides on the Web allows the professors to be 

able to cover more material than ever before.  Unfortunately this leads to the students 

being less engaged—they do not need to listen to the professor read the slides, because 

they can do this more efficiently at their own pace.  In both of these scenarios, when 

the students are occasionally asked a question from the professor they avoid eye 

contact with the professor until one of the students feels obliged to answer (Rugarcia 

et al. 16).   The students are assigned problems at the end of the class which require 

them to repeat what the professor did in class.  This process repeats itself throughout 

the semester.  Are these learning environments conducive to student learning?  If not, 

how do students learn?  What does the current educational research say about how 
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students learn?  Which learning theories have proven to be effective?  These questions 

are answered in the following sections.  A large body of engineering educational 

research is drawn upon to answer these questions.  This provides a broad overview of 

the current educational research.   

2.3.1. Students—How They Learn 

Understanding student differences (levels of motivation, attitudes about 

teaching and learning, and differing responses to different classroom environments 

and instructional practices) helps professors meet the diverse needs of their students.  

While it is impossible to tailor their class to each student’s needs it is possible to 

provide a balanced teaching approach that will meet the needs of the majority of the 

students in the classroom.  The following paragraphs will describe learning styles, 

approaches to learning, and levels of intellectual development. 

Learning styles vary from student to student.  A professor that understands 

how students learn can adjust their teaching style to address more than one learning 

style (Felder and Brent “Understanding”).  There are many learning style models, five 

of which have been applied extensively to engineering education.  Jung’s Theory of 

Psychological Type as operationalized by the Myers-Briggs Type Indicator (MBTI) is 

a personality type indicator that has strong learning style implications and is best 

known within the engineering education literature (Felder and Brent “Understanding” 

58; Felder “Matters”; Lawrence; Pittenger).    This is the best known learning style in 

the engineering education literature; therefore it will be discussed in detail.  The MBTI 

categorizes people according to the following scales (Felder “Understanding” 59):  
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1. Extraverts (prefer to direct their energy outwards on people, things or 

situations) or introverts (prefer to direct their energy inwards on ideas, 

information, beliefs, or expectations),  

2. Sensors (prefer to deal with facts, what you know, or what you can see) or 

intuitors (prefer to deal with ideas, the unknown, come up with new 

possibilities),  

3. Thinkers (make decisions based on objective logic, using an analytical and 

detached approach) or feelers (make decisions based on values or 

personal beliefs), and  

4. Judgers (prefer your life to be planned, stable, and organized) or perceivers 

(prefer to maintain flexibility and respond to things as they arise).   

Engineering instruction tends to be oriented towards people that are introverts 

(classrooms are dominated by lectures and assignments), intuitors (math, science, and 

engineering science fundamentals dominate the curriculum, instead of engineering 

applications), thinkers (analysis is based on objective logic), and judgers (syllabus 

focuses on deadlines instead of an exploration of ideas creative problem solving) 

(Felder and Brent “Understanding” 59).  A study that was conducted in 1980 found 

that introverts, intuitors, thinkers, and judgers outperformed extraverts, sensors, 

feelers, and perceivers in colleges of engineering at eight universities (McCaulley, 

Macdaid, and Granade).  In another longitudinal study performed at the University of 

Western Ontario, the male students who were lower performers in high school and 

were introverts, intuitors, thinkers, and judgers performed better after the first year and 

were more likely to graduate after four years than their counterparts who were the 
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higher performers in high school and were extraverts, sensors, feelers, and perceivers 

(Rosati “Student Retention”; Rosati “Psychological Types”).  Another longitudinal 

study that was performed at North Carolina State University compared the 

performance of students with different personality types in courses throughout the 

curriculum (which included traditional courses and courses that emphasize active and 

cooperative learning styles).  The results confirmed the expectations from the above 

studies.  The extraverts performed better in group settings, the sensors performed 

better in courses that were based in practice, the feelers had a high drop-out rate as a 

result of the impersonal environment of the engineering curriculum even when they 

were doing well academically, and the perceivers did not perform as well as the 

judgers in the context of the structured curriculum (with many deadlines) (Felder, 

Felder, and Dietz).  These studies lead to the conclusion that MBTI is an effective way 

to characterize engineering students.  It is important to remember that traditional 

engineering classrooms cater to one type of student: the introvert, intuitor, thinker, and 

judger.  Other models that have been applied extensively to engineering education 

(Felder and Brent “Understanding” 58) are those of Kolb (Stice), Felder and 

Silverman, Hermann, and Dunn and Dunn (Dunn). 

Marton and Säljö define three approaches to learning: a surface approach, a 

deep approach, and a strategic approach.  Students who take a surface approach learn 

material by memorization.  They do not attempt to fit the material into a larger context 

and they follow routine solution procedures without trying to understand where these 

procedures come from and the limitations of the procedures.  These types of students 

typically have an extrinsic motivation to learn—they want to memorize what they 
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need to so that they can pass the class, eventually graduate, and get a good job.  When 

these students are attempting a problem in a course, they scan through the textbook 

looking for a similar problem so they can copy the solution.  Students who take a deep 

approach to learning focus on understanding the material, not just simply memorizing 

it for a test.  These students have an intrinsic motivation to learn, i.e. they have a 

curiosity that guides their learning instead of simply the desire to pass the class.  These 

students try to place the new material into context of their previously learned material.  

Students who take a strategic approach to learning do what it takes to get the grade.  

These students are efficient in their studying.  They assess the course and determine 

the minimum amount of effort that they need to put forward to make a good grade in 

the course.  These students would prefer to adopt a superficial approach, but will adopt 

a deep approach if needed.  These learning approaches vary from student to student, 

from course to course, and even from assignment to assignment.   

Students tend to adopt an orientation to studying, in other words a tendency to 

adopt a specific learning approach across many situations and learning environments 

(Entwistle).  Students that commonly adopt a surface learning approach have a 

reproducing orientation, those that commonly adopt a deep learning approach have a 

meaning orientation, and those that commonly adopt a strategic learning approach 

have an achieving orientation.    

The Lancaster Approaches to Studying Questionnaire was developed to screen 

for the different learning approaches and orientations--it has twelve subscales relevant 

to the orientations and four additional subscales.  Woods, Hrymak, and Wright 

administered a shorter version of this questionnaire to 1,387 engineering students.  
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The engineering students predominately adopted a strategic learning approach.  The 

remaining students mostly had a surface learning approach, while the smallest 

percentage of students had a deep approach.  These results are different than studies 

that were administered to psychology and chemistry students, these students were 

inclined to be strategic learners in their second year and deep learners in their fourth 

year (Bertrand and Knapper).  Both second and fourth year psychology and chemistry 

students were least inclined to be surface learners.  This provides a contrast to the 

engineering students, who were least inclined to be deep learners. 

The deep approach has a positive effect on learning outcomes.  Ramsden found 

that students who took a deep approach to learning retained the information for a 

longer period of time and scored higher grades.  Prosser and Millar found similar 

results when they examined first year physics students’ understanding of forces before 

and after an introductory mechanics course.  Almost all (eight of nine) of the students 

who took a deep approach showed significant progress in understanding force 

concepts, while only a few (two of 23) of the students who took a surface approach 

showed such progress.  Meyer, Parsons, and Dunn found that students who took a 

deep approach to learning always passed the course, while the ones that took a surface 

approach were likely to fail. 

Specific instructional approaches and environments can encourage a deep 

approach to learning (Biggs; Ramsden; Prosser and Millar).  These include stating the 

expectations clearly, providing feedback on progress towards these expectations, 

employing assessment methods that require a conceptual understanding (in contrast 

with those that require recall or the application of routine procedural knowledge), 
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utilizing active teaching methods, and providing a caring, stimulating learning 

environment.  Including a high amount of content in the curriculum and requiring an 

unreasonable workload discourage a deep approach to learning.  Many teaching 

methods encourage students to take a deep approach to learning; these include 

problem-based and project-based learning, the use of lesson plans (more specifically 

instructional objectives), active learning, and cooperative learning.  Many of these 

teaching methods are based on concepts of constructivism and distributed cognition, 

which will be explained in section 2.3.2. Learning Theories. 

Intellectual development refers to the progression of a learner from a novice 

towards an expert.  There are many different models of intellectual development, four 

of which are frequently described in the literature.  Perry’s Model of Intellectual 

Development is the model that has widespread application in engineering education.  

The King-Kitchener Model of Reflective Judgment is most frequently used outside of 

engineering education (King and Kitchener).  The low levels of these models 

correspond closely (these are the levels that are applicable to college students).  A 

third model, Baxter Magolda’s Model of Epistemological Development integrates the 

two previous models and defines a different pattern for males and females. The 

developmental pattern of Perry’s and Baxter Magolda’s models will now be described.  

The lowest levels (Baxter Magolda’s absolute knowing and Perry’s dualism) are 

described by Kroll as “ignorant uncertainty” (Kroll).  Students in these levels believe 

that knowledge is certain, there is only one correct answer to intellectual and moral 

questions, and that the authorities know all answers.  The next level (Baxter 

Magolda’s transitional and independent knowing and Perry’s multiplicity) are 
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described by Kroll as “intelligent confusion.”  Students in these levels recognize that 

knowledge is contextual and they begin to decrease their reliance on authorities.  The 

following level (Baxter Magolda’s contextual knowing—the highest level within this 

model, and Perry’s contextual relativism) is the point where students finally reject the 

concept that some people know everything and begin to construct their own 

knowledge (using other’s ideas, their intuition, and their objective analysis).  The last 

described level is attained by a small percentage of college students. 

Felder and Brent proposed instructional conditions that can be used to promote 

the transition from lower to higher intellectual development levels (“Intellectual 

Development”).  Students’ beliefs must be challenged in order to move to a higher 

developmental level; however, they must be supported to meet these challenges so that 

they are not challenged too much and feel threatened, which can cause them to remain 

at the same level or withdraw to a lower level.  Felder and Brent’s proposed 

instructional conditions strike a balance between challenge and support (“Intellectual 

Development”).  The instructional conditions are as follows: variety and choice of 

learning tasks; explicit communication and explanation of expectations; modeling, 

practice, and constructive feedback on high-level tasks; a student-centered 

instructional environment; respect for students at all levels of development.  These 

instructional conditions are only speculative, further research that involves 

implementing these recommendations and assessing them is required. 

2.3.2. Learning Theories 

The typical engineering classroom that was described at the beginning of this 

section would be an effective way to teach if student’s heads could be opened up and 
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filled with knowledge.  However, people construct new knowledge based on what they 

already know and believe (NAE How People Learn).  In order for a student to 

effectively learn something, their previous knowledge (false beliefs and incomplete 

understandings) must be reconciled.  The teacher builds on the student’s previous 

knowledge so that the student can progress to a more mature learner.  However, if 

their previous knowledge is never addressed, the student’s understandings may 

become very different than intended.  This concept that people learn by constructing 

knowledge based on what they already know and believe is called constructivism.   

Active learning or student-centered learning occurs when students take control 

of their own learning (NAE How People Learn 12).  Active learners seek to 

understand complex information and are better prepared to transfer what they have 

learned to new situations (NAE How People Learn 13).  In a student-centered 

environment, the professor is a facilitator; the focus is taken away from the professor 

and is centered on the learner (Sierra “Ten Tips”).  The professor creates learning 

experiences for the student, i.e. the emphasis is shifted from teaching or training to 

learning.  This active learning environment is contrasted to a typical engineering 

learning environment in which the professor presents the knowledge to the class and 

expects them to absorb it. 

In an active learning environment, the students teach each other, the students 

teach the professor, and the professor teaches the students, i.e. distributed cognition.  

Distributed cognition, according to engineering educator Dorothy Winsor, “treats 

thinking not as an action that takes place wholly inside an individual’s head, but rather 

as an activity that is distributed among the individual, other people, the physical 
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environment, and the tools the person uses, including language and such language 

structures as genres” (Winsor 6).  The learners’ knowledge construction process is 

aided by an environment of distributed cognition in which participants at all levels 

(experts, mentors, accomplished novices, and novices) teach and learn from each other 

(NAE How People Learn 279).  

Peer and near peer learning refer to distributed cognition that occurs amongst 

peers (i.e. students at a similar developmental level) and near peers (i.e. students that 

are at slightly different intellectual developmental levels).  In explaining a particular 

concept to peers, the student discovers the gaps in their understanding.  When students 

have different levels of understanding of a particular concept, the ones with the lower 

level of understanding learn from the ones that have a slightly higher level of 

understanding.  The students with the higher level of understanding form a deeper 

understanding of the concept by explaining it to others (Donath et al. 406, 408). 

The zone of proximal development refers to the distance between a specific 

student’s developmental level and the developmental level of their near peers 

(Vygotsky 86).  The intellectual development levels characterize a person’s mental 

development at a time in the past, while the zone of proximal development 

characterizes their mental development at a time in the future.  People can learn more 

from one another if the zone of proximal development is short, whereas when the zone 

of proximal development is too large less is learned (i.e. between a student and their 

professor) (NAE How People Learn 81).  
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2.4. SUMMARY 

This research project proposes to study the state of engineering educational 

programs in America and Australia, and to develop a plan to better prepare 

engineering students for the current and future world.  The review of engineering 

education in this chapter is describes the current state of the literature of engineering 

education.  Engineering educators believe that engineering education should be 

preparing students to thrive within the current and future society, a society in which 

technological float is disappearing and specialization of engineers is increasing.  

Engineering educators describe skills, attitudes, and values that are required for 

engineers to thrive in this society.  This review of engineering education concludes 

with a description of the current cognitive research and current learning theories.  

Knowledge of teaching and learning will be fundamental in teaching students to attain 

the skills, attitudes, and values to thrive in the current and future society.
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CHAPTER THREE 

COMPLEX SYSTEMS LITERATURE REVIEW

Today civilization is the organism we are a part of.  We are in the midst 

of a remarkable transition from the individual to the group, 

organization, and even to global civilization as a functioning unit.  

While this is a mind bending transition, it is a transition of opportunity 

for creating a world that works for everybody, on the global level and 

on the level of each individual. 

Yaneer Bar-Yam, Making Things Work 

 

This chapter is a compilation of complex systems literature.  The complex 

systems literature review begins with a general discussion of complex systems.  The 

remaining of the chapter is devoted to describing the intersections of engineering, 

education, and complex systems. 

3.1 COMPLEX SYSTEMS  

This section will discuss the language of complex systems, specific examples 

of complex systems, and ways that complex systems unite the disciplines.   
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3.1.1 The Language of Complex Systems 

Complex systems study is an emerging field; therefore there are no universally 

accepted definitions.  The president of the New England Complex Systems Institute, 

Bar-Yam, provides a definition for complex tasks and complex systems (“Unifying” 

381).  Complex tasks are problems that have more distinct possibilities than can be 

listed.  The more distinct possibilities that must be taken into account, the more 

complex the task.  Bar-Yam cautions that simplifying a complex problem by ignoring 

the possible responses can lead to catastrophic failures of the whole endeavor.  

Complex tasks are the result of complex systems.  Complex systems are systems with 

interdependent parts.  The underlying assumption of simple systems is that the sum of 

the parts is equal to the whole.  In complex systems, the relationship between the parts 

affects the behavior of the whole.  In other words, the sum of the parts is greater than 

the whole. 

Norman and Kuras (15) compiled complex systems definitions from various 

sources (Bar-Yam Dynamics; The Quantum; Holland; Kauffman).  Complex systems 

are systems: 

• “Whose structure and behavior is not deducible, nor may it be inferred, 

from the structure and behavior of its component parts; 

• Whose elements can change in response to imposed “pressures” from 

neighboring elements (note the reciprocal and transitive implications of 

this); 

• Which has a large number of useful potential arrangements of its 

elements; 
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• That continually increases its own complexity given a steady influx of 

energy (raw resources); 

• Characterized by the presence of independent change agents.” 

The study of complex systems is an emerging field; therefore the language of complex 

systems is discussed further.  The discussion of language will be subdivided into three 

areas: scale, state, and system behavior/motivation.   

In describing a complex system, different scales provide varying insights into 

the system (Bar Yam “General” 2, 3).  Scale is a measure of size that determines the 

level of detail provided in a description, e.g. large-scale and small-scale views.  

Emergence refers to the relationship between the small-scale view (i.e. the trees) and 

the large-scale view (the forest).  The description of a system is highly dependent on 

where the observer (point of reference) is located spatially (the position within space) 

and temporally (the position in time).  Time is important in complex systems, because 

complex systems change or evolve over time.  A larger-scale view can also provide 

insight into the environment (or context) in which a particular system operates.   

The state is a system’s characteristics at a specific point in time (Bar-Yam 

“General” 2, 3).  The number of possible states within a system is called possibilities.  

Within these possibilities, the likelihood of one state prevailing over another is often 

random.  Within complex systems, patterns often emerge.  Patterns are arrangements 

of relationships that are characteristic to a specific system (Capra Web 80).  Self-

organization refers to the emergence of patterns that are imposed from within the 

system (Bar-Yam “General” 2, 3).   
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Within complex systems, the behavior and motivations of the system become 

important (Bar-Yam “General” 2, 3).  The interrelationships of the parts of a system 

affect the behavior of the whole system.  Interdependence describes a system whose 

behavior of the parts are interrelated.  The parts or individuals within a system can 

have selfish or altruistic motivations.  Selfish motivations are motivations that 

promote gain of one’s self at the expense of others, while altruistic motivations are 

motivations that promote gain of other’s at the expense of one’s self.  Competition 

describes the behavior of individuals within a system that are acting selfishly; the 

individuals are encouraged by an exclusive gain.  Cooperation describes the behavior 

of individuals within a system that are acting altruistically; the individuals are 

encouraged by a mutual gain.  Often, cooperation occurs when the individuals act in a 

coherent way, i.e. all of the individuals are doing the same thing.  Systems that 

change in response to their environment are adaptive.  Within a population, 

adaptation can lead to traits that are replicated and selected from one generation to 

another, i.e. evolution.  The behavior of a part or individual within a system can 

eventually influence that part or individual again, this cycle is described as feedback.   

Complex systems emerge in the border between chaos and order (Hock 29).  

The founder and CEO Emeritus of VISA International coined the term chaordic 

systems to describe complex systems.  He defines chaord as: 

1. any self-organizing, self-governing, adaptive, nonlinear, complex 

organism, organization, community, or system, whether physical, 

biological, or social, the behavior which harmoniously combines 

characteristics of both chaos and order 2. an entity whose behavior 
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exhibits observable patterns and probabilities not governed or 

explained by constituent parts 3. any chaotically ordered complex 4. an 

entity characterized by the fundamental organizing principle of 

evolution and nature 

Dee Hock describes the dominant way that people think, the nature of organizations, 

and the structure of Western industrial society as being mechanistic, based on 

Newtonian science and Cartesian philosophy (55-57).  This mechanistic way of 

thinking has permeated all of society.  Within organizations, communities, and 

systems, engineers strive to develop organizations, communities, and systems in which 

a button can be pushed at one place and the desired result will occur at another.  This 

can be done for simple systems, but in complex systems this simple cause/effect 

relationship does not sufficiently predict a system’s behavior.  This mechanistic view 

leads to more reductionist scientific knowledge, more specialization, more technology, 

more efficiency, more linear education, more rules and regulations, and more 

hierarchal command and control with the goal of controlling and predicting the 

behavior of systems by studying the parts.  Chaordic systems are complex systems.   

3.1.2 Complex Systems Examples 

In order to establish the meaning of complex systems, some examples will be 

provided (Bar-Yam Dynamics 2, 4).  Some examples of complex systems are the 

following: families, governments, the human body (a physiological perspective), a 

person (psychosocial perspective), the brain, the ecosystem of the world, sub world 

ecosystems (desert, rain forest, and ocean), weather, a corporation, and a computer.  

Some examples of simple systems are the following: an oscillator, a pendulum, a 
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spinning wheel, and an orbiting planet.  These examples help one understand the 

differences between simple and complex systems.  Think about a family as a complex 

system.  A family has parts, for example my family has five individual people—a 

mother, a father, and three daughters.  Each person within my family has relationships 

with the other individuals in the family.  Each of these relationships is different—they 

were connected to the qualities of the individuals.  My family did not only interact 

with each other, but we interacted with the outside world.  Depending on the scale that 

you viewed my family, it would change.  By looking at the family on a larger scale, it 

would include extended family members (i.e. grandparents, aunts, uncles, cousins).  

This leads to the consideration of spatial and temporal scales.  My immediate family 

lived together in a house for many years.  After time, the daughters grew up and 

moved away to college.  With time our spatial scale grew.  The parts of the family 

have also changed over time.  On Christmas, my family consisted of two parents, three 

daughters (one of which flew in from Texas), and two son-in-laws (two of the 

daughters have married).  With time the individuals in the original family have 

changed, the relationships among the members have changed, and the actual 

composition of the family has changed.  A family is a complex system.   

Another example of a complex system is an ecosystem.  An ecosystem is “a 

community of organisms and their physical environment interacting as an ecological 

unit,” (Lincoln, Boxshall, and Clark 33).  The study of complex ecosystem dynamics 

has recently become synonymous with the term biocomplexity.  Biocomplexity has 

been defined by Michener and colleagues as: 
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properties emerging from the interplay of behavioral, biological, 

chemical, physical, and social interactions that affect, sustain, or are 

modified by living organisms, including humans (1018). 

Biocomplexity is an emerging field which recognizes the limitations of viewing 

ecosystems from the traditional simple systems frame of reference and is attempting to 

study ecosystems from the complex systems frame of reference.  Rather than 

attempting to simplify systems so that they can be studied with traditional reductionist 

techniques, biocomplexity recognizes that the special evolutionary and emergent 

properties of living systems can be understood by studying the complex system.  The 

special properties of ecosystems recognized in biocomplexity studies include emergent 

and evolutionary behavior, unpredictable behavior brought about by non-linear 

dynamics, hierarchical system organization, and interactions spanning multiple system 

levels or spatiotemporal scales (Russell, Peters, Craig, and Coull) 

3.1.3 Uniting the Disciplines through Complex Systems 

To gain expertise in a different discipline, it has been assumed that one must 

start over by moving into the other discipline (separate from and unrelated to the 

previous discipline) (see fig. 3.1.a.).  However, in complex systems, the view is that all 

disciplines have universal, complex systems properties.  Tools that have been adapted 

for a specific discipline to deal with complexity can be transferred to other disciplines 

(see fig. 3.1.b.).  The universal principles will not replace the need for detailed study 

within disciplines; however they will help guide and simplify the inquiries into the 

specifics.    
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Fig. 3.1.  Conceptual Illustration of the Space of Scientific Inquiry, (a) Traditional, 

Simple Systems Approach, Separating the Disciplines, (b) Complex Systems 

Approach, Unifying the Disciplines (Bar-Yam Dynamics 3) 
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3.2 INTERSECTIONS OF COMPLEX SYSTEMS, ENGINEERING, AND 

EDUCATION 

Engineering education is not directly addressed in the complex systems 

literature.  However, engineering and education are addressed separately.  Complex 

systems are starting to be addressed in the engineering education literature. 

3.2.1 Engineering in the Complex Systems Literature 

Engineers and scientists strive to understand how things work (Bar-Yam 

“General” 2).  In order to understand how things work, engineers and scientists 

separate objects of study into smaller parts.  The smaller parts are studied independent 

of one another, then reassembled into the whole.  The guiding principle is that if a 

person understands how the individual parts work, they will understand how the larger 

object works, i.e. a simple systems approach.  When engineers and scientists study 

these smaller parts individually, they realize that these parts can be broken down into 

smaller parts.  This pattern of breaking the parts into smaller and smaller parts 

continues to the point that the engineer or scientist forgets what he or she was initially 

trying to understand (the whole system).  A problem with breaking down objects (or 

systems) into smaller and smaller parts, is that the relationships between the parts is 

never considered.  While the study of parts has helped engineers and scientists 

understand the physical world, the relationship between parts has been largely ignored.  

Engineers typically assume that the problem is in the parts, when the problem is 

actually in the relationships between them.   

Bar-Yam explains that the failures of many large-scale, high-investment 

projects can be attributed to ignoring the relationships between the parts (Making 223-



 

43 

227).  Examples of these are the failure of design and implementation of a new air-

traffic control system (1982-1994, 3-6 billion dollars, scrapped), Air Force advanced 

logistics system (1967-1975, 250 million dollars, scrapped), Internal Revenue Service 

tax systems modernization projects (1989-1997, 4 billion dollars, scrapped), and the 

London ambulance service computer aided dispatch system (1991-1992, 2.5 million 

dollars, 20 lives, scrapped).   

While there are more complex projects as time continues, complex projects 

have always been present (Bar-Yam Making 227-8).  Engineers have found ways to 

cope with complex projects.  These strategies of coping with complex projects are 

ineffective because they fail to consider the interdependence of the parts.  One 

strategy, modularity (a simple systems strategy), involves breaking down a system into 

parts and working on them individually.  Modularity assumes that the sum of the parts 

is equal to the whole.  The relationships between the parts of the system are not 

considered until the end when the system is assembled.  This modularity strategy can 

be detrimental to a complex system as was the case in the failure of the large scale, 

high investment projects described above.  Another strategy, abstraction, deals with 

determining the most relevant properties of a system and ignoring the rest.  The 

existing strategies that are used to deal with complex systems are inadequate, as has 

been proven by the failure of many large-scale engineering projects.   

A new way for scientists and engineers to deal with complex systems is needed 

(Bar-Yam Making 228-32).  This will require a shift in the way that engineering 

projects are approached from conceptualization to implementation.  Complex systems 

provide two approaches to complex engineering projects: simplifying objectives and 



 

44 

evolutionary engineering.  Simplifying objectives involves reducing the complexity of 

the objectives involved in a project.  The less complex a project is, the easier it will 

move from conceptualization to implementation.  For example, when developing a 

new line of a product a team may brainstorm ideas and produce a lengthy “wish list” 

for the project.  Alternatively, another way to develop a new line of a product would 

be to take the existing product and apply a minimum set of capabilities.  The former 

way will become very complex with unrealistic expectations.  The latter way will 

easily move from conceptualization to implementation.  Simplifying objectives is not 

always an option, but should be considered in the early stages of reforming or 

developing an engineered system.  Evolutionary engineering is another approach to 

complex engineering projects.  This approach involves mimicking the natural 

ecological processes of evolution.  Instead of implementing a new system at once, a 

new system is implemented gradually by making incremental changes to the existing 

system.  This evolutionary process allows competition and collaboration to guide the 

changes that are most effective.  This will involve multiple teams working on the same 

problem separately.  Each team will incrementally introduce alternative components to 

the existing system.  These alternative components are introduced in separate parts of 

the system to allow for competition amongst the separate parts.  The component that is 

more effective will guide which components will be introduced throughout the system.  

In having separate teams working on the same problems, variety and local competition 

will be embraced.  Innovations will likely result by introducing a variety of 

possibilities and encouraging competition amongst the teams.  By introducing the 

parts in parallel, redundancy and robustness is ensured.  This evolutionary approach 
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does not require the engineers to abandon the conventional way to design and develop 

components for engineered systems.  However it does change the process of 

developing an engineered system.  In the evolutionary engineering process, humans 

and machines are both included as parts of the system.  Changes in the way that people 

are trained and how people interact are also modifications of the system and should be 

introduced incrementally.  For more information about evolutionary engineering and 

examples see Bar-Yam’s book, Making Things Work. 

This complex systems approach could permeate the way that engineers and 

scientists think about problems, the way that they work together, composition of 

teams, processes that they use to solve problems, and even the way that they are 

prepared to become professionals in society. 

3.2.2 Education in the Complex Systems Literature 

Education in the complex systems literature focuses on discussions of 

educational system reform (taking a complex systems approach to education) (Bar-

Yam Making 177-97).  This discussion focuses on the reform of educational systems 

of children.  The educational system is based on an industrial model, which strives to 

have students complete school with the same education and the same knowledge as 

one another.  In this system the standardized tests measure the success of an 

educational program.  This model may have been appropriate in the industrial age, but 

is not appropriate in the post-industrial age (the information age and the conceptual 

age) (Bar-Yam Making 182-197; Covey 12-24; Hock 55-57; Pink 48-51; Senge et al. 

27-58).  In the industrial age, much of the population consisted of factory workers; in 

the information age--knowledge workers, and in the coming conceptual age--creators 
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and empathizers (Pink 48-51).  In the present information age and the coming 

conceptual age, society will not be benefited by an educational system which 

encourages students to be the same (Bar-Yam Making 182-97).  Instead, it will be 

beneficial to society as a whole for the education system to encourage variety amongst 

students.  The concept of “niche selection,” borrowed from evolution, can be applied 

to the education system.  In evolution there are a variety of ways that a plant or animal 

can be successful.  This is also true for people.  There are many possible careers or 

specializations that a person can choose.  In order to prepare students to transition into 

diverse professions, the educational system must focus on each individual child, not 

on a uniform strategy.  This will require many modifications to the present educational 

system, but will be imperative for children to be prepared to be productive members of 

our complex society.  See Bar-Yam’s Making Things Work for a more thorough 

discussion of educational reform (177-97). 

There is also some discussion within the complex systems literature on 

incorporating complex systems into educational programs (Jacobson et al.).  Including 

complex systems study in the educational system has some exciting prospects.  The 

cross-disciplinary nature of complex systems has the potential to change the way that 

students think.  This new way of thinking could better prepare students to deal with 

the demands of the 21st century. 

There are challenges in teaching and learning complex systems (Jacobson et 

al.).  This can be attributed to the counter-intuitive nature of complex systems.  For 

example, it is intuitive for many people that small actions result in small effects, while 

large actions result in large effects.  However, in complex systems a small action may 



 

47 

interact within a system and result in a large effect (Jacobson et al.).  Researchers 

suggest that people prefer explanations that are simple (i.e. the cause and effect is 

linear, central control is present, and the focus is on outcomes).  Researchers also 

suggest that people are resistant to complex systems thinking (i.e. self-organization 

concepts, decentralized processes, and focus on processes) (Feltovich, Spiro, and 

Coulson; Resnick; Wilensky and Resnick).  Complex systems study is a challenging 

subject to teach so that students learn it effectively.  Jacobson et al. suggest that the 

pedagogical approach to teaching and learning complex systems effectively is one that 

embraces constructivism and distributed cognition (Jacobson et al.). 

Jacobson and his colleagues propose pedagogical principles to embrace to 

teach complex systems.  The first principle is to connect with the student’s passions, 

interests, and experiences.  Providing a context that shows the relevance of the 

complex systems approach to their lives or real world activities will result in more 

passion and interest in the students, which can result in a better understanding of 

complex systems.  Another principle is to provide an authentic experience of complex 

systems phenomena.  For example, students could make observations of ants foraging.  

A limitation to observing ants foraging is that students cannot directly observe 

everything that is important in the system (for example, the pheromone that is released 

when a food source is found).  In the past, the only tools to portray non-observable 

science phenomena were pictures, text, and speech.  This limitation can now be 

overcome using computers, which have the capabilities to portray visual simulations 

of phenomena that are not directly observable (at both a micro-scale and a macro-

scale).  The teaching of complex systems phenomena can be greatly enhanced with the 
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use of computer simulations.  The third principle is to make core complex systems 

concepts explicit to the learner.  Some examples of making complex systems explicit 

are focusing on the positive feedback of ants foraging for food and bacteria evolving to 

be resistant to antibiotics.  Without making these complex systems concepts explicit to 

the learner, they can miss the connection between the example and complex systems.  

Another principle is to embrace the constructivist and distributed cognition theories in 

the classroom.  This involves encouraging the students to collaborate, discuss, and 

reflect.  It also involves creating a learning space in which the students are active 

learners instead of passive learners, i.e. involving the students in the creation of 

theories, experiments, and models.  The final principle is to teach students so that they 

have a deep understanding of complex systems, in contrast to a superficial or shallow 

understanding.  In order for students to understand complex systems at a deep level, it 

will need to be studied in courses throughout their educational development.  This will 

help students realize that complex systems knowledge applies across many disciplines. 

Complex systems should not be another subject that is simply added to the 

existing curriculum.  Many science curricula cover too many subjects that results in 

students not having a good understanding of a single subject (NRC).  Complex 

systems can provide a conceptual framework that could be used across many 

disciplines (sciences and social sciences) (Bar-Yam Dynamics).  Complex systems can 

be used to help unify courses that are typically considered independent of one another.  

For example, positive feedback and self-organization can be applied to biological 

systems, such as in ant colonies, and can be applied to social sciences, such as 

economics and income distribution patterns (Jacobson et al.).   
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A complex systems based curricula could function as a conceptual 

framework that would allow both for depth of coverage related to 

specific science and social science subjects and for cross-disciplinary 

conceptual ‘hooks’ that could help students apply or transfer their 

knowledge to new situations and problems. 

By implementing a curriculum with a conceptual grounding in complex systems, the 

cross-disciplinary connections can become clearer to students, which is increasingly 

important. 

In order to stress understanding and application of complex systems 

knowledge to problems, continuous assessment techniques will need to be 

implemented (Jacobson et al.).  Assessment techniques that are commonly used in a 

typical classroom stress memorization of facts and procedures.  Examples of 

continuous assessment techniques are student portfolios of projects and student-

constructed multi-agent models. 

3.2.3 Complex systems in the engineering education literature 

The topic of complex systems is starting to appear in the engineering education 

literature.  In the Engineer of 2020 project, a need is expressed for a new approach to 

tackle large engineering projects.  The committee discusses a need for systems 

engineering, and within the discussion of the need for systems engineering they 

discuss complexity.  While this is not directly applying complex systems to 

engineering education, it is a start. 

In The Engineer of 2020: Visions of Engineering in the New Century (NAE 

35, 36), the committee discusses a need for a systems perspective in facing 
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contemporary challenges.  The committee describes a systems perspective as “one that 

looks to achieve synergy and harmony among diverse components of a larger theme.”  

This is in line with the fundamental definition of complex systems.  In complex 

systems, one must consider the relationship of the parts.  Within this systems 

perspective, the relationship amongst the components (or parts) is stressed.  The 

committee discusses complexity and presents a complexity model (see fig. 3.2) that 

indicates the need for an understanding of non-technical constraints (i.e. legal, market, 

political) in addition to technical constraints in order to fully understand contemporary 

challenges.  The complexity model describes “old versus new” methodologies that are 

used to tackle “old versus new” challenges.  There is a higher confidence in the 

solution amongst engineers when they use old ways.  The committee indicates new 

ways to tackle new problems in the complexity model.  These include the following: 

modeling complex systems, collaborating (working in teams to solve problems), and 

developing innovative ways to apply new technology.   
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Fig. 3.2. Complexity Model (NAE Engineer 36) 

The National Science Board has also discussed a need for a complex systems 

approach in attracting, retaining, and continuously educating a science and 

engineering workforce.  In 2003, the National Science Board reported that  

The organizational structures and processes for educating, maintaining 

skills, and employing science and engineering talent in the workforce 
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are diverse and their interrelationships complex and dynamic.  As a 

result, production and employment of scientists and engineers are not 

well understood as a system (26). 

The National Science Board has indicated that there is a need to understand the 

complex systems in educating engineers. 

In the author’s previous research and current research, complex systems study 

has been defined as an awareness and understanding of the interrelationships of 

engineered systems with technical and non-technical (i.e., economical, social/cultural, 

environmental, ethical, and global) systems (Craig et al. “Benchmarking”; Craig et al. 

“Embracing”; Craig et al. “Incorporating”; Craig et al. “Integrating”; Craig, Maher, 

and Peters “Recipe”; Kellam “Benchmarking”; Kellam “Comparison”; Kellam 

“Faculty”; Kellam “Student”).  Thus, complex systems study is the study of a holistic 

system and its interactions with other systems (Amaral and Ottino), and it is laying the 

foundation for all sciences to move beyond reductionism into holism (Li et al.).  In the 

realm of engineering, complex systems study requires the engineer to consider not 

only the technical aspects of a system, but also the social, environmental, economical, 

ethical, and global aspects (Kellam “Benchmarking”).  Characteristics that embody a 

complex systems thinker include the ability to take a multi-scale perspective, the 

ability to understand the interrelationships between different parts of a system, a 

strong macro-ethic (defined as an overarching ethical framework for understanding the 

intersection between human engineered systems and earth systems (Russell and 

Peters)), creativity and flexibility in thought, a strong business sense, the ability to 

empathize with other people, good communication skills (formal and informal), good 



 

53 

metacognitive (ability to self-assess) skills, and an aptitude for lifelong learning.  

Although the term “complex systems study” is not typically used in the realm of 

engineering education, it encompasses many of the concerns that have been discussed 

throughout the history of engineering schools. 

During most of the twentieth century, stakeholders from the engineering 

community have noted a disjuncture between engineering education and engineering 

practice.  The knowledge, skills, and abilities students learned in their undergraduate 

engineering curricula aligned poorly with those needed by practicing engineers.  For 

example, as early as 1918, the Carnegie Foundation reported industry’s concern 

regarding the state of engineering education (Mann 92).   

The professional criticisms of the [engineering] schools indicate that 

this field offers the greatest opportunity for effective changes in current 

practice, because lack of good English, of business sense, and of 

understanding of men, is most frequently mentioned by practicing 

engineers as points of weakness in the graduates of the schools. 

The “points of weaknesses” identified in the Carnegie Foundation report closely align 

with the characteristics of a complex systems thinker. 

Engineering education has changed during the last century to match evolving 

technologies and priorities. For example, after World War II, the focus of engineering 

education in the United States rapidly moved from developing practical skills, such as 

drafting and surveying, to developing the analytical skills underlying the study of the 

engineering sciences, such as Statics, Dynamics, Circuits, Calculus, and Physical 

Sciences (Seely).  While this shift was widely endorsed, some expressed caution; for 
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example, the 1956 Grinter report warned: “Engineering educators must never lose 

sight of the broad issues with which large engineering problems are always 

associated” (Grinter). 

By late the twentieth century, Evans and his colleagues’ survey of engineering 

employers and engineering alumni found that 

Both the industry group and the alumni rated communication skills, 

professionalism and ethics, and a responsible and open mind, above 

both depth and breadth of technical skills, and math and science skills. 

This is indicative of the mounting evidence that employers, especially 

those that are joining or that have joined the quality revolution, are 

desperate for people who do not have to learn on the job how to fit into 

a team-centered culture where communication, interpersonal skills, and 

professionalism, are as important as technical skills. 

After almost three-quarters of a century, concerns raised by the Carnegie Foundation 

study are mirrored in these survey results, pointing to the continued need to integrate 

complex systems study into the educational development of engineers.  

As noted above and echoing the same concerns, the president of the National 

Academy of Engineering, William Wulf, recently stated,  

Today’s student engineers not only need to acquire the skills of their 

predecessors but many more, and in broader areas.  As the world 

becomes more complex, engineers must appreciate more than ever the 

human dimensions of technology, have a grasp of the panoply of global 

issues, be sensitive to cultural diversity, and know how to communicate 
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effectively.  In short, they must be far more versatile than the 

traditional stereotype of the asocial geek (“Makeover”). 

In response to these ongoing concerns, the National Academy of Engineering 

established the Engineer of 2020 Project (NAE Engineer; NAE Educating), an effort 

that encourages collaborative, multidisciplinary teams of experts to address the 

increasing complexity and scale of systems-based engineering problems.  Team 

members must have the following attributes: “Excellence in communication (with 

technical and public audiences), an ability to communicate using technology, and an 

understanding of the complexities associated with a global market and social context” 

(NAE Educating), all attributes of a complex systems thinker.   

Meanwhile, leaders from the American Institute of Chemical Engineers, the 

American Society of Civil Engineers, the American Society of Mechanical Engineers, 

and the Institute of Electrical and Electronic Engineers have also addressed the need 

for engineers to solve problems involving complex physical, biological, and social 

systems (ASCE; ASME; Dorland; Dowell, Baum, and McTague).  For example, the 

American Society of Mechanical Engineers now promotes a  

shared vision of the future of mechanical engineering education in the 

context of new and rapidly emerging technologies and disciplines, 

national and global trends, societal challenges for the twenty-first 

century, and associated opportunities for the profession (ASME).  

In 2001, ABET began holding engineering schools accountable for more than 

just teaching the required subjects; engineering schools are also now accountable for 

what students are learning (Felder, “ABET”).  ABET requires that graduates meet a 
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specific set of outcomes (knowledge, skills, and attitudes) in addition to outcomes that 

address the individual program’s educational objectives.  ABET Engineering Criteria 

requires that graduates of accredited programs possess  

(a) an ability to apply knowledge of mathematics, science, and 

engineering; (b) an ability to design and conduct experiments, as well 

as analyze and interpret data; (c) an ability to design a system, 

component, or process to meet desired needs; (d) an ability to function 

on multidisciplinary teams; (e) an ability to identify, formulate, and 

solve engineering problems; (f) an understanding of the broad 

education necessary to understand the impact of engineering solutions 

in a global/societal context; (i) a recognition of the need for and an 

ability to engage in life-long learning; (j) a knowledge of contemporary 

issues; (k) an ability to use the techniques, skills, and modern 

engineering tools necessary for engineering practice (ABET).   

These accountability-based outcomes align with the characteristics described in the 

1918 Carnegie Foundation report, those in the Engineer of 2020 project, and those of a 

complex systems thinker (Mann; NAE Engineer; NAE, Educating). 

Thus, engineering experts appear to agree that engineering students should be 

prepared to analyze problems, design under varying non-technical constraints (e.g., 

social or environmental), communicate with people outside of their specific discipline, 

and remain lifelong learners in a rapidly changing world.  In other words, engineering 

experts concur that engineering students need to be educated as complex systems 

thinkers.  
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Research in engineering education is beginning to recognize that there is a 

need for a new way to model and understand engineering education and engineering 

projects.  Engineering education has recognized for years the need of teaching 

engineers in a different way.  Applying concepts of complex systems to engineering 

education will provide a way to effectively handle many of the emerging issues that 

are developing as the world becomes more complex. 

3.3 SUMMARY 

The complexity of systems is increasing (Bar-Yam “Unifying”).  There is a 

growing need for widespread understanding of complex systems in professions in 

which specialization is increasing.  Complex systems research and its applications 

may permeate “everything that we build, how we build it, and how we use and live 

with it” (Bar-Yam “Unifying”). 

Including complex systems study as an additional topic in the already 

overcrowded engineering curriculum is not a viable solution.  Instead, complex 

systems can be the conceptual framework for which all courses are taught.  This would 

be beneficial to the students, because they would become prepared to be effective 

professionals in a world in which systems are becoming more and more complex.  It 

will also be beneficial to students by providing a unifying theme that can be applied 

across traditional disciplinary boundaries.  This will provide a balance between 

breadth and depth.  The breadth of knowledge across disciplines will be connected by 

the conceptual framework of complex systems, while the depth of knowledge will still 

be provided within certain specializations.  Within disciplinary boundaries, complex 

systems can help students understand the connections between courses (engineering 
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sciences, sciences, and mathematics) that they have a tendency to overlook (Froyd and 

Ohland).
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CHAPTER FOUR 

ACCREDITATION AND CURRICULUM COMPARISON 

4.1. RESEARCH PURPOSE 

Differences in the structure underlying the educational system have significant 

effects on the educational development of students.  The underlying structure of 

engineering educational programs were described and compared by examining the 

accreditation criteria and typical mechanical engineering curricula from America and 

Australia. 

4.2. RESEARCH DESIGN 

A comparison of American and Australian engineering accreditation criteria 

provides a preliminary comparison of the two engineering educational programs 

(ABET; Engineers Australia Accreditation Board).  American engineering programs 

are accredited by ABET and Australian engineering programs are accredited by the 

Engineers Australia Accreditation Body.  The latest accreditation documents were 

systematically reviewed and compared at varying scales.  At the large scale, the length 

of the document and the number of categories that are used to group the criteria are 

compared.  At a smaller scale, the author examined each criterion for inclusion of 

input, content, outcomes, and process.  Of these categories, content is considered to be 

the most simple systems based and process is the most complex systems based.  Input 
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and outcomes have both simple systems and complex systems attributes.  Finally, at 

the smallest scale, the language associated with the graduate attributes was compared.  

The inclusion or exclusion of a professional development program in the accreditation 

criteria was also compared.   

A comparison of a typical, sample curriculum from America and one from 

Australia was made to determine the correlation or disjunction between the 

accreditation criteria and the educational experience of undergraduates.  The 

mechanical engineering curricula of each of the universities used in the study sample 

(see Chapter One, section 1.3.1 for a list of these universities) were examined to select 

a typical curriculum.1  The mechanical engineering curricula at AmerU and at AusU 

were selected as typical engineering curricula (names withheld for anonymity).  The 

curricula were selected to be typical based on comparing the percentage of technical 

electives, percentage of humanities, social sciences, and liberal arts electives, 

percentage of required courses, and number of hours required to graduate.  The 

AmerU and AusU mechanical engineering curriculum were chosen because (a) the 

curricula are observed to be typical mechanical engineering curricula  

                                                 
 
 
1 North Carolina State University (“Curriculum: (BS)), University of Arizona (“Bachelor of Science”), 
University of California, Irvine (“Department of Mechanical”), University of Kansas (“Mechanical 
Engineering Curriculum”), University of Minnesota, Twin Cities (“ME Semester”), University of 
Missouri, Columbia (“Mechanical Engineering Degree”), University of Nevada, Reno (“Curriculum” U 
of Nevada), University of South Carolina (“2001 Curriculum”; “ME Bachelor”), University of 
Tennessee, Knoxville (“Undergraduate Program”), Virginia Commonwealth University (“Curriculum” 
Virginia Commonwealth U), Monash University (“Monash Undergraduate”), University of Adelaide 
(“Undergraduate Academic”), University of Melbourne (“Undergraduates: Course Planning”), 
University of New South Wales (“Mechanical Engineering: Recommended”), University of Newcastle 
(“Programs”), University of Queensland (“Bachelor of Engineering”), University of Sydney (“Degree 
Structure”), University of Western Australia (“What is Mechanical”), University of Wollongong (“2006 
Course”) 
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from their respective country, and (b) these are the universities that will be studied in 

detail in the following chapters.  These two sets of curricula were first compared at a 

large scale, i.e. the course structure, number of courses per semester, number of 

contact hours per course, and number of weeks per semester.   

At a smaller scale, the courses were reviewed.  The percentage of fundamental 

(or required) and elective courses was compared for AmerU and AusU.  The amount 

of flexibility or rigidity within these courses was also compared. 

The limitations of this portion of the research project are that there was only 

one rater, the small number of curricula compared, the language or cultural 

differences, and the use of course titles and descriptions to deduce the contents of the 

course (design or complex systems integration).  Involving multiple raters would 

ensure that the results are more reliable, i.e. inter-rater reliability.   Increasing the 

number of universities mechanical engineering curricula that were compared would 

increase the validity of these results.  The differences in language or cultural 

differences between the American rater and the Australian criteria and mechanical 

engineering curricula could lead to unreliable results.  Finally, the course titles and 

descriptions may be an unreliable indicator of the inclusion of design.  Courses may 

have a design component without it being stated implicitly in the course title or 

description. 

4.3. RESULTS 

The extent of complex systems integration in undergraduate mechanical 

engineering programs was studied by examining the underlying structure of 
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engineering educational programs, i.e. the accreditation criteria and a mechanical 

engineering curriculum from AmerU and AusU. 

4.3.1. Accreditation comparison 

As discussed in the previous chapters, the last decade has brought about many 

societal, economic, technological, global, and environmental changes.  American and 

Australian engineering educators anticipated these changes in the 1993 ASEE report 

“Engineering Education for a Changing World” and in Engineers Australia’s 1996 

review “Changing the Culture: Engineering Education into the Future” (Dowell, 

Baum, and McTague; Engineers Australia).  Both advocated fundamental changes in 

engineering education and the recommendations resulted in the development of the 

current accreditation systems in America and Australia.  The intention of these studies 

was to initiate a paradigm shift in engineering education from an input- and content-

driven system to an outcomes- and process- based approach.   

At a large-scale view, there are some differences between the accreditation 

documents.  The list of American accreditation criteria spans three pages with an 

additional half of a page for each specific program (i.e. mechanical engineering), and 

the Australian accreditation criteria list spans 20 pages.  This difference in the length 

of the criteria documents suggests that the American accreditation criteria are less 

specific than the Australian criteria.   

There are eight American accreditation criteria (see table 4.1) and 21 

Australian accreditation criteria (see table 4.2).  The American accreditation criteria 

are divided into categories that describe the different parts of the system, i.e. students, 

program educational objectives, program outcomes and assessment, professional 
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component, faculty, facilities, institutional support and financial resources, and 

program criteria.  The Australian criteria are divided into the following broad 

categories: the academic program, the environment that the program operates within, 

and systems to ensure that the program is of a high quality.  

Table 4.1  

American Accreditation Criteria (ABET 1-3) 

ABET Criteria
1. Students
2. Program Educational Objectives
3. Program Outcomes and Assessment
4. Professional Component
5. Faculty
6. Facilities
7. Institutional Support and Financial Resources
8. Program Criteria
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Table 4.2  

Australian Accreditation Criteria (Engineers Australia Accreditation Board 7-17) 

Engineers Australia

1.1 Organizational structure and commitment to engineering education
1.2 Academic and support staff profile
1.3 Academic leadership and educational culture
1.4 Facilities and physical resources
1.5 Funding
1.6 Strategic management of student profile

2.1 Specification of educational outcomes
2.2 Titles of program and award
2.3 Program structure and implementation framework
2.4 Curriculum
2.5 Exposure to professional practice

3.1 Engagement with external constituencies
3.2 Feedback and stakeholder input to continuous improvement processes
3.3 Processes for setting and reviewing the educational outcomes specification
3.4 Approach to educational design and review
3.5 Approach to assessment and performance evaluation
3.6 Management of alternative implementation pathways and delivery modes 
3.7 Dissemination of educational philosophy
3.8 Benchmarking
3.9 Approval processes for program development and amendment
3.10 Student administration

1. The Operating Environment

2. The Academic Program

3. Quality Systems

 

A closer look at the criteria indicates that the American accreditation criteria 

have less of a focus on the relationship of the criteria to the program objectives.  An 

example of this is under ABET criterion 4, Professional Component, which specifies 

course subjects to be offered and the length of time that they should be offered, i.e. 

“one year of a combination of college level mathematics and basic sciences (some 

with experimental experience) appropriate to the discipline.”  The Engineers Australia 

accreditation criterion 2.3 also specifies a program structure: “mathematics, science, 
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engineering principles, skills and tools appropriate to the discipline of study (not less 

than 40%).”  The Australian criterion specifies that, “the structure should be 

sufficiently flexible to provide for any variance in the background and prior learning 

of students as well as for the differences in individual learning ability.”  The 

Australian criterion also discusses the relation of the criterion to the educational 

objectives of the program.   

A holistic approach to educational design will ensure that the individual 

learning outcomes and performance measures within each academic 

unit aggregate systematically to deliver the educational outcomes 

targeted for the overall program.   

The Australian accreditation criteria are considerably longer than the American 

accreditation criteria, because of a focus on the relationship between the criterion and 

the program objectives.  This addresses the interrelationships of the parts of a system 

(a complex systems approach).   

The American and Australian accreditation criteria address input, content, 

processes, and outcomes (see tables 4.3 and 4.4).  Examining the American and 

Australian accreditation criteria with regard to these categories, a pattern of behavior 

emerges (see fig. 4.1).  The American accreditation criteria have a focus on outcomes 

(6 of 8 or 75% of the criteria address outcomes) and content (4 of 8 or 50%), with less 

of a focus on input (3 of 8 or 37.5%) and processes (2 of 8 or 25%).  The Australian 

accreditation criteria have a focus on processes (13 of 21 or 61.9%), with less of a 

focus on input (9 of 21 or 42.9%), outcomes (9 of 21 or 42.9%), and content (5 of 21 

or 23.8%). 
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Table 4.3. 

American Accreditation Criteria Coded as (a) Content, (b) Input, (c) Outcomes, and 

(d) Processes 

ABET Criteria (a) (b) (c) (d)
1. Students
2. Program Educational Objectives
3. Program Outcomes & Assessment
4. Professional Component
5. Faculty
6. Facilities
7. Institutional Support & Financial Resources
8. Program Criteria

 

Table 4.4. 

Australian Accreditation Criteria Coded as (a) Content, (b) Input, (c) Outcomes, and 

(d) Processes 

Engineers Australia (a) (b) (c) (d)

1.1 Organizational structure & commitment to engineering 
1.2 Academic & support staff profile
1.3 Academic leadership & educational culture
1.4 Facilities & physical resources
1.5 Funding
1.6 Strategic management of student profile

2.1 Specification of educational outcomes
2.2 Titles of program & award
2.3 Program structure & implementation framework
2.4 Curriculum
2.5 Exposure to professional practice

3.1 Engagement with external constituencies
3.2 Feedback & stakeholder input to continuous improvement 
3.3 Processes for setting & reviewing the educational outcomes 
3.4 Approach to educational design & review
3.5 Approach to assessment & performance evaluation
3.6 Management of alternative implementation pathways & 
3.7 Dissemination of educational philosophy
3.8 Benchmarking
3.9 Approval processes for program development & amendment
3.10 Student administration

1. The Operating Environment

2. The Academic Program

3. Quality Systems
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Fig. 4.1. Percentage of Criteria that Address Outcomes, Content, Input, and Processes  

This difference of focus on outcomes and content in the American 

accreditation criteria versus the focus on processes in the Australian accreditation 

criteria is discussed further by studying a specific example.  Both the American and 

Australian criteria include a criterion that lists the graduate outcomes.  Under ABET 

criterion 3, Program Outcomes, the graduate attributes are first defined, followed by a 

vague description of recommended processes.   

There must be processes to produce these outcomes and an assessment 

process, with documented results, that demonstrates that these program 

outcomes are being measured and indicates the degree to which the 

outcomes are achieved. 

This varies from the parallel Australian criterion, which provides a more detailed 

description of the process.   
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Each graduate capability target should ideally include measurable 

performance indicators to provide a basis for monitoring the level of 

attainment.  The multi-dimensional performance metric in each case is 

likely to involve quantitative and qualitative measures with inputs from 

a range of sources.  Such measures would draw considerably on formal 

assessment processes from within academic units as well as from the 

feedback and direct input of various constituencies. 

This difference of focus on outcomes and content in the American accreditation 

criteria versus the focus on processes in the Australian criteria suggests that there is a 

fundamental difference in the way that these accreditation agencies expect engineering 

programs to approach educational program development and assessment.  Further, this 

difference in the criteria suggests that the American accreditation criteria are more 

simple systems based (focus on parts: content and outcomes), while the Australian 

accreditation criteria are more complex systems based (focus on processes).  However 

both sets of criteria are transitioning away from an emphasis on simple systems 

(content-based criteria).  The previous American and Australian accreditation criteria 

were based on content. 

Both sets of criteria include a list of graduate attributes.  These graduate 

attributes are found under ABET criterion 3, Program Outcomes and Assessment and 

under Engineers Australia Criterion 2.1, Specification of Educational Outcomes.  The 

American graduate attributes are listed in the first column of table 4.5 with the similar 

Australian attribute listed on the same row.  The difference that stands out the most 

between the two sets of criteria is the emphasis on the environment, and sustainable 



 

69 

design and development in the Australian criteria.  The Australian criterion has 

stronger words associated with the ‘softer’ skills.  Examples of these are 

“responsibilities,” “expectations,” and “commitment” versus words such as 

“understanding” and “recognition” that are used in the American criterion.  
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Table 4.5. 

American and Australian Accreditation Criteria Concerning Graduate Attributes  

America (ABET 1-3) Australia (Engineers Australia Accreditation 
Board 7-17)

Engineering programs must demonstrate that 
their students attain:

All programs ensure that their engineering 
graduates develop to a substantial degree the 
generic attributes listed below:

(a) an ability to apply knowledge of 
mathematics, science, and engineering

(a) ability to apply knowledge of basic science 
and engineering fundamentals

(b) an ability to design and conduct 
experiments, as well as to analyze and 
interpret data

(c) an ability to design a system, component, or 
process to meet desired needs within realistic 
constraints such as economic, environmental, 
social, political, ethical, health and safety, 
manufacturability, and sustainability

(e) ability to utilize a systems approach to 
design and operational performance

(d) an ability to function on multi-disciplinary 
teams

(f) ability to function effectively as an 
individual and in multi-disciplinary and multi-
cultural teams, with the capacity to be a leader 
or manager as well as an effective team 
member

(e) an ability to identify, formulate, and solve 
engineering problems

(d) ability to undertake problem identification, 
formulation and solution

(f) an understanding of professional and ethical 
responsibility

(i) understanding of professional and ethical 
responsibilities and commitment to them

(g) an ability to communicate effectively
(b) ability to communicate effectively, not only 
with engineers but also with the community at 
large

(h) the broad education necessary to understand 
the impact of engineering solutions in a global, 
economic, environmental, and societal context

(g) understanding of the social, cultural, global 
and environmental responsibilities of the 
professional engineer, and the need for 
sustainable development

(i) a recognition of the need for, and an ability to 
engage in life-long learning

(j) expectation of the need to undertake lifelong 
learning, and capacity to do so

(j) a knowledge of contemporary issues
(k) an ability to use the techniques, skills, and 
modern engineering tools necessary for 
engineering practice

(c)  in-depth technical competence in at least 
one engineering discipline
(h) understanding of the principles of 
sustainable design and development
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Another difference that stands out between the American and Australian 

accreditation criteria is the inclusion or exclusion of required industrial experience.  In 

the American accreditation criteria, the only mention of industrial experience is under 

Criterion 5, Faculty.  ABET requires that there is enough faculty to accommodate 

interactions between students and industrial practitioners, professional practitioners, 

and employers of students.  This varies greatly from the Australian accreditation 

requirement concerning industrial experience--criterion 2.5, Exposure to Professional 

Practice.  Engineers Australia requires twelve weeks of professional practice exposure.  

They strongly advocate first-hand, practical experience in an engineering environment 

outside of the teaching establishment, however will accept the equivalent of 12 weeks 

of exposure through the following:  

• “Mandatory exposure to lectures on professional ethics and conduct, 

• Use of guest presenters, 

• Industry visits and inspections,” 

•  “Industry research for feasibility studies, 

• Study of industry policies, processes, practices, and benchmarks,” 

• “Direct industry input of data and advice to problem solving, projects, 

and evaluation tasks, 

• Electronic links with practicing professionals, and 

• Case studies.” 

Engineers Australia differentiates between practical work exposure that is 

incorporated in the curriculum and that which is in addition to the curriculum.  If the 

practical work exposure is incorporated in the curriculum, there must be assessment 
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procedures that are comparable to the courses that offer the same credit.  If the 

practical exposure is in addition to the curriculum, it does not need to be formally 

assessed; however, there need to be ways of assessing the educational objectives of the 

whole program.  This could be done with a required journal or paper at the end of the 

work experience.  The Australian accreditation criteria explain the reasons that there is 

a requirement for practical work exposure.   

It is clearly unsatisfactory for the student’s perceptions of engineering 

to develop, over the first four critical years, in complete isolation from 

the realities of practice.  There is obvious benefit in ensuring that at 

least an element of professional formation is interwoven with the 

academic curriculum, to provide a balanced perspective and relate 

academic preparation to career expectations. 

The Australian perspective of the importance of incorporating professional experience 

into the educational development of undergraduate students is different from 

America’s perspective.   

4.3.2. Curriculum comparison 

At a large-scale view the curricula look similar, they consist of classes that 

occur over two semesters, each semester contains four to five courses, and the 

curricula span over four years (see tables 4.6 and table 4.7).  The AmerU curriculum 

requires five courses per semester (while four courses or 12 hours is considered full 

time) and the AusU curriculum averages four courses per semester.   
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Table 4.6. 

AmerU Mechanical Engineering Curriculum by Semester, Includes the Credits and the 

Contact Hours (“ME Bachelor”; “2001 Curriculum Electives”) 

FALL cr. c.hr. SPRING cr. c.hr.
Calculus I 4 6 Graphics and Visualization 3 3
General Chemistry I 4 6 Calculus II 4 6
Composition 3 3 General Chemistry II 4 6
History Elective 3 3 Essentials of Physics I & Lab 4 6
Freshman Elective1 3 3 Composition and Literature 3 3
Semester Totals 17 21 Semester Totals 18 24

FALL cr. c.hr. SPRING cr. c.hr.
Statics 3 3 Thermodynamics 3 3
Numerical Methods 3 3 Mechanics of Solids 3 3
Vector Calculus 3 3 Circuits I 3 3
Essentials of Physics II & Lab 4 6 Differential Equations 3 3
Ethics Elective2 3 3 Statistics for Engineers 3 3
Semester Totals 16 18 Semester Totals 15 15

FALL cr. c.hr. SPRING cr. c.hr.

Dynamics 3 3 Kinematics and Dynamics of Machinery 3 3
Design of Mechanical Elements 3 3 Heat Transfer 3 3
Fluid Mechanics 3 3 Engineering Materials 4 6
Measurements & Instrumentation 3 3 Engineering Economics 3 3
Applied Thermodynamics 3 3 Technical Elective3 3 3
Semester Totals 15 15 Semester Totals 16 18

FALL cr. c.hr. SPRING cr. c.hr.
Manufacturing Processes 3 3 Mechanical Design II 3 3
Fundamentals of Microcontrollers 3 3 Mechanical Engineering Lab 2 4
Mechanical Design I 3 3 Mechanical Engineering Elective4 3 3
Mechanical Engineering Elective4 3 3 Mechanical Engineering Elective4 3 3
Liberal Arts Elective 3 3 Fine Arts Elective 3 3
Semester Totals 15 15 Semester Totals 14 16

Senior

Junior

Sophomore

Freshman

1University 101 or Engineering 101 satisfies this elective
2Engineering Ethics is recommended to satisfy this elective
3Upper level chemistry, physics, and any engineering courses (except for freshman electives)
4Specific advanced mechanical engineering electives, such as Computer-Aided Design, Intermediate Heat Transfer, Mechanical 
Behavior of Materials, Finite Element Stress Analysis, or Engineering Analysis I  
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Table 4.7. 

AusU Mechanical EngineeringCurriculum by Semester, Includes the Units and the 

Contact Hours (“Bachelor of Engineering”) 

FALL unit c.hrs. SPRING unit c.hrs.
Introduction to Professional Engineering 2 5 Physics & Engineering of Materials 2 5

Applied Mechanics 2 6
Multivariate Calculus & Ordinary 
Differential Equations 2 5

Engineering Thermodynamics 2 5 Introductory Elective1 2 5
Calculus & Linear Algebra I 2 5 Introductory Elective1 2 5
Introductory Elective1 2 5  
Semester Totals 10 26 Semester Totals 8 20

FALL unit c.hrs. SPRING unit c.hrs.
Calculus & Linear Algebra II 2 4 Electronics & Microprocessors 2 5
Structures & Materials 2 6 Machine Element Design 2 5
Introduction to Engineering Design 2 5 Dynamics & Orbital Mechanics 2 5
Engineering Analysis I 2 5 Fundamentals of Fluid Mechanics 2 5
Semester Totals 8 20 Semester Totals 8 20

FALL unit c.hrs. SPRING unit c.hrs.
Analysis of Ordinary Differential 
Equations 1 3 Mechanical & Space Systems Design 2 5
Finite Element Method & Fracture 
Mechanics 2 5 Advanced Dynamics & Vibrations 2 5
Thermodynamics & Heat Transfer 2 5 Fluid Mechanics 2 6
Analysis of Engineering & Scientific 
Data 1 4

Engineering Management & 
Communication 2 5

Energy & Environment2 2 5
Semester Totals 8 22 Semester Totals 8 21

FALL unit c.hrs. SPRING unit c.hrs.
Introduction to Control Systems 2 4 Engineering Thesis 4 2
Advanced Elective3 2 5 Advanced Elective3 2 5
Advanced Elective3 2 5
Advanced Elective3 2 5
Semester Totals 8 19 Semester Totals 6 7

Year 1

Year 2

Year 3

Year 4

1up to 6 credits (of 14 elective credits) from introductory electives, these include General Chemistry, Introduction to Software 
Engineering I, Introduction to  Electrical Engineering, Mathematical Foundations, Sustainable Development of Resources, and 
Electromagnetism, Optics, Relativity, and Quantum Physics
2or could choose Engineering Acoustics, Engineering Analysis II, or Mechanics of Composites
3at least 8 elective credits must be from advanced electives, these include courses such as the following: Polymer Engineering, 
Systems Engineering & Design Management, Ore Deposit Geology & Mineralogy, Net Shape Manufacturing, Major Design 
Project (4 credits),  Mine Geomechanics, or Fundamentals of Technology and Innovation Management (for complete list see 
reference, University of Queensland 2006)  
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The instructional period at AmerU and AusU is similar, i.e. 14 weeks at 

AmerU and 13 weeks at AusU.  AmerU and AusU have a break between courses and 

the final exam period.  At AmerU this break is one day, while at AusU it is one week.  

At AmerU, the exam period spans one week, while it spans two weeks at AusU.   

The courses are divided into credit hours at AmerU and units at AusU.  At 

AmerU, courses range from two to four credit hours.  Typical courses are three hours 

in credit, and involve 2.5 hours of lecture per week (see table 4.6).  Courses with a 

laboratory requirement are four hours in credit and involve 2.5 hours of lecture and 

three hours of practical work (in the laboratory) per week.  At AusU, courses are 

typically two units each (see table 4.7).  The courses typically have five contact hours 

per week.  These contact hours are distributed amongst lecture, tutorial, and practical 

(laboratory) contact depending on the course.  Two of the Australian courses require 

less than a specific number of contact hours per week; they are denoted by a bold 

number in table 4.5.  For example, in the AusU “Machine Element Design” course 

there are three lecture hours and two tutorial hours per week.  This differs from the 

AmerU “Design of Mechanical Elements” course that consists of three lecture hours 

per week.  At AusU there is an average of 4.7 contact hours per course, while at 

AmerU there is an average of 3.6 contact hours per course.  The average contact hours 

per semester at AmerU and AusU are the same.  At AmerU, the average contact hours 

per semester are 17.2, while at AusU the average contact hours per semester are 17.8.  

Overall, the contact hours per semester are the same for AmerU and AusU, however 

the number of courses is higher at AmerU and the number of contact hours per course 

is higher at AusU. 
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Taking a closer look at the two curricula illustrates some differences.  The 

fundamentals (i.e. required courses) of the two curricula differ.  The AmerU 

curriculum consists of liberal arts, mathematics, sciences, and engineering sciences 

courses while the AusU curriculum consists of mathematics, sciences, and engineering 

sciences courses only.  According to course titles and descriptions, design does not 

appear in the AmerU curriculum until the junior year, while it is present early in the 

sophomore year in the AusU curriculum.  In the AmerU curriculum, some basic 

science courses are required (Chemistry I, Chemistry II, Physics I, and Physics II).  

This differs from the AusU curriculum where “Physics and Engineering of Materials” 

is required, but the student can elect to take “General Chemistry” as one of the 

introductory electives, and more advanced science courses as one of the advanced 

electives. 

The electives in the AmerU and AusU curricula were also compared.  The two 

sets of curricula are similar in the amount of electives that they contain; the AmerU 

curriculum consists of 9 electives (21.4% of the total curriculum), while the AusU 

curriculum consists of 7 electives (21.9% of the total curriculum).  However, there is a 

fundamental difference between the electives—the electives from the AmerU 

curriculum are very prescriptive.  The electives from the AmerU curriculum consist of 

a history elective, a freshman elective, an ethics elective, a technical elective, liberal 

arts elective, fine arts elective, and three mechanical engineering electives (see table 

4.4).  The electives from the AusU curriculum consist of no more than three 

introductory electives and the remaining (of the seven total electives) are advanced 

electives (see table 4.5).  
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The electives from the two curricula also vary in the amount of specialization 

that they permit for the students.  The electives from the AmerU curriculum permit up 

to four (at least three) advanced engineering courses (or 9.5% of the total curriculum).  

The electives from the AusU curriculum permit up to seven advanced engineering 

courses (or 21.9% of the total curriculum).  The electives from the AusU curriculum 

are composed of up to three introductory electives.  The introductory electives can be 

chosen from the following courses: General Chemistry, Introduction to Software 

Engineering I, Introduction to Electrical Engineering, Mathematical Foundations, 

Sustainable Development of Resources, and Electromagnetism, Optics, Relativity, and 

Quantum Physics.  The advanced electives can be chosen from the following courses: 

Polymer Engineering, Systems Engineering & Design Management, Ore Deposit 

Geology & Mineralogy, Net Shape Manufacturing, Major Design Project (4 credits),  

Mine Geomechanics, or Fundamentals of Technology and Innovation Management 

(this is a partial list, for a complete list see reference, “Bachelor of Engineering”).  The 

elective structure at AusU is more conducive for students to specialize in a particular 

area.   

These differences in the number and type of required courses lead to a much 

higher exposure to engineering courses at AusU (78.1% to 64.3%) than at AmerU 

(54.8% to 64.3%).  It would be expected that a higher exposure to engineering courses 

would result in students with a lesser understanding of complex systems compared to 

students exposed to more non-engineering courses. 
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4.4. DISCUSSION 

The review of accreditation criteria and typical mechanical engineering 

curricula indicates that there are both correlations and a disjunction between the 

accreditation criteria and the curricula.  Correlations between the accreditation criteria 

and the typical mechanical engineering curricula are first discussed. 

The American accreditation criteria focus on outcomes and content, and the 

resulting typical AmerU mechanical engineering curriculum is rigid.  The Australian 

accreditation criteria focus on processes and the resulting typical AusU mechanical 

engineering curriculum is flexible.  This demonstrates a correlation between the 

accreditation criteria and the typical mechanical engineering curricula.  The rigid 

curriculum results in a low level of specialization amongst the students, because the 

curriculum will tend to try to cover all of the areas of mechanical engineering, i.e. just-

in-case learning (Sierra “Motivated”).  A more flexible curriculum promotes a higher 

level of specialization amongst the students.  The individual student’s abilities and 

interests will guide the courses that they take, and each student can become a specialist 

in a variety of areas.  A rigid curriculum imposes uniformity on the students, as 

opposed to a flexible curriculum that encourages each student to reach their highest 

potential (encouraging diversity). 

There is a disjuncture between the American accreditation criteria and the 

AmerU mechanical engineering curriculum.  The accreditation criteria specify certain 

areas that must be included in the curriculum, but do not prescribe certain courses.  

However, in comparing the sample American universities there was a common set of 

fundamental courses (engineering and non-engineering).  However, the only mention 
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of non-engineering courses in the American accreditation criteria is criterion 4 that 

addresses the requirement for fundamental (or general) courses by stating that “a 

general education component that complements the technical content of the 

curriculum” is required.  Before ABET Engineering Criteria 2000, specific courses 

were required for an engineering program to be accredited.  These required courses 

(under the previous criteria requirements) are common throughout the American 

curricula that were examined.  The continued inclusion of these courses in the typical 

mechanical engineering curriculum have not significantly changed since the inception 

of the ABET Engineering Criteria 2000.  The disjunction between the criteria and the 

typical American mechanical engineering curriculum may exist because of the 

resistance of departments to change.  A change in the American engineering criteria 

could bring about a change in the curriculum, but this change may not occur unless 

required.  

Overall, the key differences between American and Australian results relate to 

the following:  

1. The length of the accreditation criteria, 

2. The categories of the accreditation criteria, 

3. The percentage of the accreditation criteria that address outcomes, 

content, and processes, 

4. The number of courses per semester versus the number of contact hours 

per course, 

5. The opportunity for specialization within the curriculum, 

6. The exposure to engineering and non-engineering courses, and 
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7. The fundamental courses (required courses). 

These key differences suggest that there are some fundamental differences between 

the American and Australian engineering educational programs.  The fundamental 

difference between American and Australian accreditation criteria and typical 

curricula is that the former is more simple systems based while the latter is more 

complex systems based.  The accreditation criteria strongly correlate to the typical 

curricula.  This suggests that a change in the accreditation criteria drives changes in 

the curricula, which could lead to a change in the educational experience of engineers. 

4.5. IMPLICATIONS 

The high content- and outcomes-based American mechanical engineering 

curriculum results in an inability of the students to specialize in a specific area of 

engineering.  As the world continues to change rapidly and systems continue to 

become more complex, it will become more imperative for students (engineering and 

non-engineering) to excel in various areas (according to their individual abilities and 

interests).  Currently the American engineering educational program can be described 

as a mass production approach, i.e. every student’s unique abilities are suppressed in 

order to have all of the individuals reach the same place at the same time.  The mass 

production approach was an effective way to educate people during the industrial age, 

but as we move into the post-industrial age (the information age and the conceptual 

age) it is no longer beneficial to the larger society or the individual student (Pink 48-

51; Bar-Yam Making 182-197; Covey 12-24).  Implementing an accreditation system 

in America that embraces complex systems (more like Australia’s accreditation 



 

81 

system) can result in students that are better prepared to meet the demands of a rapidly 

changing society. 

4.6. CONCLUSION 

The review of accreditation criteria and a typical mechanical engineering 

curriculum provided a preliminary analysis of the differences and similarities between 

American and Australian engineering educational programs.  Both accreditation 

criteria were developed to prepare engineering students for the rapidly changing 

world, i.e. societal, global, environmental, economic, and technical changes.  

Modeling the American accreditation criteria as a complex system can result in a 

curricula that embraces complex systems to a higher degree.  The author recommends 

that future evolutions of ABET Criteria 2000 focus on developing, implementing, 

monitoring, and improving the process of engineering education. This change in focus 

from content and outcomes to continuous process improvement will result in 

engineering students that are able to meet the needs of the rapidly changing world. 

The accreditation criteria describe what ought to be happening in engineering 

education (according to ABET) while the curricula describe what is happening in 

engineering education.  The following chapters continue to explore the difference, if 

any, between what ought to be happening in engineering education and what is 

happening in engineering education. 
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CHAPTER FIVE

WEB SITE REVIEW 

5.1 RESEARCH PURPOSE 

This part of the study investigated and compared the extent of complex 

systems study integration according to self-reported data (information found on Web 

sites) across two domains, American undergraduate mechanical engineering programs 

and their Australian counterparts.  This large-scale view provided insights into the 

educational programs and showed some differences between American and Australian 

educational programs.  While this may not be indicative of what actually occurs in the 

universities, it is the primary information gathering technique for prospective students, 

prospective faculty, and the public to learn about the university, college, and 

department.   

5.2 RESEARCH DESIGN 

Web sites of targeted universities were queried and systematically reviewed at 

a basic and advanced level.  At the basic level, Web sites were queried for pre-

identified terms and phrases marking the presence of complex systems study.  At the 

advanced level, Web sites were qualitatively assessed at four instructional levels for 

evidence marking the presence of complex systems thinking.  A discussion of the 

sample, methods, variables, and analysis is presented next. 
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5.2.1 Sample 

The Australian sample included ten Australian universities termed “Group of 

Eight” Engineering Universities (i.e., equivalent to having a Carnegie Classification of 

a Research I University; in the engineering “Group of Eight” there are two associate 

universities in addition to the standard “Group of Eight” universities).  The American 

sample included ten American universities that a) are Research I Universities, b) are 

public universities, c) offer a bachelor’s degree in mechanical engineering, and, d) 

were one of the nine randomly selected universities or the University of South 

Carolina.  The selected universities that were used in this study are listed in Chapter 

One, Section 1.3.1. 

5.2.2. Methodology 

To collect institutional Web site data, authors mimicked the information 

gathering technique most familiar to today’s high school students (who are potential 

undergraduate engineering students); they surfed institutional Web sites.  This 

potential student was a high school senior in search of a mechanical engineering 

program stressing the study of complex systems.  The Web site-based information 

used for this study was collected in January of 2005. 

The extent of complex systems study incorporation in American and 

Australian undergraduate mechanical engineering programs was systematically 

assessed using Web site searches at both a basic and at an advanced level.  At a basic 

level, the author attempted to capture a broad overview of each institution’s 

educational culture.  For each institution in the sample, Web site search engines were 

used to identify the occurrence and frequency of four fundamental terms that closely 
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represent complex systems study: “complexity,” “complex systems,” “emergent 

properties,” and “holistic.”  The university’s Web site search engine, the engineering 

college level search engine, and the mechanical engineering department level search 

engine were each queried.  If a search engine was not available at the college or 

department level, the Google advanced search engine was utilized for the specific Web 

site domain.  This method was effective in many cases; however, it does have its 

limitations: the Google advanced search engine can perform a search for a Web site 

domain as long as it does not include any forward slashes.  For example the Web site 

domain “www.me.sc.edu” could be queried for terms that represent complex systems 

study using the Google advanced search, while the Web site “www.sc.edu/me” could 

not be queried.  At the departmental level, searches were not possible for 50% of the 

sample (4 American mechanical engineering departments and 6 Australian mechanical 

engineering departments).  At the college level, searches were not possible at three 

Australian engineering colleges.  At the university level, searches were possible for all 

of the universities in the sample.  The occurrence and frequency of the four 

fundamental terms were tallied and recorded for each search engine queried.  This 

method of data collection may be unreliable because of search engine limitations, but 

it does provide an initial glimpse into the inclusion/ exclusion of complex systems in 

American and Australian universities.   

At an advanced level, the author conducted a systematic analysis that provided 

a more thorough assessment of the extent to which the university, college, department, 

and curriculum included the concepts of complexity.  Each of these four instructional 

levels on the institution’s Web site was reviewed according to the procedures detailed 

www.me.sc.edu?
www.sc.edu/me?
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below.  For clarification, an example of complex systems study incorporation at each 

level is provided.  

• Access the university’s Web site and review, when available, the vision 

or mission statement and president’s welcome message.2  Search for 

terms and phrases indicating that the concepts of complexity are being 

integrated into the educational experience. 

The goals for Virginia Commonwealth University in carrying 

out its mission are: …to promote interdisciplinary studies 

within the University to bring new perspectives to bear on 

complex problems, and mobilize creative energies and expertise 

in meeting the needs of society and individuals through its 

unique role as Virginia's major urban university, (excerpt from 

mission statement, Virginia Commonwealth University). 

• Access the college of engineering’s Web site and review, when 

available, the vision or mission statement and dean’s welcome 

message.3  Search for terms and phrases indicating that the concepts of 

complexity are integrated into the educational experience.   

                                                 
 
 
2 (North Carolina State U; U of Arizona; U of California; U of Kansas; U of Minnesota; U of Missouri; 
U of Nevada; U of South Carolina; U of Tennessee; Virginia Commonwealth U; Australian National U; 
Monash U; U of Adelaide; U of Melbourne; U of New South Wales; U of Newcastle; U of Queensland; 
U of Sydney; U of Western Australia; U of Wollongong) 
 
 
3 (Engineering and Information Technology, U of South Carolina; Engineering and Information 
Technology, Australian National U; Engineering and the Built Environment; Engineering, Computer; 
Engineering, Computing; Engineering, Physical Sciences; Engineering, North Carolina; Engineering. U 
of Arizona; Engineering, U of Missouri; Engineering, U of Nevada; Engineering, U of Tennessee; 
Engineering, Virginia; Technology; Engineering. Monash; Engineering, U of Melbourne; Engineering, 
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Engineering is a creative occupation: based on science applied 

with art and skill, and with the economic and social dimensions 

added. Our graduates will develop the skills necessary to thrive 

in the real world and the knowledge required to deal with the 

challenging social and environmental issues that concern us 

today, (excerpt from the Dean’s Message, University of 

Sydney). 

• Access Department of Mechanical Engineering Web site and review, 

when available, department’s educational objectives, program 

overview, educational outcomes, and chair’s welcome message.4  

Search for terms and phrases that indicate that the concepts of 

complexity are integrated into the educational experience.   

Students receive significant experience with open-ended 

problems where factors such as economic and social judgments 

are important. Group and individual projects are chosen to 

develop student expertise in attacking problems with more than 

one right answer, to communicate, to work in  

                                                                                                                                             
U of New South Wales; Engineering, U of Sydney; Engineering, U of Wollongong; Engineering, U of 
California; Engineering, U of Kansas; Technology) 
 
 
4 (Aerospace; Mechanical and Aerospace, North Carolina State, Mechanical and Aerospace, U of 
California; Mechanical and Aerospace, U of Missouri; Mechanical Engineering, U of Kansas; 
Mechanical Engineering, U of Minnesota; Mechanical Engineering, U of Nevada; Mechanical 
Engineering, U of South Carolina; Mechanical Engineering, Virginia Commonwealth; Mechanical, 
Aerospace and Biomedical; Aerospace, Mechanical and Mechatronic; Mechanical and Manufacturing, 
U of Melbourne; Mechanical and Manufacturing, U of New South Wales; Mechanical Engineering, 
Monash; Mechanical Engineering, U of Newcastle; Mechanical Engineering, U of Queensland; 
Mechanical Engineering, U of Adelaide; Mechanical Engineering, U of Western Australia; Mechanical, 
Materials and Mechatronic) 
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teams, and to understand the non-technical contributions to 

engineering decisions, (excerpt from the mechanical 

engineering program overview, University of Missouri-

Columbia). 

• Access mechanical engineering curricula and descriptions of courses.  

Search for courses with complexity content, i.e., courses addressing the 

intersection of technical and non-technical issues including, but not 

limited to, environmental, political, economic, social, regulatory, and 

corporate factors.  The author reviewed curricula, course titles, and 

course descriptions to determine whether the courses appear to have 

complexity content.  If a university had one or more courses with 

complexity content that university was considered to have complexity 

present at the curricular level. 

“Systems Design, “Communication,” and “Professional 

Responsibility,” (titles of required undergraduate mechanical 

engineering courses at the University of New South Wales). 

5.2.3 Study Variables and Analysis 

The author analyzed the frequency of four fundamental terms associated with 

complex systems using Microsoft Excel.  The results of Australian and American 

mechanical engineering educational programs were compared by conducting an 

unpaired T-test.  The results were considered to be significant if the unpaired T-test 

results were less than 0.1 (90% confidence interval).  The data was excluded if there 

were no search engine capabilities, (it was not counted as 0).  For example, if one of 
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the data points in a sample of ten could not be determined, the average would be the 

sum of the nine actual data points divided by nine. 

5.2.4 Limitations 

The limitations of this portion of the research project are that there was only 

one rater, the small sample size, and the language or cultural differences.  Involving 

multiple raters would ensure that the results are more reliable, i.e. inter-rater 

reliability.   Increasing the number of universities included in the sample would 

increase the validity of these results.  Finally, the differences in language or cultural 

differences between the American rater and the Australian Web sites could lead to 

unreliable results. 

5.3 RESULTS 

The extent of complex systems study representation in American and 

Australian mechanical engineering educational programs was assessed through a basic 

and an advanced Web site search. 

At a basic level, queries for the words or phrases “complexity,” “complex 

systems,” “emergent properties,” and “holistic” were conducted using the university 

search engines and, where applicable, using the college and department level search 

engines.  These words and phrases were chosen as a representative sample of words 

associated with complex systems.  The right side of figure 5.1 presents a graph of the 

frequency of these terms for each institution’s search engine queried.  In this graph, 

combined frequencies of the terms “complexity,” “complex systems,” “emergent 

properties,” and “holistic” at the university, college, and department levels are 
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represented by bars and grouped by institution.  Note that frequencies are displayed 

using a log scale.  If a bar is absent, it was not possible to conduct a search at that 

level, or the search results yielded a zero or one.  Two universities returned search 

results of zero or one for the college level search; these universities, University of 

Nevada, Reno, and University of California, Irvine, have asterisks placed in lieu of 

bars due to the limitations of presenting the data using a log scale.  It was not possible 

to conduct a search for the remaining universities that have no bar and no asterisk in 

the figure. 



 

90 

 

   

 

 

Fig. 5.1. Internet Query Results: Advanced Level Data Collected from the Systematic 

Review of Web sites (left side, black-shaded rectangle denotes that concepts of 

complexity are addressed, grey-shaded rectangle denotes that there is not a distinct 

mechanical engineering department, (a) columns denote university level search, (b) 

college level, (c) departmental level, and (d) curricular level) and the Search Engine 

Basic Query Data (right side). 

In order to determine whether there is a significant difference between the 

Australian and American universities, an unpaired T-test was performed (see table 

5.1).  The results of this T-test indicate that there is a significant difference in the total 
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hit scores at the university level.  The American university level search engines 

returned a significantly higher number of entries associated with complexity (17,000) 

than their Australian counterparts (3,400). 

Table 5.1. 

Statistical Results of Keyword Search 

America Australia
Department Level 41.3 16.8 0.20
College Level 65.9 124.6 0.50
University Level 16961.2 3383.2 0.05

Average (# of hits) T-test 
Results

 

At an advanced level, a systematic review of the Web sites of the selected 

American and Australian universities was conducted to collect a more thorough set of 

data.  At each targeted institution, the university Web site, the college of engineering 

Web site, the department of mechanical engineering Web site, and descriptions of 

department of mechanical engineering curricula were examined for terms and 

concepts representative of the concepts of complexity.  The presence or absence of 

concepts of complexity at each instructional level is represented on the left side of 

figure 5.1.  A black-shaded box denotes that concepts of complexity are addressed.  

An un-shaded box denotes that there is no mention of complexity.  A grey-shaded box 

denotes that there is not a separate mechanical engineering department (there is a 

mechanical engineering program of study). 

A university was identified as supporting the integration of complex systems if 

the concepts of complexity were present in the university’s vision statement, mission 

statement, and/or president’s welcome message.  At the university level, 8 of 20 

universities, or 40 %, were identified as supporting the integration of complex systems 
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study.  A college was identified as supporting the integration of complex systems 

study into the undergraduate engineering education if the concepts of complexity were 

present in its vision statement, mission statement, or dean’s welcome message.  At the 

college of engineering level, 14 of 20 engineering colleges, or 70 %, were identified as 

supporting the integration of complex systems study.  A mechanical engineering 

department was identified as supporting the integration of complex systems study if 

the concepts of complexity were present in the department’s educational objectives, 

educational outcomes, and/or chair’s welcome message.  At the department level, 8 of 

19 departments, or 42.1 %, displayed online material indicating a support of the 

integration of complex systems study into undergraduate engineering education.  At 

the curricular level, 10 of 20, or 50 percent, displayed curricula and course 

descriptions incorporating complexity. 

In order to determine whether there is a significant difference between the 

systematic review results of the Australian and American universities, an unpaired T-

test was performed (see table 5.2).  This t-test compared the American and Australian 

results for the systematic review results.  The two samples had equal variances, so the 

homoscedastic t-test was used.  The results of this T-test indicate that there is a 

significant difference in the systematic review results at the curriculum level only.  At 

the curriculum level, 2 of 10 (or 20%) American universities offered at least one 

course that incorporated concepts of complexity, while 8 of 10 (or 80%) Australian 

universities offered at least one course that incorporated concepts of complexity.  The 

American universities have a significantly lower occurrence of complex systems study 

than the Australian universities in the curriculum.  
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Table 5.2. 

Statistical Results of Systematic Review of Web sites, Percentage refers to the 

Percentage of the Sample that Embraced Complex Systems Study Integration 

America Australia
Curriculum Level 20% 80% 0.01
Department Level 50% 33% 0.49
College Level 60% 80% 0.36
University Level 50% 30% 0.39

Average (# of hits) T-test 
Results

 

5.4 DISCUSSION 

From the search engine query data, there appears to be a significant difference 

in the frequency of terms that represent complexity at the university level of America 

and Australia.  America has a much higher frequency of these terms (17,000) than 

their Australian counterparts (3,400).  From a review of electronic representations of 

engineering education, there appears to be a significant difference in the level of 

activity in complex systems study integration at the curricular levels of America and 

Australia.  Australia curricula have a much higher percentage of the inclusion of 

complex systems than their American counterparts.  The most accurate measure of the 

extent to which engineering educators are integrating complex systems study into 

undergraduate engineering education is in its inclusion in course curricula.  These 

results suggest that although it appears that American universities have a high 

percentage of complex systems study present from the search engine query data, the 

presence of complex systems at a curricular level is more indicative of the actual 

inclusion of complex systems.  Therefore, according to electronic representations of 
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engineering education at the curricular level, Australian universities embrace complex 

systems more than their American counterparts.   

A concurrent view of search engine and Web site review data indicates that 

interest in complexity integration at the university level does not guarantee interest at 

the college and department level (see fig. 5.1.).  However, there is some level of 

correlation between the query and Web site review data.  The American universities 

that had the highest frequency of terms associated with complexity returned from 

search engine queries also had complex systems concepts present in the university 

mission statements, vision statements, and president’s messages.  The Australian 

university that had the highest frequency of terms associated with complexity also had 

complexity present at all levels when the Web sites were reviewed systematically.  

This indicates that the search engine query and Web site systematic reviews are, to 

some extent, in agreement with one another.   

A difference in American and Australian Web site structure may be the reason 

for some of the results of this portion of the study.  For example, more college level 

query searches could be conducted in America (100%) versus Australia (70%).  The 

departmental Web sites were more extensive in American universities than in 

Australian universities.  Many times, the Australian departmental Web sites only 

consisted of one introductory page, with the curriculum descriptions within the 

University handbook.  This differs from the American Web sites, where there are 

extensive Web sites at the university, college, and departmental levels.  This absence 

of Web sites at the department and college level in Australia may be an unreliable 

indication of implementation of complex systems.   
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The Web site search carried out by systematic review indicates that there is a 

notable interest in complexity at the university (50%), college (60%), and department 

level (50%) for American universities, and much less activity at the curriculum level 

(20%).  This differs from Australia, where there is a notable interest in complexity at 

the curriculum (80%) and college level (80%), and much less at the university (30%) 

and department level (33%).  This disjuncture between the interest in complexity in 

American university mission statements, vision statements, and welcome messages, 

and the inclusion of complex systems in the curriculum suggests that the 

administration believe that complex systems are important even though complex 

systems is not present in the curriculum.  There is a correlation in Australian 

universities, i.e. complex systems are present at the college and curriculum level. 

The results obtained via search engines illustrate a common way for students to 

find information on a Web site.  However, different search engines have different 

capabilities and have different results.  A search engine that searches for the same 

words on the same Web site will give different results depending on its preferences.  

For example, one of the American university’s search engines returned results from all 

of the university’s campuses.  This will give a much higher result than a university 

that performs the search for one specific campus.  The absence of search engine 

capabilities for college and department levels may be an unreliable indication of the 

actual implementation of complex systems. 

Overall, opportunities exist in mechanical engineering departments, colleges of 

engineering, and universities in Australia and America for students to receive an 

engineering education that has complex systems study as a fundamental emphasis and 
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experience.  Many departments of mechanical engineering, colleges of engineering, 

and universities in Australia and America are embracing complexity; therefore, those 

who would like to expand their educational programs to also embrace complexity can 

look inside their own institutions (colleges and universities) or interact with their 

nearby neighbors. 

A recommendation to the high school students who have an interest in 

exploring complexity is to use all means to gather information about educational 

opportunities available in various departments, colleges and universities.  For 

example, Web site searches and Web site surfing should be augmented by personal 

contact both by phone and campus visits. 

5.5 IMPLICATIONS 

This part of the study indicates that in America, complex systems integration is 

present at the university level, but not at the curriculum level.  This suggests that the 

administration in American universities envision an environment that embraces 

concepts of complexity.  Integrating concepts of complex systems into the educational 

development of students would be a move towards the vision set forth by the 

administration. 

To what degree does the data that is collected from Web sites accurately reflect 

what is happening in the university?  The forthcoming chapters will give a better idea 

of what is happening at the university.  If these are not in alignment, the Web sites 

should be altered to accurately portray the state of the university, in addition to the 

present portrayal of the vision of the university.   
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5.6 CONCLUSION 

Select mechanical engineering programs located in Australia and the United 

States were systematically examined to determine whether complex systems study is 

being integrated into the educational development of undergraduate engineering 

students.  This examination involved reviewing information available on each 

university’s Web site by a keyword search and by a systematic review of four 

instructional levels within the university.  The keyword search results indicated that 

there are significantly more hits for words associated with complexity in the United 

States than in Australia at the university search engine level.  The systematic review 

results indicated that there is significantly more complex systems study present in the 

curriculum of the Australian universities (80% in Australian universities versus 20% 

in American universities).   

In America, the vision and mission statements at the university, college, and 

department levels indicate that complex systems ought to be included in the 

educational development of undergraduates.  There is little evidence of complex 

systems in the curricular level, i.e. what is happening.  This disjuncture between what 

ought to be occurring and what is occurring will continue to be explored in further 

chapters. 
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CHAPTER SIX 

STUDENT SURVEYS AND FOCUS GROUPS

6.1 RESEARCH PURPOSE 

This part of the study investigated and compared the extent of complex 

systems study integration according to students across two domains, American 

undergraduate mechanical engineering programs and their Australian counterparts.  

Student surveys and focus groups were conducted during spring and fall of 2005.  Out 

of the student survey data emerged an investigation which focused on the extent to 

which the students understood complex systems.  Out of the focus group transcriptions 

emerged a more detailed investigation which focused on three specific components 

within each educational domain: undergraduate engineering course content, 

extracurricular activities, and work experience.   

6.2 RESEARCH DESIGN 

This research project involved participants from both America and Australia, 

and examined data collected from online surveys and focus groups.  A discussion of 

study participants, methods, variables, and analysis is presented next.   
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6.2.1 Participants 

Both American and Australian mechanical engineering undergraduate students 

participated in the survey portion of this study.  The Australian survey sample 

included mechanical engineering undergraduate student respondents from ten 

universities termed “Group of Eight” Engineering Universities (i.e., equivalent to 

having a Carnegie Classification of a Research I University; in the engineering 

“Group of Eight” there are also two associate universities in addition to the standard 

“Group of Eight” universities).  Students at four of the ten targeted Australian 

universities returned responses; in total, Australian engineering students returned 258 

responses to the online survey.  The American survey sample included mechanical 

engineering undergraduate student  respondents from ten colleges and universities that 

a) are Research I Universities, b) are public universities, c) offer a bachelor’s degree in 

mechanical engineering, and d) were one of the nine randomly selected universities or 

the University of South Carolina.  Students at four of the ten targeted American 

universities returned responses; in total, American engineering students returned 117 

responses to the online survey.  The selected universities that were used in this study 

are listed in Chapter One, Section 1.3.1.   

The surveys were administered by individually e-mailing the department chairs 

and requesting them to forward the e-mail to undergraduate students (see appendix 

A.1).  An attempt was made to personalize each e-mail by addressing the letter with 

the recipient’s name and by sending the e-mails individually to each recipient.  The 

students were offered incentives to complete an online survey—a chance to win a 

portable digital media player, an iPod Shuffle.  Department chairs were contacted 
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twice by e-mail.  Surveys were returned by 40% of the American universities targeted 

and by 40% of the Australian universities.  This response rate was low; however there 

was an attempt to increase the response rate by contacting the department chairs a 

second time.  It may have been possible to increase the response rate by contacting 

someone else in the department or by contacting the department chair by another 

means in addition to e-mail.   

The average number of semesters that the American students had attended 

college was 6.6 semesters (between junior and senior year), while it was 5.2 semesters 

(3rd year students) for the Australian students.  The distribution of the respondent’s 

reported number of semesters in college can be seen in figure 6.1. 
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Fig. 6.1. Distribution of Students’ Reported Number of Semesters in College 

Upon completion of survey data collection, the author collected focus group 

data.  The focus group participants were undergraduate mechanical engineering 
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students from the University of South Carolina and the University of Queensland.  

There were four focus group meetings scheduled, one for each level of students 

(freshman, sophomore, junior, and senior).  The focus groups were advertised by e-

mailing letters to the students (see appendix A.2), e-mailing flyers (see appendix A.3), 

posting flyers throughout the department, requesting professors to advertise the flyers, 

and the author visiting classes to encourage students to attend focus groups.  The 

students were offered incentives to participate in the focus groups; these included a 

raffle ticket for a free iPod shuffle and snacks at the focus group meetings.  Eleven 

undergraduate mechanical engineering students (five juniors and six seniors) at USC 

and seven students (five 3rd years and two 4th years) at UQ participated in focus 

groups.  Overall the attendance was low, but an attempt was made to increase 

participation in the focus groups.  Overall, the most effective ways to increase 

participation in the focus groups was to personally visit the classes and have the 

professor advertise the focus groups. 

USC’s Institutional Review Board granted exception from the human subject 

research-based requirements due to the voluntary nature of the research and the 

research not being connected to academic requirements (see appendix A.4 and A.5 for 

approval letters). 

6.2.2 Methodology 

The research team, consisting of the author, Dr. Wally Peters, and Dr. Michelle 

Maher, developed survey questions and the author posted the survey questions online 

using CTL Silhouette featuring FlashlightTM Current Student Inventory Version 3.0 

(see appendix B.1).  Special precautions were taken in order to ensure the validity of 
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the survey.  One member of the research team, Dr. Wally Peters, is an expert in the 

area of complex systems, while Dr. Michelle Maher is an expert in the area of higher 

education.  These research team members helped develop and approve the content of 

the survey.  Dr. Robert Johnson is a survey expert who reviewed the survey and made 

changes to the structure of the survey.  Due to cultural and linguistic differences, the 

responses to some of the questions may have misleading results, because Americans 

developed this survey. 

The survey utilized check boxes, a 6-point Likert scale (options ranging from 

“Never” to “Completely” or “Strongly Disagree” to “Strongly Agree”), open-ended 

questions, and radio buttons.  The check box and radio button questions collected 

demographic data from the students.  The Likert scale questions investigated and 

compared the extent of complex systems integration in undergraduate mechanical 

engineering programs.  The open-ended questions asked how the students’ engineering 

educational experience has helped them cope with the concept of complex systems, 

whether or not it is important to integrate complex systems into their engineering 

educational experience, and which projects, courses or extracurricular activities 

incorporate this concept of complex systems.  The first two open-ended questions 

allowed the researchers to determine the extent to which the students understood 

complex systems.   

The author developed the focus group protocol with input from the research 

team (see appendix C.1).  The focus group protocol contained 14 open-ended 

questions that were designed to generate discussion from the focus group participants.  

The author analyzed the responses to the open-ended questions to determine the extent 



 

103 

of complex systems integration according to students (see appendix B.1).  The author 

also developed a complex systems handout that provided a visual illustration of 

complex systems (see appendix C.2.).  This handout helped visually define complex 

systems so that the students could refer back to it during the focus group session. 

6.2.3 Study Variables and Analysis 

The author analyzed the online survey Likert-scale questions using Microsoft 

Excel.  The author calculated the mode of each question for the American and the 

Australian responses.  The mode was displayed graphically with a bar chart so that 

subtleties between the American and Australian data sets could be seen.   

The author collected the online survey open-ended question responses and 

entered them into NVivo version 1.2, which provided a means to organize the 

responses during analysis.  The focus groups were recorded, transcribed, and also 

entered into NVivo. 

To begin analysis of the responses to the open-ended survey questions and the 

transcriptions of the focus groups, the author reviewed the survey responses to develop 

descriptive codes, which identified broad themes across the student responses.  Four 

broad codes emerged from this review: content, competencies, perceptions, and levels 

of understanding.  Content refers to the parts of the educational development system, 

such as the courses, subsets of the courses, descriptions of the courses, and 

interrelationships amongst the courses (see appendix D, table D.1).  An example of an 

excerpt coded as content is the following: “I had to take Intro to Music class and stuff 

like that.  I’d rather take more engineering electives because they’re more interesting, 

something that I could actually use,” (USC Senior).  Competencies refer to qualities 
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that demonstrate whether or not a student is qualified to perform as an engineer (see 

appendix D, table D.2). An example of an excerpt coded as competencies is the 

following: “I don’t know so much about the material, because…whenever you get to 

your other job, you’ll learn how to do your job.  But as far as having to work hard and 

study…and manage your time…  And not so much the material, but that aspect of the 

way you learn it [the material] helps you a lot,” (UQ Senior).  Perceptions refer to an 

insight that is based primarily on intuition (see appendix D, table D.3).  An example of 

an excerpt coded as perceptions is the following: “People [describing unsuccessful 

engineers] who are going to sit at their desk and do their thing and put a piece of paper 

in someone else’s pigeon box and expect the thing to be made.  And look out their 

window, oh yeah, it seems to be working.  And sit back down and do the next thing,” 

(UQ 3rd year).  Level of understanding refers to the degree that a student understands 

the concept of complex systems based on their responses (see appendix D, table D.4).  

The levels of understanding were used extensively in the analysis of the open-

answered survey questions.  Examples of excerpts coded as varying levels of 

understanding are provided in table 6.1.  Within each of the broader codes there are 

sub-codes, which are provided with descriptions in Appendix D, tables D.1 through 

D.4. 
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Table 6.1. 

Examples of Student Excerpts Coded as Misunderstanding, Low Level of 

Understanding, and High Level of Understanding 

Level of Understanding American student responses Australian student responses
Misunderstanding It has helped me deal with 

complex systems because an 
engineering education lets you 
learn things that you might not 
have known about something 
so you can deal with more 
complex systems.

By showing how these systems 
can be simplified through 
ignoring less important 
variables.

Low level of 
understanding

Complex systems are 
important to integrate into the 
engineering educational 
experience because they 
create opportunities for real 
life experience.

must have experience in this for 
the real world where I imagine 
they are a big part of 
engineering

High level of 
understanding

Nothing in the real world can 
be simplified to a single 
simple system. Everything is 
integrated, not only types of 
systems but different fields of 
practice. Being trained to 
deal with multidimensional 
system structures is very 
important.

It is important to integrate an 
overall understanding that what 
we do as engineers will have a 
significant impact in our world 
and that it is worth putting in 
some extra effort in order to 
ensure that our products 
address the bigger issues and 
are not causing more problems 
than they solve.

 

To establish trustworthiness, the author coded and then re-coded the survey 

responses and focus group transcriptions three weeks later.  To ensure rater reliability, 

the author ensured that a firm coding scheme was in place before coding the data.  The 

author consistently applied these codes to this data set.  These codes were then 

reviewed by the author, Dr. Wally Peters, and Dr. Michelle Maher to determine 

patterns within the transcriptions. 
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6.2.4 Limitations 

The limitations of this portion of the research project are that there was only 

one rater, the small sample size, and the language or cultural differences.  Involving 

multiple raters would ensure that the results are more reliable, i.e. inter-rater 

reliability.   Increasing the number of universities from which students returned 

surveys, the number of universities that the focus groups were conducted, and the 

number of participants in the focus groups would increase the validity of these results.  

Finally, the differences in language or cultural differences between the American 

survey and interview protocol author and the Australian participants could lead to 

unreliable results. 

6.3 RESULTS 

The extent of complex systems study representation in American and 

Australian mechanical engineering educational programs was assessed through online 

student surveys and focus groups.  The extent to which students understand complex 

systems integration and the extent to which complex systems are incorporated into 

undergraduate mechanical engineering educational development were determined by 

analyzing the survey responses and focus group transcriptions.  This section will be 

divided into two categories—survey and focus group results. 

6.3.1 Survey Results  

The results of the question “At this point in my college education, I have 

received a basic foundation in the following areas (check all that apply): English, 

Humanities and Social Sciences, Life Sciences, Math, and/or Physical Sciences” are 
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presented in figure 6.2.  The bar that denotes the combined results of American and 

Australian students shows that the students have a basic foundation in the typical areas 

of emphasis in an engineering curriculum: math and physical sciences.  Around 45% 

of the students indicated that they have received a basic foundation in English, and 

humanities and social sciences.  Only 38.7% of students indicated that they have a 

received a basic foundation in life sciences.  Concepts of complex systems are the 

groundwork of life sciences.  According to the American Heritage Dictionary life 

sciences “deal with living organisms and their organization, life processes, and 

relationships to each other and their environment” (“life”). 
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Fig. 6.2. Normalized Average of the Responses to the Question Stem, “At this point in 

my college education, I have received a basic foundation in the following areas (select 

all that apply):…” in the Student Survey 

The American and Australian results of the previous question, “At this point in 

my college education, I have received a basic foundation in the following areas (check 

all that apply): English, Humanities and Social Sciences, Life Sciences, Math, and/or 

Physical Sciences,” are compared using a two-tailed t-test.  This t-test compared the 

American and Australian survey results for these questions.  The two samples had 

unequal variances, so the heteroscedastic t-test was used.  The heteroscedastic t-test 

compares 2 samples that have unequal variances.  The results of this test indicate that 
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the American and Australian results of this question are statistically different for the 

following responses: English, humanities and social sciences, and life sciences (the t-

test results were less than 0.1 for these areas, a 90% confidence interval) (see table 

6.2).  The American undergraduate students indicated that they received a fundamental 

grounding in these areas much more than their Australian counterparts.  The 

normalized average responses can be seen visually in figure 6.2.  These results are in 

line with the curriculum differences in America and Australia (see Chapter 4).  In 

America, the undergraduate engineering degree consists of a basic liberal arts 

education, which includes English, and humanities and social sciences.  In Australia 

the curriculum consists of a higher percentage of engineering courses that occur over 

the 4 year educational experience.  The American engineering education is broader; 

therefore these results suggest that American engineering educational programs are 

embracing complexity more than their Australian counterparts. 

Table 6.2. 

T-test Results of the Question Stem “At this point in my college education, I have 

received a basic foundation in the following areas (select all that apply): English, 

Humanities and Social Sciences, Life Sciences, Math, and/or Physical Sciences” 

Subject Area America Australia
English 74.4% 31.0% 8.18E-11
Humanities and Social Sciences 81.2% 31.4% 1.62E-21
Life Sciences 71.8% 23.6% 3.69E-21
Math 97.4% 95.4% 0.58
Physical Sciences 90.6% 86.8% 0.29

Normalized Average T-test 
Results

 

Overall, the responses to the question, “How frequently have the following 

areas been addressed in your courses,” indicate that technological areas that embrace 
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complex systems study are being stressed to some degree in undergraduate 

engineering courses (see fig. 6.3).  The technological areas in this question embrace 

concepts of complex systems.  The bar that denotes the combined results of this 

question indicates that only one area, “information technology,” is addressed “often.”  

Four areas, “transportation systems, alternate energy systems, advanced/ intelligent 

materials, and advanced manufacturing,” are addressed “sometimes.”  The remaining 

five areas, “nanotechnology, micromechanical systems, critical infrastructure, 

bioengineering, and bioelectrics,” are never addressed in undergraduate engineering 

courses.  This suggests that there is inclusion of technological areas that embrace 

complex systems to some degree in American and Australian engineering programs. 
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Fig. 6.3. Mode of the Responses to the Question Stem, “How frequently have the 

following areas been addressed in your courses,” in the Student Survey 

The Likert scale responses were considered to be significantly different if there 

was a difference of at least two points in the modes of the Australian and American 

student responses.  The differences of the American and Australian undergraduate 

student responses to the question, “How frequently have the following areas been 

addressed in your courses,” indicate that the areas of transportation systems, 

nanotechnology, and microelectromechanical systems are addressed more often in 

American students’ courses, while advanced manufacturing is addressed more often in 

Australian students’ courses (see fig. 6.3).  This suggests that complex systems are 

addressed more in American engineering programs.  However, this may be an 
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unreliable indicator of the inclusion of technological areas that embrace complex 

systems in the Australian curriculum because of possible language differences.   

The responses to the question, “How often has your program addressed the 

interrelationship of engineering with…,” indicates that some aspects of complex 

systems are being addressed in engineering educational programs (see fig. 6.4).  The 

students indicated that their program has addressed the interrelationship of engineering 

with ethics, earth systems/ environment, and economy “often.”  The interrelationship 

of culture and aesthetics are addressed “sometimes,” while social norms, politics, and 

law are “almost never” addressed.  These findings are important, because they show 

that the engineering educational programs are exposing students to concepts of 

complex systems.  Engineering educational programs are not only stressing the 

technical aspects of a system, but also the ethical, environmental, and economical 

aspects of an engineered system. 
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Fig. 6.4. Mode of the Responses to the Question Stem, “How often has your program 

addressed the interrelationship of engineering with…,” in the Student Survey 

The differences of the American and Australian undergraduate student 

responses to the question, “How often has your program addressed the 

interrelationship of engineering with…,” indicates that the interrelationship of ethics 

with engineering is addressed more in Australian engineering educational programs 

(see fig. 6.4).  The American students responded “sometimes” to this question, while 

the Australian students responded “often.”   

The responses to the question, “My engineering educational experience to date 

has equipped me to do the following…” indicates that there is an emphasis in complex 

systems skills in engineering educational programs (see fig. 6.5).  The combined 

results indicate that the most common response (the mode) was “agree” to each of the 
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characteristics (work in multi-disciplinary teams, work in multi-cultural teams, tolerate 

uncertainty, think critically, solve complex and open-ended problems, engage in life-

long learning, communicate effectively, apply what I have learned to “real world” 

situations, and analyze and synthesize complex systems).  This is significant, because 

it indicates that undergraduate engineering students are acquiring the skills to become 

complex systems thinkers.   
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Fig. 6.5. Mode of the Responses to the Question Stem, “My engineering educational 

experience to date has equipped me to do the following…” in the Student Survey 

The responses to the question, “The engineering educational experience should 

equip engineers to do the following…” indicate that undergraduate engineering 

students believe that integrating complex systems study into their educational 

development is important (see fig. 6.6).  The students’ most common response to each 
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of these questions was “completely agree.”   This is significant, because it shows that 

undergraduate engineering students believe that it is important to integrate complex 

systems skills into their educational experience. 
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Fig. 6.6. Mode of the Responses to the Question Stem, “The engineering educational 

experience should equip engineers to do the following…” in the Student Survey  

The responses to the question, “My engineering educational experience to date 

has equipped me to do the following…” and “The engineering educational experience 
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should equip engineers to do the following…” are not significantly different for 

American and Australian engineering students (see fig. 6.5 and fig. 6.6). 

The questions with an open-answer format provide an insight into the students’ 

understanding of complex systems, and a view of the integration of complex systems 

into their educational experience.  The first open-answer question, “Describe how your 

engineering educational experience has helped you deal with the concept of complex 

systems” elicited responses that either agreed or disagreed that their engineering 

educational experience has helped them deal with the concept of complex systems, 

and elicited responses that showed an understanding or misunderstanding of the 

concepts of complex systems (see fig. 6.7).  Many of the students agreed that their 

engineering educational experienced has helped them deal with the concept of 

complex systems (66%), but a large percentage (39%) of these students had a 

misunderstanding of what encompasses complex systems.  An overwhelming majority 

of the students that misunderstood complex systems believed that complex systems 

were complicated problems that can be broken down into smaller parts to be analyzed 

and then can be put back together (the sum of the parts equals the whole).  In complex 

systems, the sum of the parts is greater than the whole.  Only a small percentage of 

students disagreed that their engineering educational experience has helped them deal 

with the concepts of complex systems. 

If the students misunderstood the words “complex systems” their results for the 

Likert-scale questions that used this language may not be valid.  The modes of the 

Likert-scale questions that used the language “complex systems” (numbers 21, 25, 30, 

36, and 37 in appendix B.1) were recalculated using the results from the students that 
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understood complex systems in both of the open-answered questions.  The modes 

were the same as they were when they were calculated for the entire group of 

Americans and Australians (those that understood and misunderstood complex 

systems).  Therefore, the results presented previously are still valid. 
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Fig. 6.7. Survey Respondents’ Level of Agreement and Understanding to the Question 

Stem, “Describe how your engineering educational experience has helped you deal 

with the concept of complex systems.” 

The responses to this question were coded  according the responses that a) 

understood complex systems, b) misunderstood complex systems, c) had no 
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explanation, and d) were blank (see fig. 6.8).  The results show that 40.5% of the 

respondents understood the concept of complex systems.  This shows us that at some 

point in these students development, they are being exposed to complex systems.   The 

number of respondents that gave no explanation and left their response blank indicates 

that there is a high level of uncertainty in the results (32.8%).   
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Fig. 6.8. Survey Respondents’ Level of Understanding to the Question Stem, 

“Describe how your engineering educational experience has helped you deal with the 

concept of complex systems.” 

For the open-answer responses, a confidence interval of 90% was used to 

determine whether the two data sets were significantly different.  The first open-

answer question, “Describe how your engineering educational experience has helped 

you deal with the concept of complex systems” elicited responses that either agreed or 
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disagreed that their engineering educational experience has helped them deal with the 

concept of complex systems, and elicited responses that showed an understanding or 

misunderstanding of the concepts of complex systems (see fig. 6.7).  When a 

contingency table was developed, the chi-squared test could not be performed because 

more than 20% of the values were less than 5.  By visually comparing the normalized 

frequency of American and Australian engineering student responses, two groups 

stood out as being different (see fig. 6.7).  The percentage of students that indicated 

that they agreed that their engineering educational experience has helped them deal 

with complex systems, but had a misunderstanding of the concepts of complex 

systems was much higher (by 13.4%) for American students than for Australian 

students.  The percentage of students that indicated that they agreed that their 

engineering educational experience has helped them deal with complex systems, and 

had a high level of understanding of the concepts of complex systems was much 

higher (by 12.1%) for Australian students than for American students.  This suggests 

that the Australian students have a better understanding of the concepts of complex 

systems; however cannot be statistically proven to be different.  When the responses 

were grouped according to the level of understanding only, a chi-squared test was 

appropriate (see table 6.3).  The chi-squared test is a test for independence.  It 

compares the actual range to the expected range.  The actual range includes the 

number of American and Australian students that were grouped as understand, 

misunderstand, no explanation, or blank.  The expected range includes the sum of the 

American and Australian students in each of the above categories times the number of 

American or Australian respondents divided by the total number of respondents.  The 
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chi-square value is then compared to the critical values for chi-square with the degrees 

of freedom equal to 3 (equal to number of rows minus 1 times the number of columns 

minus 1) and with a probability of 0.1 (90% confidence interval level), 0.05 (95% 

confidence level), and 0.01 (99% confidence interval level).  The results of this test 

indicate that at the 90% confidence interval level, there is a statistically significant 

difference between American and Australian responses.  These results concur with the 

above visual comparison.  The Australian students understand the concepts of 

complex systems more than American students (9.7% higher understanding) (see fig. 

6.8).  The American students misunderstand the concepts of complex systems more 

than Australian students (13% higher misunderstanding). 
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Table 6.3. 

Chi-squared Goodness of Fit Test Results for the First and Second Open-ended 

Questions 

Null hypothesis, H0

Alternate hypothesis, HA
Distribution Normal Normal

SAMPLE:
Number of observations 375 375
    Number of cells with values less 
than 5 14 14
Number of parameters used 0 0

Test:
Chi-squared test statistic 7.754 7.630
Degrees of freedom 3 3
Chi-squared CDF value 0.051 0.054
  
Alpha Level Cutoff Conclusion Cutoff Conclusion

10% 6.251 Accept H0 6.251 Accept H0
5% 7.815 Reject H0 7.815 Reject H0
1% 11.341 Reject H0 11.341 Reject H0

2nd Open Answer Question

Distribution fits the data

Distribution does not fit the data

CHI-SQUARED GOODNESS-OF-FIT TEST

Distribution fits the data

Distribution does not fit the data

1st Open Answer Question

 

The next open-answer question, “Is it important to integrate complex systems 

into the engineering educational experience? Tell us why or why not” elicited yes or 

no responses and explanations for each of these responses (see fig. 6.9).  The 

explanations were analyzed to determine how well the respondents understood the 

concept of complex systems.  The results show that 98.1% of the respondents that 

thought complex systems involved uncertainty, real world systems, or the 

relationships of parts of a system believed that it was important to integrate complex 

systems into the engineering educational experience.   
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Fig. 6.9. Survey Respondents’ Level of Agreement and Understanding to the 

Question, “Is it important to integrate complex systems into the engineering 

educational experience? Tell us why or why not” 

The responses to this question were also grouped according to the responses 

that a) understood complex systems, b) misunderstood complex systems, c) had no 

explanation, and d) were blank (see fig. 6.10).  The results show that 57.1% of the 

respondents understood the concept of complex systems.  This suggests that the 

students are being exposed to the idea of complex systems at some point in their 

development.  The number of respondents that gave no explanation and left their 
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response blank indicates that there is a high level of uncertainty (33%) in the results.  

More students appeared to understand the concept of complex systems on this 

question (an increase of 16.6% from the previous question).   
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Fig. 6.10. Survey Respondents’ Level of Understanding to the Question, “Is it 

important to integrate complex systems into the engineering educational experience? 

Tell us why or why not” 

The second open-answer question, “Is it important to integrate complex 

systems into the engineering educational experience? Tell us why or why not” elicited 

yes and no responses, and explanations.  The explanations were analyzed to determine 

how well the respondents understood the concept of complex systems (see fig. 6.9).  

When a contingency table was developed, the chi-squared test could not be performed 

because more than 20% of the values were less than 5.  By visually comparing the 

normalized frequency of American and Australian engineering student responses, two 
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groups stood out as being different.  The percentage of students that indicated that they 

agreed that it is important to integrate complex systems into the engineering 

educational experience, but had a misunderstanding of the concepts of complex 

systems was much higher (by 8.9%) for American students than for Australian 

students.  The percentage of students that indicated that they agreed that it is important 

to integrate complex systems into the engineering educational experience, and had a 

high level of understanding of the concepts of complex systems was much higher (by 

10%) for Australian students than for American students.  This suggests that the 

Australian students have a better understanding of the concepts of complex systems, 

although it cannot be statistically proven to be a significant difference.  When the 

responses were grouped according to the level of understanding only, a chi-squared 

test was appropriate (see table 6.3).  The results of this test indicate that at the 90% 

confidence interval level, there is a statistically significant difference between 

American and Australian responses.  These results concur with the above visual 

comparison.  This suggests that the Australian students understand the concepts of 

complex systems more than American students according to their responses to the 

open-answered questions (10.3% higher understanding) (see fig. 6.10).  This also 

suggests that the American students surveyed misunderstand the concepts of complex 

systems more than Australian students (8.5% more misunderstanding). 

The respondents that demonstrated an understanding of complex systems from 

the first two open-answer questions were used as the sample for this research question, 

“Describe any projects, courses, or extracurricular activities in which you have 

participated that use this concept of complex systems.”  Of the American respondents, 
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23.7% showed that they had an understanding of complex systems from the first two 

open-answer questions (n=28).  Of the Australian respondents, 25.3% showed that 

they had an understanding of complex systems (n=95).  From this sample, the answers 

to the third open-answer question were categorized as projects, courses, 

extracurricular activities, work, research, or none.  These results were graphed after 

being normalized according to the number of students in the sample (see fig. 6.11).   
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Fig. 6.11. Students Responses to the Question, “Describe any projects, courses, or 

extracurricular activities in which you have participated that use this concept of 

complex systems” were Coded as Projects, Courses, Extracurricular Activities, Work, 

Research, or None  

When the results were combined, the courses (39.0%) and the projects (37.4%) 

were the most frequently mentioned in the response to the question, “Describe any 

projects, courses, or extracurricular activities in which you have participated that use 

this concept of complex systems.”  The third most common response was “none,” 

(21.1%). 
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When the American and Australian results are compared, Australian students 

list projects much more often than American students (a 39.2% difference).  The 

American students list courses much more often than Australian students (a 23.5% 

difference).  Another difference between the American and Australian students is the 

larger percentage of American students listing work as a place that this concept of 

complex systems was embraced (an 8.9% difference).  This is surprising because 

Australian students are required to work for 12 weeks prior to graduation.  A possible 

explanation for this is that the surveyed students had not yet completed their work 

experience requirements.  This is typically completed between the third and fourth 

year of school.  The small percentage of students that demonstrated an understanding 

of complex systems (23.7% American, 25.3% Australian) suggests that the Likert-

scale questions associated with complex systems are not valid (numbers 21, 25, 30, 36, 

and 37 in appendix B.1).  When these questions are recalculated with responses from 

the students that understand complex systems the results are the same. 

6.3.2 Focus Group Results  

The state of complex systems in Australian and American mechanical 

engineering educational programs is compared for the following components: courses, 

extracurricular activities, and work experiences.  This section will be divided 

according to those components. 

6.3.2.1 Courses  

The prevailing theme throughout the focus group discussions was that complex 

systems were only briefly covered in their courses (see excerpt A in table 6.4).  The 
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courses that were usually cited were an American freshman “Introduction to 

Engineering” course, an Australian freshman “Introduction to Professional 

Engineering” course, or a “Senior Capstone Design” course.  The students indicated 

that complex systems was only briefly covered in these courses, the main focus was on 

the technical aspects of engineering (see excerpt B in table 6.4).  Some students 

mentioned that complex systems were included as an aside in other courses; however, 

they noted that it would be easy for students to miss the mention of complex systems.  

Overall, the students indicated that they felt that technical aspects of engineered 

systems were the only aspects that were comprehensively covered throughout their 

courses.   
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Table 6.4. 

Excerpts from the Focus Group Transcriptions that are Coded “Courses” 

 University/ 
Year 

Excerpt from the Student Focus Groups 

A. Australian 
3rd Year 

 “We probably touched on them, but whether we have gone 
into them deep enough to say that we understand them.  We 
have a knowledge of them.  We probably don’t understand 
them fully.” 

B. Australian 
3rd Year 

 “But mostly we … focus …on the technical aspects.  …. 
The only one I’d say that they nailed at uni [university] is 
technical.  The social/ cultural is going to be very person 
dependent…But in terms of economical and environmental 
and global, we just scratched the surface.” 

C. American 
Senior 

 “Exactly.  We still need a writing class, but sending us to 
the English department is pretty inane.  … learning how to 
write an expository paper on … the color of the sky is … 
different than writing a lab report.” 

D. American 
Junior 

 “Sometimes you can make a connection on your 
own…Fluids and thermo both are basically talking about 
the same stuff.  And there’s other classes that crossover all 
of the time.  But I really hope that there’s some class that 
we can take as seniors that pulls everything 
together…otherwise it’s just all these ideas… It would help 
to have some instruction on how to put them together.” 

   

 
A difference between Australian and American engineering programs that 

surfaced in the focus groups was the inclusion or exclusion of liberal arts courses in 

the curriculum.  The Australian students indicated that they were not required to take 

liberal arts courses.  In the American focus groups, the students’ overwhelmingly 

agreed that liberal arts courses were not particularly helpful in their engineering 

educational development (see excerpt C in table 6.4).  However a few students 

indicated that the liberal arts courses were necessary to provide a well-rounded college 

education.  The students agreed that the liberal arts courses were not only unconnected 
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to their engineering courses, but that they were also difficult to reconcile with 

engineering concepts.  For example, the juniors explained that they when they tried to 

apply what they learned in their “English” courses to assignments in their engineering 

lab courses, they were not successful.  Their engineering professors preferred lab 

reports that are in a structure similar to the way they were taught in high school 

science courses.  The seniors suggested that explicitly connecting liberal arts courses 

with engineering courses would remedy this problem, i.e. offering a technical writing 

course in the place of the English course.  Some students also suggested that instead of 

taking a fine arts elective, an option to take another engineering elective would be 

beneficial to their educational development.  A theme that surfaced in the American 

focus groups was the lack of an apparent connection between the different courses 

within engineering (see excerpt D in table 6.4).   

6.3.2.2 Extracurricular Activities 

The American and Australian students indicated that complex systems could 

be easily introduced through departmental extracurricular activities such as the SAE 

formula car or the solar boat.  The students also indicated that extracurricular activities 

help one become a well-rounded person, which is a characteristic in alignment with 

complex systems thinking (see excerpt A in table 6.5).  However, the American and 

Australian students indicated that these departmental extracurricular activities were 

not accessible to the majority of the students (see excerpt B in table 6.5).  The students 

expressed confusion about the departmental extracurricular activities program being 

such a small program (see excerpt C in table 6.5).  
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Table 6.5. 

Excerpts from the Focus Group Transcriptions that are Coded “Extracurricular 

Activities” 

 University/ 
Year 

Excerpt from the Student Focus Groups 

A. Australian 
3rd Year 

“People think that if you automatically get good grades, you get 
paid more.  You will get a good job, and that’s just not true.  It 
depends on the character that you have and, the extracurricular 
activities are great themselves, but they also, I think, are 
character building.  And that’s probably a big thing.  And I’d 
push that, probably even more than, as much as the engineering.” 

B. Australian 
3rd Year 

“If the uni [university] wants to be building better people on the 
whole.  Then they need to be looking at schemes for everyone as 
opposed to 10 or 15.” 

C. American 
Junior 

“Well, I mean it’s not like you don’t have enough time to do 
them.  You could definitely do that stuff and still do your 
schoolwork.  It was confusing to me why we don’t have a bigger 
program like that.  I understand that people have to work and 
they’ve got to do this.  It definitely should be a lot bigger than 
what it is.  We definitely do have the capability of doing it.”  

   

6.3.2.3 Work Experiences 

The difference that stood out most prominently among the different 

components (courses, extracurricular activities, and work experiences) was the 

difference in work experience between the American and Australian engineering 

students.  The Australian students explained that the required work experience elicited 

an understanding of the non-technical aspects of engineering (see excerpt A in table 

6.6).   The work experience also provided context for the required courses, which led 

to an increased likelihood of learning.  An Australian senior completed her work 

experience during the summer after taking an engineering management course and 

only after the work experience did she understand the purpose of a required course 
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(“Engineering Management”) that she had previously taken (see excerpt B in table 

6.6).  An Australian junior recommended requiring work experience at an earlier time 

in the curriculum so that they can have context for their courses (see excerpt C in table 

6.6).  The American students recommended requiring work experience (see excerpt D 

in table 6.6).  Their discussion of work experiences was very general, and less than 

half of the students had work experience in an engineering environment (45%). 
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Table 6.6. 

Excerpts from the Focus Group Transcriptions that are Coded “Work Experiences” 

 University/ 
Year 

Excerpt from the Student Focus Groups 

A. Australian 
4th Year 

“I think work experience is really the only time when we gain 
exposure to everything outside of the technical…when I went 
into my work I wasn’t really all that helpful on the technical 
side, because you’re still an undergrad [undergraduate] you can’t 
really do much more.  …  Beyond vac work [vacation work, 
referring to required work experience]…I don’t really think we 
dig much into it [complex systems].”  

B. Australian 
4th Year 

“I did my vac work after that course [engineering management 
course].  I found the course really beneficial when I was in vac 
work.  But I found that I didn’t enjoy it when I did the course.  I 
thought it was useless.  But now I understand.”  

C. Australian 
3rd Year 

“After I did my first set of work experience I came back and 
could sit in certain lectures and relate to stuff a lot more…As 
soon as something comes up that you can actually relate to 
you’re much more likely to pay attention to it… and to look into 
it properly.  So if they did that earlier on and people could get a 
good feel for what they needed, then they’d pay a lot more 
attention and focus on the right stuff later on and throughout 
their degree.”  

D. American 
senior 

“If you could drag some experience into that classroom 
knowledge and make it part of the curriculum.  I think you could 
put out a better student and a better applicant.” 

   

6.4 DISCUSSION 

The student survey and focus group data indicate that there is a disjuncture 

between American and Australian mechanical engineering undergraduate students’ 

perceptions of student outcomes and the educational experience.  The students rated 

certain student outcomes (especially critical thinking, multicultural teamwork, and 

multidisciplinary teamwork) as being very high in the surveys, but then in the focus 

groups they suggested that there were not opportunities for students to obtain these 
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outcomes.  This could be the difference between what the students believe ought to be 

occurring versus what actually is occurring. 

Overall, the key differences between American and Australian results relate to 

the following: 

• The inclusion of life sciences and liberal arts courses in the American 

curriculum, 

• The presence of ethics in the curriculum, 

• Students’ understanding of complex system integration, 

• Students’ citing courses and/or projects as embracing complex systems, 

and 

• The level/depth of integration into courses, extracurricular activities, 

and work experiences. 

Each of these key differences will be discussed.   

The results of the student surveys suggest that while American students take 

more liberal arts courses (humanities, social sciences, English, and life sciences) they 

have a lower understanding of complex systems than their Australian counterparts.  

This suggests that simply including courses from other disciplines does not produce 

more well-rounded engineers.  This could a result of students not understanding the 

connections between liberal arts courses and their engineering courses.  Do students 

understand these connections by the time they finish their undergraduate degree? 

Life sciences are becoming more and more important in many emerging areas 

of engineering, such as bioengineering and nanotechnology.  Concepts of complex 

systems are the groundwork of life sciences.  This high percentage of American 
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students that indicate that the basics of life sciences are covered in their engineering 

coursework is an indicator that complex systems may be prevalent in American 

engineering educational programs.  The low percentage of Australian students that 

indicate that the basics of life sciences are covered in their engineering coursework is 

an indicator that complex systems may not be prevalent in Australian engineering 

educational programs. 

The responses to the question, “How often has your program addressed the 

interrelationship of engineering with…” indicates that the interrelationship of ethics 

with engineering is addressed more in Australian engineering educational programs.  

Professional society codes usually address a micro-ethic, an ethic that applies to the 

behaviors of an individual engineer.  However, ethics is an area that can embrace this 

concept of complex systems when viewed from a macro-level (Russell and Peters).  

The President of the National Academy of Engineering, William Wulf, indicates that 

macro-ethical concerns are very different from the traditional micro-ethical concerns 

and the reason lies in the complexity and the inherent uncertainty of problems with 

which engineers are currently dealing (“Great Achievements”).  Depending on 

whether a micro-ethic or macro-ethic is being presented in engineering educational 

programs, the results to this question could imply that Australian engineering students 

are being more exposed to complex systems through ethics, or they could simply be 

more exposed to a simple systems view of ethics—a micro-ethic.  The implications of 

this question need to be explored further by additional research. 

The students’ understanding of complex systems integration differed amongst 

American and Australian students.  According to the survey data, the American 
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students misunderstood complex systems, while the Australian students had a higher 

level of understanding of complex systems.  This difference in the students’ 

understanding of complex systems suggests that somewhere in the Australian 

students’ development, they are exposed to complex systems.  This may or may not be 

occurring in their engineering educational development program. 

There is also a difference amongst American and Australian students that cite 

courses and projects as opportunities to be exposed to complex systems.  There were a 

higher percentage of Australian students that understand complex systems and of those 

students they most often cited projects as integrating concepts of complex systems.  

This suggests that the Australian engineering educational development experience 

involves a higher percentage of projects or that the projects integrate complex systems 

better than their American counterparts.  Because there was a lower percentage of 

American students that understand complex systems and of those students who did 

understand complex systems most often cited courses as a way to integrate complex 

systems.  This suggests that the American engineering educational program exposes 

students to complex systems in the courses, however many students are not “getting 

it.”  This could also suggest that the American engineering educational program 

consists mainly of courses, so the surveyed students only had courses and course 

content to pull examples from.  It should be noted that the results from the questions 

that determined how well the students understood complex systems may be misleading 

due to the way that the author determined whether the student understood complex 

systems.  Many of the students mentioned “real-world” in their discussion, which 

elicited a category of yes, low level of understanding.  This could mean that they 
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understand complex systems, or it could mean that they think that complicated 

systems are in the real world.   

The level or depth of integration into courses, extracurricular activities, and 

work experience differed amongst American and Australian students.  In the focus 

groups, the students indicated that there was a low level of complex systems 

integration into their courses.  This is not in agreement with the American survey 

respondents that indicated that complex systems are integrated into courses.  However, 

this correlates with the Australian survey respondents that indicated that complex 

systems are not integrated into the courses.  In the student surveys, the American and 

Australian students did not mention that complex systems are integrated into 

extracurricular activities (around 10% of the students that understood complex 

systems cited extracurricular activities as a way that the educational program 

embraced complex systems).  This correlates to the focus group data from America 

and Australia, where the students indicated that complex systems may be integrated 

into extracurricular activities, however opportunities to participate in extracurricular 

activities are rare.  The integration of complex systems into work experiences differed 

for American and Australian survey and focus group respondents.  There was a 

disjuncture between American responses.  The students mentioned work experiences 

more often than Australian students in the surveys; however, work experiences were 

mentioned only in a general sense in the focus groups.  There was also a disjuncture 

between the Australian responses.  The students rarely mentioned work experiences in 

the surveys; however they mentioned work experiences to a high degree and provided 

examples in the focus groups.   
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6.5 IMPLICATIONS 

The results of this portion of the study could have implications for engineering 

education in America and Australia.  The following questions arise in response to this 

study: 

• How can courses or course structure be altered to embrace complex 

systems?  Does the current curriculum encourage students to become 

complex systems thinkers?   

• Are the liberal arts courses (humanities and social sciences) 

accomplishing their original intention?  If the intention is to produce 

well-rounded engineers, is this the case? Would using complex systems 

as a conceptual framework help provide connections amongst different 

courses? 

• In what ways can students be encouraged to participate in 

extracurricular activities?  How can extracurricular programs become 

more available to a larger percentage of students? 

• How can work experience be integrated into the educational 

experience?  Is this a best practice that should be implemented into 

American engineering programs?  Would industry support a required 

work experience for all undergraduate students?  One American 

university, Virginia Commonwealth, requires a summer internship 

between the junior and senior year.  This program could give some 

insight into the likelihood of success of requiring a work experience at 

other American engineering colleges. 
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6.6 CONCLUSIONS 

The author examined how current engineering educational programs in 

America and Australia equip engineering students to practice at the intersection of 

complex systems by conducting online surveys and focus groups with undergraduate 

mechanical engineering students.  The data suggests that there is a serious disjunction 

between American and Australian mechanical engineering undergraduate students’ 

perceptions of student outcomes and the educational experience.  Overall, the key 

differences between American and Australian results relate to the following: 

• The inclusion or exclusion of life sciences and liberal arts courses, 

• The presence of ethics in the curriculum, 

• Students’ understanding of complex system integration, 

• Students’ citing courses and/or projects as embracing complex systems, 

and 

• The level/depth of integration into courses, extracurricular activities, 

and work experiences. 

These differences suggest that although American universities have an emphasis on 

life sciences and liberal arts in the curriculum, the student exposure to complex 

systems is low.  In Australia, engineering-related courses occur throughout their 

curriculum and their students appear to have a better understanding of complex 

systems.  This challenges the assumption that including several humanities courses in 

the engineering curricula is sufficient to produce well-rounded engineering graduates 

(Rugarcia et al.). 
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The results of this part of the study described and compared the state of 

complex systems study in mechanical engineering programs in America and in 

Australia according to undergraduate mechanical engineering students.  Complex 

systems study is present to some degree in both American and Australian engineering 

educational programs.  Questions that elicited responses that indicated the extent to 

which the students understand complex systems were asked on the online survey.  

This indicated that Australian students have a better understanding of complex 

systems than American students.  Specific examples of educational opportunities 

(courses, projects, and extracurricular activities) that integrate complex systems study 

were also described in detail.  Overall, the student surveys indicated that complex 

systems study was present due to the American students indicating that they have 

received a basic foundation in English, humanities and social sciences, and life 

sciences and the demonstrated higher understanding of complex systems for 

Australian students.  The higher understanding of complex systems among Australian 

students may be due to factors beyond the undergraduate educational development 

program.  A difference in Australian culture or society could lead to a better 

understanding of complex systems.  Looking outward from the United States can 

result in alternative ways to prepare engineering students to practice at the intersection 

of complex systems.   
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CHAPTER SEVEN 

FACULTY SURVEYS AND INTERVIEWS 

7.1 RESEARCH PURPOSE 

 This part of the study investigated and compared the extent of complex 

systems study integration according to faculty across two domains, American 

undergraduate mechanical engineering programs and their Australian counterparts.  

Faculty surveys and interviews were conducted during spring and fall of 2005.  Out of 

the faculty surveys and interviews emerged a more detailed investigation which 

focused on three specific components within each educational domain: undergraduate 

mechanical engineering course content, extracurricular activities, and work 

experience.   

7.2 RESEARCH DESIGN 

This research project involved participants from both America and Australia, 

and used data collected from online surveys and in-person interviews.  A discussion of 

study participants, methods, variables, and analysis is presented next.  

7.2.1 Participants 

Both American and Australian faculty participated in this study.  From each 

country, the authors requested that the faculty of targeted universities respond to an 



 

142 

online survey.  All mechanical engineering faculty, according to current faculty 

listings on the departmental websites, were targeted for this study.  An attempt was 

made to personalize each email by addressing the letter with the recipient’s name and 

by sending the emails individually to each recipient.  Overall the response rate was 

low, but it should be noted that an attempt was being made to receive non-targeted 

feedback.  The low response rate may be due to professors assuming that the professor 

that is responsible for the undergraduate program would complete the survey.   

The American survey sample included faculty respondents from nine colleges 

and universities that a) are Research I Universities, b) offer a bachelor’s degree in 

mechanical engineering, and, c) were one of the nine randomly selected universities.  

The tenth university, USC, was not included in the survey sample to avoid 

contamination of interview results.  Letters were e-mailed to 291 faculty members 

requesting that they complete an online survey (see appendix A.6).  Faculty at each of 

the nine targeted American Universities returned responses; in total, American 

engineering faculty returned 20 responses to the online survey.  

The Australian survey sample included faculty respondents from nine of the 

ten universities termed “Group of Eight” Engineering Universities (i.e., equivalent to 

having a Carnegie Classification of a Research I University; in the engineering 

“Group of Eight” there are also two associate universities in addition to the standard 

“Group of Eight” universities).  The tenth university, UQ, met the criteria of those 

institutions targeted for survey distribution; however it was not included in the survey 

sample to avoid contamination of interview results (i.e. the faculty that participated in 

the interview have not previously seen the questions).  Letters were e-mailed to 292 
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faculty members requesting that they complete an online survey (see appendix A.6).  

Faculty at eight of the nine targeted Australian Universities returned responses; in 

total, Australian engineering faculty returned 19 responses to the online survey. 

Upon completion of survey data collection, the authors collected interview 

data.  Ten mechanical engineering faculty members at USC and ten mechanical 

engineering faculty members at UQ participated in interviews designed to provide 

additional insight into survey results.  At USC, the faculty members were recruited by 

e-mailing a letter to all of the faculty members (see appendix A.7).  At UQ, the faculty 

members were recruited by e-mailing an introductory letter from Professor David 

Radcliffe (see appendix A.8.) with the letter requesting participation in an interview 

attached (see appendix A.7).  At USC and UQ, an attempt was made to receive non-

targeted feedback by asking all mechanical engineering faculty members to participate 

in an interview.  Specific professors were not targeted to participate in the interviews 

in an attempt to keep the results unbiased. 

USC’s Institutional Review Board granted exception from the human subject 

research based requirements due to the voluntary nature of the research and the 

research not being connected to academic requirements (see appendix A.5 for the 

approval letter). 

7.2.2 Methodology 

The author developed the survey questions with input from Dr. Wally Peters 

and Dr. Michelle Maher, experts in complex systems and higher education 

respectively.  The author posted these questions online using CTL Silhouette featuring 

the FlashlightTM Current Student Inventory Version 3.0 (see appendix B.2).  The 26-
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item survey utilized check boxes, a 6-point Likert scale (options ranging from 

“Strongly Disagree” to “Strongly Agree”), open answer formats, and radio buttons.  

The online survey contained 14 open-ended questions, which addressed successful and 

unsuccessful engineering traits, ways to improve the educational program, student 

attraction, student retention, and the state of complex systems integration into the 

educational process.  For this study, the author analyzed the responses to the open-

ended questions that addressed complex systems.  A follow-up interview protocol 

contained 14 open-ended questions that were identical to the open-ended questions 

asked in the online survey (see appendix C.3).   The author also developed a complex 

systems handout that illustrates the concepts of complex systems (see appendix 

C.2).The authors analyzed the responses to the Likert-scale survey questions, the 

open-ended survey questions, and the interview questions for this study. 

7.2.3 Study Variables and Analysis 

The author analyzed the online survey Likert-scale questions using Microsoft 

Excel.  First, the author calculated the mode of each question for the American and the 

Australian responses.  The modes were displayed graphically with a bar chart so that 

subtleties between the American and Australian data sets could be seen.   

The author collected the online survey open-ended question responses and 

entered them into NVivo version 1.2, which provided a way to organize the responses 

during analysis.  The interviews were recorded, transcribed, and also entered into 

NVivo. 

To begin analysis, the author reviewed online survey open-ended question 

responses and interview transcripts to develop descriptive codes, which identified 
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broad themes across faculty responses.  Three broad codes emerged from this review: 

content, competencies, and perceptions.  Content refers to the parts of the educational 

development system, such as the courses, subsets of the courses, descriptions of the 

courses, and interrelationships amongst the courses (see appendix D.1).  An example 

of an excerpt coded as content is the following: “In the class I teach, we mostly focus 

on the technical and mathematical areas,” (USC Professor).  Competencies refer to 

qualities that demonstrate whether or not a student is qualified to perform as an 

engineer (see appendix D.2). An example of an excerpt coded as competencies is the 

following: “It’s [referring to characteristics of successful engineers] the ability to 

action the technical knowledge through the agency of people and political, social, and 

economic environments,” (UQ Professor).  Perceptions refer to an insight that is based 

primarily on intuition (see appendix D.3).  An example of an excerpt coded as 

perceptions is the following: “I think the people who are unsuccessful engineers are 

too narrow in their thinking,” (USC Professor).  Within each of these broader codes 

there are sub-codes, which are provided with descriptions in appendix D, tables D.1 

through D.3. 

To establish trustworthiness, the author coded and then re-coded the 

transcriptions three weeks later.  To ensure reliability in coding, the author ensured 

that a firm coding scheme was in place before coding the data.  The author 

consistently applied these codes to this data set.  These codes were then analyzed to 

the author, Dr. Wally Peters, and Dr. Michelle Maher to determine patterns within the 

transcriptions. 



 

146 

7.2.4 Limitations 

The limitations of this portion of the research project are that there was only 

one rater, the small sample size, and the language or cultural differences.   Involving 

multiple raters would ensure that the results are more reliable, i.e. inter-rater 

reliability.   Increasing the number of universities and the number of participants 

would increase the validity of these results.  Finally, the differences in language or 

cultural differences between the American survey and interview protocol author and 

the Australian participants could lead to unreliable results. 

7.3 RESULTS 

The extent of complex systems study representation in American and 

Australian mechanical engineering educational programs was assessed through online 

faculty surveys and faculty interviews.  The extent to which complex systems is 

incorporated into undergraduate mechanical engineering educational development 

according to the faculty was determined by analyzing the survey responses and 

interview transcriptions.  This section will be divided into two categories—survey and 

interview results. 

7.3.1 Survey Results  

An investigation and comparison of the extent of complex systems study 

integration into both American and Australian mechanical engineering education 

programs suggested both overlap and differences between the two countries’ 

programs.  
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Faculty responses to the survey question stem, “Engineering graduates have an 

understanding of the interrelationship of engineering with…” are presented in Figure 

7.1.  American and Australian faculty were in agreement across many categories.  

Areas of agreement suggest faculty in both programs believe engineering graduates 

have an understanding of the interrelationship of engineering with social norms, 

ethics, earth systems, and economy, but that engineering graduates do not have an 

understanding of the interrelationship of engineering with politics.   American and 

Australian faculty disagreed in two categories. The American faculty indicated that 

graduates do not understand the interrelationship of engineering with law and 

aesthetics, while the Australian faculty indicated that graduates do understand the 

interrelationship of engineering with law and aesthetics.  Aesthetics, law, and politics 

are non-technical aspects of engineered systems.  Therefore an understanding of the 

interrelationships of engineering with these non-technical aspects would suggest an 

integration of complex systems.  The differences between American and Australian 

faculty responses suggest that complex systems integration is more prevalent in 

Australian mechanical engineering educational programs.  
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Fig. 7.1. Mode of Faculty Responses to the Question Stem, “Engineering graduates 

have an understanding of the interrelationship of engineering with:…,”  1—strongly 

disagree, 2—disagree, 3—slightly disagree, 4—slightly agree, 5—agree, and 6—

strongly agree 

Faculty responses to the survey question stems “Engineering graduates are 

equipped to …” and “Engineering graduates should be equipped to…,”  indicated that 

American and Australian faculty believe that graduates are equipped to work in the 

realm of complex systems and that the graduates overwhelmingly should be equipped 

to work within this realm (see fig. 7.2).  The modes were at the slightly agree level or 

higher for the question stem, “Engineering graduates are equipped to…” (see fig. 7.2).  

The American and Australian responses were within one point on the Likert scale of 

each other, which was not considered to be a significant difference.  The modes were 
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at the strongly agree level for the question stem, “Engineering graduates should be 

equipped to…” (see fig. 7.2).  These results indicate that while there is room for 

improvement in the abilities for graduates to work within the realm of complex 

systems, the state of complex systems study in mechanical engineering programs is 

thriving.  These results also indicate that the faculty surveyed place importance on the 

ability of engineering graduates to work in the realm of complex systems. 
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Fig. 7.2. Mode of Faculty Responses to the Question Stem, “Engineering graduates 

are equipped to:…” which Corresponds to the Columns, and “Engineering graduates 

should be equipped to:…” which Corresponds to the Dashed Line; 1—strongly 

disagree, 2—disagree, 3—slightly disagree, 4—slightly agree, 5—agree, and 6—

strongly agree 

The survey results for open-ended survey questions coded as content brought 

attention to the differences between American and Australian mechanical engineering 

programs.  The American survey participants predominately cited examples of 

introduction to engineering, senior design courses, or capstone design courses as the 
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place where students learn about complex systems, i.e. a bookend model of complex 

systems integration.  One American survey respondent indicated that complex systems 

were taught in the “Engineer in Society” course.  A few participants mentioned 

extracurricular activities as another chance for students to learn about complex 

systems.  This differed greatly from the Australian survey participant’s responses, 

which indicated a full, cross-curricular integration of complex systems.  The faculty 

mentioned courses that occur throughout the undergraduate educational experience 

that teach the concept of complex systems.  These courses are design projects, group 

projects, and exposure to the systems approach that occur every year throughout the 

mechanical engineering student’s education.  Australian participants also mentioned 

extracurricular activities, the final year thesis, electives, lectures, case studies from 

industry, engineering management courses, a “Technology and Society” course, and 

the 12-week work experience requirement.  One quote from an Australian professor 

specifically addressed the state of complex systems integration in the mechanical 

engineering program: 

In Discovering Engineering. We also have a course in Systems Design 

that covers this [complex systems] and also in Engineering 

Management. There is also a 4th year Systems Engineering course 

(project based). These are all core. We have developed a philosophy 

which encompasses a "whole systems engineering approach." We are 

working on a book to feed into our undergrad and post grad courses 

with this philosophy. 



 

152 

The survey data suggest that exposure to complex systems study is prevalent in 

American and Australian mechanical engineering programs than in American 

programs.   

7.3.2 Interview Results 

Interview transcriptions provided more depth to the survey results.  Three 

specific themes, courses, extracurricular activities, and work experiences emerged as 

critical areas of complex systems integration in the undergraduate mechanical 

engineering programs.   

7.3.2.1 Courses.   

Courses were cited as a place where students were exposed to complex 

systems study in all of the interviews.  The courses commonly mentioned by USC 

professors were the “Introduction to Engineering” course and the “Senior Design” 

courses, i.e. a bookend model of complex systems integration.  The courses commonly 

mentioned by Australian professors occurred frequently throughout the curriculum.  

Many of the Australian professors mentioned courses and projects that occurred 

throughout the entire curriculum as opposed to only the beginning and end of the 

curriculum (see excerpt A in table 7.1).   
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Table 7.1. 

Excerpts from the Interview Transcriptions that are within the Courses Theme 

  University/ 
Title 

Excerpt from the Interview Transcriptions 

A. UQ 
Professor 

“Well, it’s [complex systems study is] brought onto them 
gradually.  By starting in 1st year with group projects.  And in 
2nd year … And then in the 3rd year of course the projects get 
bigger… The exercises get more complex, the tasks they have 
to perform.  And in the final year it’s capped off with a thesis 
or a major design project.” 

B. USC 
Professor 

“You could argue, well, senior design is doing that 
[incorporating complex systems, but I could argue, well it’s 
not actually doing that.  Senior design projects … are senior 
build projects, worse than design.  They’re building it, and 
then they look, well we need to give a presentation, so can we 
do some… type of analysis, but after the fact.” 

C. USC 
Professor 

“We’re telling the ABET people that it's in engineering 101.” 

D. USC 
Professor 

“I think that they [mechanical engineering students] can get it 
[complex systems] across campus too, but I think most of them 
view the courses that they take across campus as unnecessary 
evil, and just get through it.  …Most of them just go over there 
bored to death and want to get the hell out of there, they do 
what they've got to do and come back here.”  

   

 

At USC, senior capstone courses were often noted as a place to integrate 

complex systems study.  The faculty indicated that they believed that the students 

should be exposed to complex systems study in the senior design courses; however, 

many of the faculty at USC expressed uncertainty as to whether or not these courses 

actually exposed the students to complex systems study.  Some of the American 

faculty took it a step further to say that the senior design courses do not expose the 

students to design; the projects usually require the students’ to analyze what they 

build, but never to design (see excerpt B in table 7.1).  Many of the USC faculty 

explained that complex systems integration should be in the introduction to 
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engineering course and the senior design courses; however they implied that it is not.  

One professor made this implication by explaining that the faculty are telling ABET 

that complex systems study is present in the freshman introduction to engineering 

course; however the language that he used implied that complex systems study is not 

present in this course (see excerpt C in table 7.1). 

American and Australian professors agreed that students’ exposure to complex 

systems integration was not the main focus, but a by-product of the courses.  For 

example, when working on a design project the students’ main focus is the technical 

aspects, however they must consider the non-technical aspects when selecting and 

justifying their selection of the best design.  Design courses were often cited as 

examples in the curriculum where complex systems integration is present.  However, 

it was suggested by a few Australian faculty members that the analysis type courses 

may actually inhibit the understanding of complex systems study integration. 

USC faculty also implied that a few electives and/or liberal arts courses might 

offer additional opportunities for students to be exposed to complex systems study.  

However, there was some doubt as to the students’ perception of the liberal arts 

courses.  A USC professor explained his perception of the typical mechanical 

engineering student’s poor attitude towards liberal arts courses (see excerpt D in table 

7.1).  This suggests that students do not take liberal arts seriously; they take the easiest 

courses possible and try to get through them quickly and painlessly so that they can 

return to their engineering courses.  It should be noted that the American and 

Australian curriculum are different in that the Australian curriculum does not include 

liberal arts courses (see Chapter 4 for more details). 
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7.3.2.2 Extracurricular activities 

Extracurricular activities were mentioned as an opportunity for students to be 

exposed to complex systems.  Extracurricular activities were rarely mentioned in the 

interviews (in 40% of the UQ interviews and in 20% of the USC interviews).  The 

main difference between the Australian and American responses that mentioned 

extracurricular activities was that UQ faculty discussed the extracurricular activities in 

detail and with enthusiasm, while the USC faculty only mentioned extracurricular 

activities in a general sense.  

In Australia, the Formula Society of Automotive Engineers (SAE) car was 

often noted when faculty members referred to extracurricular activities.  All UQ 

faculty who mentioned extracurricular activities discussed the SAE car.  Most of the 

UQ faculty were enthusiastic about the SAE car, and went into detail about the 

benefits of this project (see excerpt A in table 7.2).  However, one UQ faculty member 

discussed the solar car, which four years earlier had been the major departmental 

extracurricular activity (see excerpt B in table 7.2).  He believed that the solar car was 

a better way to integrate complex systems study into the educational development of 

undergraduate students.  He mentioned that the solar car inherently brings attention to 

more aspects of complex systems (such as the environmental ones) than the SAE car.  

He indicated that the move from the solar car to the SAE car was a step backwards in 

terms of exposure to different aspects of complex systems.  This suggests that AusU is 

integrating complex systems less than previously. 
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Table 7.2.  

Excerpts from the Interview Transcriptions that are within the Extracurricular 

Activities Theme 

 University/ 
Title 

Excerpt from the Interview Transcriptions 

A. UQ Lecturer “Oh, just the formula SAE car … there’s a group of 
students, they have to do it all themselves…seems to be a 
fantastic sort of activity to have to deal with lots of 
interacting complex systems.  With the people and the safety 
issues.  Just the logistics of getting to places and things like 
that.” 

B. UQ Lecturer “We’ve had the solar car, which was good.  I believe that we 
have taken a step backward now that we have the formula 
SAE car.  I mean, obviously a solar car forces you to focus 
on some of the sustainable issues, the ethical issues.  I think 
that [we are] taking a step back …when we introduce 
something … like the racing car.  … It’s basically a 
technical problem.  The environmental issues will not be 
introduced in those kind of extracurricular too.  So, it would 
be better to focus on environmental, on emissions.  …But 
there’s not an actual consideration put up front like they 
used to do with the solar car.  So, I think they are taking a 
step back in terms of the extracurricular activities.  Because 
between the two activities, they can focus more on the 
environmental stuff, communications, and stuff like that.” 
 

C. USC 
Assistant 
Professor 

“All the extracurricular stuff gives it to you.”  

   

 

In America, extracurricular activities were mentioned in a much more general 

sense and without enthusiasm.  After being asked to describe educational opportunities 

that incorporate complex systems, for example, courses, projects, work experiences or 

extracurricular activities, most of the faculty did not mention extracurricular activities 

at all (eight of the ten participants did not mention extracurricular activities).  The two 

participants who did mention extracurricular activities mentioned them in a very 
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general sense (see excerpt C in table 7.2).  They did not provide examples of 

extracurricular activities or show enthusiasm about extracurricular activities; instead, 

they simply indicated extracurricular activities would be an opportunity to incorporate 

complex systems. 

7.3.2.3 Work Experiences  

The faculty interviewed in America and Australia agreed that students are 

exposed or would be exposed to complex systems during a work experience.  Work 

experience was mentioned frequently in the interviews (in 70% of the UQ interviews 

and 70% of the USC interviews).  The main difference between the Australian and 

American responses was that the UQ faculty discussed the work experience 

requirement in detail, while the USC faculty only mentioned work experiences in a 

general sense. 

In Australia, engineering students are required by the Engineers Australia 

Accreditation Body to work for 12 weeks under the supervision of an engineer.  The 

work experience is a degree requirement, but does not earn the student course credit.  

All of the UQ professors who mentioned work experience as an educational 

opportunity that integrates concepts of complex systems cited the required work 

experience (see excerpt A in table 7.3).  The faculty also indicated that after 

completing their work experience, the students’ genuinely understand the purpose of 

many of the courses in the engineering curriculum (see excerpt B in table 7.3).  

Another work experience mentioned was a program called “Professional Site 

Learning.”  Students who participate in this program work in industry on a project 

while completing the tests and other requirements for their courses.  They learn the 
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material on-site at a company, instead of in the classroom.  This program integrates 

the concepts of complex systems into the student’s educational development (see 

excerpt C in table 7.3).  Overall, the UQ faculty who mentioned student work 

experiences provided specific examples of those work experiences that integrate the 

concept of complex systems. 

Table 7.3.  

Excerpts from the Interview Transcriptions that are within the Work Experiences 

Theme 

 University/ 
Title 

Excerpt from the Interview Transcriptions 

A. UQ 
Professor 

“All of our students have to do work experience.  60 days in an 
engineering environment.  So there they certainly get exposed 
to the wider aspects of engineering.” 

B. UQ 
Professor 

“Yeah, the place where you see it, the light coming on for 
students is all of our students have to do 12 weeks of vacation 
work somewhere across the duration of their program.” 

C. UQ 
Professor 

“The only other opportunity that they have is a particular form 
of co-op education we have called Professional Site Learning 
…They’re going to do a project for a company during semester 
time but inevitably that’s done on site in the company.  It’s an 
investigation into design…  And their project inevitably has 
many dimensions to it, not just technical.  And sort of again 
they get to see, the professional components.” 

D. USC 
Professor 

“Yeah, work experiences or co-op would be a good way to 
learn more about complex systems.  Or to be exposed to it.” 

E. USC 
Professor 

“And if they go out and work in the local industry they're 
probably getting more of that [complex systems] exposure in 
the local industry than they are [getting] here.”   

F. USC 
Professor 

“I think perhaps one way of doing it is to offer a cohesive coop 
program or summer intern program.” 

   

 

In America, faculty mentioned that work experiences would be a good way for 

students to be exposed to complex systems.  However, they referred to these 

experiences in a very general sense (see excerpt D in table 7.3).  The USC faculty also 
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indicated that a work experience would integrate the concepts of complex systems 

better than their courses (see excerpt E in table 7.3).  One professor mentioned that a 

way to improve the educational program at USC would be to be more supportive of 

work experiences, whether through co-ops or internships (see excerpt F in table 7.3).  

Again, these work experiences would provide students an understanding of how 

complex systems are integrated into engineering. 

7.4 DISCUSSION 

The faculty survey and interview data indicate that there is a disjuncture 

between American mechanical engineering faculty perceptions of student outcomes 

and the educational experience.  The faculty rated certain student outcomes (especially 

critical thinking, multicultural teamwork, and multidisciplinary teamwork) as being 

very high in the surveys, but then in the interviews they suggested that there were not 

opportunities for students to obtain these outcomes.  This could be the difference 

between what the faculty believe ought to be occurring versus what actually is 

occurring.  Or this may be a disjuncture between AmerU and the other nine 

mechanical engineering programs.   

The faculty survey and interview data indicate that there is a correlation 

between Australian mechanical engineering faculty perceptions of student outcomes 

and the educational experience.  The faculty related certain student outcomes as being 

very high in the surveys, and also indicated that there were many opportunities for 

students to obtain these outcomes.  When describing these outcomes the descriptions 

were very specific (many complex systems examples were coded in the Australian 

sample).   
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Overall, the key differences between American and Australian results relate to 

the following: 

• Faculty’s understanding of complex system integration, 

• Faculty familiarity with the curricula, and  

• The level/depth of integration (bookend model in USC versus full 

cross-curricular integration in UQ. 

Each of these key differences will be discussed.   

The faculty’s understanding of complex systems integration differed amongst 

Australian and American faculty.  The American faculty had a low level of 

understanding of complex systems integration.  This was by comparing their responses 

to the complex systems questions to those of the successful/ unsuccessful engineer 

questions (What characteristics are important for successful engineers and what 

characteristics are prevalent in unsuccessful engineers?).  The American faculty 

indicated that the emphasis in courses was on the technical aspects of engineering.  

They indicated that students should be exposed to complex systems in a freshman, 

introduction to engineering course and in a senior design course; however, they 

consistently indicated that the emphasis was on the technical aspects of engineering.  

When asked what characteristics are important for successful engineers, the faculty 

most commonly mentioned interpersonal skills, people skills, the ability to understand 

aspects beyond technical issues, and the ability to deal with uncertainty.  This 

discrepancy between what the faculty indicated as being important (the technical 

aspects of engineering) and what characteristics are important for successful engineers 

(the non-technical aspects of engineering) indicates that the faculty do not have a firm 
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understanding of complex systems integration.  Most of the Australian faculty 

responses to questions throughout the interview indicated that complex systems were 

integrated throughout the curriculum and that they believed that integrating complex 

systems into the educational experience were important for the graduates to become 

successful engineers.  However, when discussing the extracurricular activities the 

faculty indicated that the previous solar car integrated concepts of complex systems; 

however the current SAE car does not involve complex systems. 

The faculty’s familiarity with the educational experience differed for American 

and Australian faculty.  The American faculty consistently referred to their class and 

discussed generally what should be occurring in other educational experiences 

(courses, extracurricular activities, and work experiences).  The Australian faculty 

consistently described specific examples from a broad spectrum of educational 

experiences (ones that they are not personally involved in).  Increasing the faculty 

awareness of educational experiences may be the first step to incorporating complex 

systems into the mechanical engineering educational experience.  

The level and depth of integration of complex systems differed for American 

and Australian mechanical engineering programs according to the faculty.  In 

American universities, the faculty explained that complex systems should take place in 

the freshman introduction to engineering course and in the senior design sequence (see 

above paragraph about faculty familiarity with the curricula).  In Australian 

universities, the faculty indicated that complex systems occurred throughout the 

curriculum.  This suggests that there is a significant difference between the integration 

of complex systems in American and Australian mechanical engineering programs.   
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The survey response pattern generated discussion beyond the scope of this 

research effort.  Specifically: 

1. Does the departmental and course structure discourage students from 

understanding the connections and interrelationships between different 

courses and disciplines? 

2. Do the traditional fundamental engineering concepts need to be 

redefined, revised, and updated?   

7.4.1 Connections.   

Many of the American and Australian faculty interviewed indicated that the 

current mechanical engineering curriculum encourages students to think about each 

subject individually, without ever making connections between the subjects. “We 

almost do it by inference.  We say they have taken all these classes … see how they'll 

fit together, but we don't really say that,” (Assistant Professor, USC).  American and 

Australian faculty indicated that the capstone design course should highlight 

connections between the separate courses, although they indicated this was not 

occurring.  “There’s nothing that is really taking the whole thing and putting it 

together” (Professor, USC).  Many American and Australian faculty indicated the 

senior capstone design course is offered too late in the students’ program to expect 

that it will bring everything together.  “There’s always a jump there that we always try 

to bridge with our final year project…In some ways it’s a bit late to start,” (Lecturer, 

UQ).  The Australian faculty made the observation that the work experience helps the 

students connect concepts across courses and disciplines. 
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In the reports that you read from those students, we often read 

revelations from them in how they kind of get how important some of 

these things are.  Things that are even covered in lectures like in the 

management course.  It didn’t mean much to them at the time.  But 

certainly they’ll make a connection.  So that’s the main thing 

(Professor, UQ).  

This issue of connecting different topics and subjects is a challenge not only for 

students, but also for professors. “The challenge for the student, and perhaps even the 

professors at the university, is to be able to…bridge that gap of understanding” 

(Adjunct Professor, USC). 

The response pattern found in faculty interviews and surveys leads to an 

important question: Does the departmental and course structure discourage students 

from understanding the connections and interrelationships between different courses 

and disciplines?  To further explore this question, the chair of the mechanical 

engineering department at USC was interviewed.  In the interview he was asked, 

“Students receive fundamental grounding in liberal arts courses, but we have found 

that many of these students simply are not connecting material from their liberal arts 

course to their engineering courses.  Does this surprise you?”  He responded,  

No, that doesn’t surprise me, because as engineers we kind of make 

them think in a different way, and they end up thinking that way, 

because we are more numbers-based people…even sometimes we’ll 

show numbers that don’t make sense, but we are happy to see the 
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numbers, which again is a deficiency for us.  Relating numbers to the 

physics…is something that we are not doing more and more (Khan).   

This question should be examined in future research. 

7.4.2 Fundamentals.   

Both Australian and American professors discussed the importance of 

engineering fundamentals in the curriculum.  “You’ve got to be able to take things 

apart, and you’ve got to understand simple systems thinking.  Say you take a system 

apart and look at the smaller systems … I think that's pretty important” (Professor, 

USC).  However, many American and Australian faculty questioned the traditional 

fundamental mechanical engineering topics.     

“In 2nd year design … I was talking about design of gears, which is a 

fundamental part of machine design…I said you will probably never 

design a gear.  But you will come across one that is made.  The reason 

for that is that [in] the local market, you can probably count on two 

hands the number of people in Australia who are going to design gears.  

It’s a specialized thing.  But it’s not something we would typically be 

doing here.  It’s something that we typically get from overseas … 

That’s contrary to the traditional values of mechanical engineering.  

Who says this is a core, generic, typical machine component therefore 

you should know about it?  Does this one fit there?  Do we need to 

think about what we regard as fundamental?  The trouble is that the 

textbooks are uncertain in the global area.  Like the machine design text 

I use, it’s up to the 6th edition now, it hasn’t changed much…And as a 
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result, a student reflects how you view an engineering design, but 

doesn’t have this global perspective at all.…It’s the way things were.  

Someone needs to write a new textbook,” (Lecturer, UQ). 

This raises an important question: “What now is fundamental in this new world 

order?  What are the important things?” (Lecturer, UQ).  One professor offered a 

definition of fundamental technical knowledge: 

“…the fundamental technical knowledge, the really core ideas and not 

just the basic equations.  And not back to basics like some people talk 

about.  But really understand the physics, in the broader sense, not 

really chemistry and biology.  This fundamental way in which things 

work and operate.  The basic laws of nature that they are working 

within.  And how things really behave in that technical sense.  As 

opposed to tricky equations that are taught the same way.  So that real 

fundamental understanding of how stuff works,” (Professor, UQ). 

Overall faculty consensus concerning fundamentals is that while they are 

important, their current definition should be redefined, and traditional fundamental 

concepts should be revised and updated.  

7.5 IMPLICATIONS FOR PRACTICE 

As a result of this study, the most notable difference between American and 

Australian mechanical engineering programs is the requirement of every student to 

work for 12 weeks under the supervision of an engineer before graduation.  This could 

be a best practice that could be beneficial if implemented in America.  First, some 

fundamental questions must be answered.  To what extent does the work experience 
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help the students?  Does the required work experience improve the attributes of the 

graduating engineers?  Is this a best practice? Would this work in America?  Would 

there be buy-in from the universities, the industry, and the professors?  Depending on 

the answers to these questions this may be something that should be implemented on a 

nationwide scale.  If so, the implications in engineering education would be large.  For 

example, students may begin to make connections between different courses and 

disciplines, they may have more context (concrete concepts) for the content (usually 

abstract concepts) that they are learning in the classroom, they may become more 

interested, and they will learn more.   

7.6 CONCLUSIONS 

The author examined how current engineering educational programs in 

America and Australia equip engineering students to practice at the intersection of 

complex systems.  The data suggests that there is a serious disjuncture between 

American faculty perceptions of student outcomes and faculty perceptions of the 

curriculum.  Overall, the key differences between American and Australian results 

relate to the following: 

• Faculty’s understanding of complex system integration, 

• Faculty familiarity with the curricula, and  

• The level/depth of integration. 

These differences indicate that complex systems are not well understood 

amongst American mechanical engineering faculty, the American faculty are not 

familiar with the overall engineering educational program, and the depth of integration 



 

167 

of complex systems in American engineering programs is limited to two courses: one 

at the beginning and one at the end.   

The results of this part of the study described and compared the state of 

complex systems study in mechanical engineering programs according to mechanical 

engineering faculty in America and in Australia.  Overall, complex systems study is 

more prevalent in Australian universities than American universities.  Looking 

outward from the United States can result in alternative ways to equip students to 

practice at the intersection of complex systems.   
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CHAPTER EIGHT 

PROPOSED CHANGES: 

CREATING NICHES IN ENGINEERING EDUCATION 

 
Is anyone afraid of change?  Why, what can take place without 

change?  What then is more pleasing to the universal nature?  And 

canst thou take a bath unless the wood undergoes a change?  And canst 

thou be nourished unless the food undergoes a change?  And can 

anything else that is useful be accomplished without a change?  Dost 

thou not see then that for thyself also to undergo change is just the 

same, and equally necessary for the universal nature? 

Marcus Aurelius Antonius 

A mass production approach to engineering education is no longer adequate in 

the post-industrial world.  A program structure is needed that encourages every student 

and faculty member to reach their highest potential.  This research indicates that there 

is a disjuncture between what ought to be happening in engineering education and 

what is happening.  This chapter proposes an engineering educational program that 

will help align what ought to be with what is happening in engineering education.  

This chapter will begin by proposing a vision and set of guiding principles.  It will 
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then discuss the structure (chaos, order, and processes) of the proposed educational 

program, which is called the Engineering Educational Niche Program.   

8.1 VISION 

An overarching vision will be developed with input from the stakeholders 

(faculty, students, professionals from industry, and people from the local community).  

Based on the current research project, the author proposes that the vision be the 

following: 

In effectively preparing engineering students for the current and future 

world, the faculty will create a learning environment in which every 

student develops to their highest potential, while encouraging a deep 

understanding of fundamental engineering principles. 

This vision will guide the principles, the emergent structure, and eventually the 

practice.  As the principles, structure and practice are developed, it will be important 

to refine the vision.   

8.2 PRINCIPLES 

Principles will also need to be developed, as a means to reach the vision.  

Principles do not provide a method or instructions to attain a specific goal or vision; 

instead they are a set of shared values.  Based on the literature review and the research 

project, the author proposes the following principles: 

• The faculty should encourage diversity (of strengths and interests) 

amongst the stakeholders (faculty and students).  The faculty should not 

impose uniformity on the stakeholders.     
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• The faculty should encourage deep, reflective learning and teaching 

amongst the stakeholders. 

• The faculty should encourage quality in all student experiences 

(fundamental courses, mechanical engineering electives, mechanical 

engineering extracurricular activities, and professional development 

experiences).   

• Stakeholders should be responsible for their learning and teaching.   

• The stakeholders should embrace ethical and honest cooperation and 

competition in the educational process.   

• The students should develop a broad education necessary to understand 

the impact of engineering solutions in a global, economic, 

environmental, and societal context.   

• The faculty and students should embrace a continuous improvement 

process to learning, teaching, and design.   

These principles will guide the structure and practice of an engineering educational 

program.  Principles are descriptions of the shared values of the department and must 

be developed and accepted by all of the stakeholders.  It is important that these 

principles are agreed upon by the faculty, as they will provide a common 

understanding for the stakeholders.   

8.3 STRUCTURE 

The author has developed a program structure that emerged from the vision 

and principles.  This structure is a chaordic engineering educational program, called 

the Engineering Educational Niche Program.  It is a chaordic system, therefore the 
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program consists of chaos and order with a focus on the processes.  The order will 

involve fundamental courses, a Continuous Improvement Strategy continually 

developed by each student, and the current course structure.  The chaos will involve 

the students developing their course of study (modeled after niche construction in 

ecology), encouraging diversity amongst faculty and students, and other learning 

activities such as professional development experience.  The following sections will 

discuss in detail the order, chaos, and processes of the proposed Engineering 

Educational Niche Program. 

8.3.1 Order 

The common foundation for all engineering graduates should be reexamined.  

In most American engineering programs it is accepted that the first two years of the 

program are necessary for students to become well-rounded engineers.  These first two 

years typically include subjects such as English, calculus, physics, chemistry, 

humanity electives, and social science electives and typically exclude courses such as 

biology, art, and business.  Depending on the student, there could be reasons for and 

against them taking each of the above courses.  If a student is interested in design, an 

art class may be an important fundamental course to take, while a student interested in 

bioengineering would need a biology course.  The faculty surveys and interviews 

presented earlier indicated a need to rethink the current engineering fundamentals.  

Based on the findings of the current research project, it is proposed that the 

fundamentals include three dimensions: concepts, opportunities to connect concepts, 

and opportunities for professional development.   
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It is proposed that every engineering student should have a firm understanding 

of the following fundamental concepts through their educational experiences: 

Newton’s laws of motion, the conservation of mass, the conservation of energy, the 

conservation of momentum, the second law of thermodynamics, complex systems, 

design processes, mathematics, science, and communication (formal and informal).  

Students also must develop an understanding of the interrelationships of engineering 

with non-technical (global, economic, political, environmental, and social) areas.  

Courses that promote a deep understanding of the above concepts are fundamental to 

an engineering degree.  Faculty input will be very important in developing the 

required fundamental courses that embrace these concepts.  These courses could be the 

subset of existing courses (i.e. statics, thermodynamics, and circuits) or the course 

title, structure, and content could be modified.  The principles should guide decisions 

concerning the fundamental courses.  The way that the courses are structured should 

encourage deep, reflective learning, should be of high quality, should embrace ethical 

cooperation and competition amongst the stakeholders, and should embrace a 

continuous improvement process (plan, do, check, act).   

In order to encourage deep learning in the courses, the faculty must balance 

concrete and abstract concepts in the classroom.  The findings presented earlier 

suggest that students are entering college with a limited understanding of the physical 

world and how things work.  This fundamental understanding of concrete concepts 

(i.e. the physical world) is necessary to understand many of the abstract concepts.  

When a student does not have an understanding of the concrete concepts, they have 

difficulty understanding the abstract concepts.  In order to pass their courses they take 
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a surface learning approach, i.e. finding similar problems and using them for other 

problems instead of understanding the fundamental concepts underlying a specific 

problem.   

The current educational system prepares students for life beyond the university 

through accidental competencies (Walther).  These accidental competencies are ways 

that the student becomes competent that are not planned or ordered.  Accidental 

competencies are fundamental to an undergraduate engineer’s development and should 

be considered when restructuring an educational program.  In engineering school, 

students learn to perform in a stressful environment with limited time and resources.  

This teaches students time-management and stress-management skills.  These 

accidental competencies are one way that the current educational system is successful.  

However with accidental competencies come accidental incompetencies.  Faculty can 

promote situations in which students are attaining competencies that were not 

previously understood by determining what students are learning as compared to what 

the professors think that students are learning.  For example, students often ask 

professors to change test dates on the syllabus because they coincide with tests in 

other classes.  It may teach the students more about time management and stress 

management to keep the syllabus as planned although the dates coincide with other 

professor’s exams.   

A majority of the interviewed professors at USC indicated that connecting 

content and concepts across courses should be occurring in the freshmen “Introduction 

to Engineering” course and in the “Senior Design” course series; however, many of 

them indicated that they did not believe that it was occurring.  These courses should be 
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fundamental to the engineering educational program, but need to be restructured to 

encourage the connection of content and concepts amongst courses.  The selection of 

the projects is critical for the success of the course in accomplishing its goals, i.e. 

connecting content and concept across courses.  It may be better to have one or two 

good design projects than to have 12 mediocre projects.  Students could also be 

actively involved in defining their project and finding industrial partners during the 

first semester, then completing the project during the second semester.  The principles 

should be used to guide decisions concerning project selection.  The projects should be 

designed to encourage deep, reflective learning; should be of high quality; should 

embrace ethical cooperation and competition amongst the stakeholders; should 

embrace a continuous improvement process.   

In Australia, the research that was presented earlier indicated that the required 

work experience provided connections amongst the different courses and provided 

context for the courses taken.  Requiring a work experience would not be in line with 

the vision and principles; however, requiring a professional development experience 

would be in line with the vision and principles.  The professional development 

experience could range from conducting research to working.  In order to encourage 

diversity amongst the students, the students could choose a professional development 

experience that fits their personal vision statement.  For example, a student that is 

obtaining a mechanical engineering degree with plans to attend medical school may 

choose to do research in a biology research lab, or they may choose to complete an 

intern and work under a pediatrician.  Either of these would be acceptable for this 

student.  The requirement to participate in the professional development courses and to 
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complete a professional development experience will provide order to the proposed 

chaordic system. 

A professional development course would complement the required 

professional development experience.  A suggested way to structure this course would 

be to offer a two hour course that students will be required to participate in twice--

once before their required professional development experience (work or research) 

and once after.  This will provide an opportunity for distributed cognition through peer 

and near peer learning.  The students that have completed their professional 

development experience will serve as mentors for the students that have not yet 

completed their professional development experience.  In this course, students will 

complete task plans that will specify their deliverables for the semester.  The students 

will alternate bringing in deliverables (i.e. resumes, cover letters, award applications, 

graduate school applications, or professional development experience papers or 

posters).  The students will work in groups of four with the professor acting as a 

facilitator over multiple groups.  If needed, the professor will provide information 

(just-in-time learning) on a particular subject that is requested from the students.  This 

course is modeled after the Research Communications Studio at USC (Thompson, 

Alford, and Matthews). 

As a part of the Engineering Educational Niche Program, the Continuous 

Improvement Strategy (CIS) is completed by each student during their first semester 

and updated subsequent semesters prior to registering for classes (see fig. 8.1).  The 

CIS encourages students to reflect on their learning and to be responsible, active 

participants in their learning experience.  During the first semester in the introduction 
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to engineering course, the professor will assist students in developing the first draft.  

The CIS consists of the student’s vision statement (Plan), objectives (Plan), and a 

reflective analysis of where they have been (Done), where they are (Do), where they 

ought to be (Check), and where they are going (Act).  The reflective analysis includes 

their courses, extracurricular activities, professional development experiences, and 

acquired attributes.  The CIS is one way for faculty to assess the progress of the 

students, while it also promotes self-assessment amongst the students, i.e. promotes 

metacognition and life-long learning.  
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Fig. 8.1. Continuous Improvement Strategy Template 
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8.3.2 Chaos 

The chaos in the Engineering Educational Niche Program involves the 

educational experience beyond the fundamental courses.  The vision requires that 

“…each student develops to their highest potential.”  This will be accomplished by the 

students choosing their educational track beyond the fundamental courses.  This will 

give the students the freedom to capitalize on their strengths and be better prepared for 

today’s world.  The students will choose courses, professional experience, and 

extracurricular activities that are in line with their personal vision and objectives.  This 

will allow for students with a variety of objectives to earn a mechanical engineering 

degree.  For example, a student that is interested in biomechanical engineering would 

possibly take biology, chemistry, organic chemistry, anatomy, electives from chemical 

and electrical engineering, and materials courses.  A student that is interested in 

biomechanical engineering could have objectives ranging from attending graduate 

school in the mechanical engineering department with an emphasis on biomechanical 

engineering to attending medical school to working in the biomechanical engineering 

field upon graduation.  Each of these students would have a different track as an 

undergraduate.  They would each have a different CIS.  Their courses, professional 

development experience, and extracurricular activities would differ from one another.  

This will provide an opportunity for these students with different interests and 

strengths to receive a degree in mechanical engineering that will prepare them to be 

productive members of society.  The CIS provides order to this chaotic process; it is 

used by the students to plan their educational experience and is used by the faculty to 

assess the progress of the students.   
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The faculty also should be encouraged to be diverse and to develop to their 

highest potential.  Each faculty member has a different teaching style, while each 

student has a different learning style.  In conversations with engineers and students, it 

is common for them to talk about one professor that made a difference in their lives.  

This professor made a difference to them, but may not have affected anyone else in the 

classroom.  The teaching style of the professor and the learning style of the student 

were a good fit.  Some teaching styles have been assessed and have been shown to be 

more likely to elicit learning in the students (Felder, Woods, Stice, and Rugarcia).  

However, it would not be beneficial for all of the professors to teach the same way.  

Encouraging diversity amongst the faculty promotes success for the educational 

program and promotes diversity amongst the students. 

It is also important to encourage diversity in the workload of the faculty.  

Different faculty members have different abilities and interests in different areas.  

While it is accepted that all faculty participate in research and teaching for tenure and 

promotion, it is not necessary for the entire faculty to participate equally in research 

and teaching, i.e. a mass-production approach.  Some professors enjoy and excel in 

research, and would rather teach minimally, while other professors love to teach, and 

prefer to conduct a minimal amount of research.  Both of these types of professors 

should be able to attain tenure and promotion.  Some professors are also interested in 

advising groups of students in extracurricular activities, which should also be taken 

into account in tenure and promotion evaluations.  In changing the tenure and 

promotion program to take into account all of the faculty member’s contributions to 

the department, diversity will be promoted.  The department as a whole will become 
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stronger, because there will be strong researchers, strong teachers, and strong leaders 

throughout the department as opposed to every professor being similar, and being 

mediocre researchers, teachers, and leaders.   

8.3.3 Processes 

The proposed Engineering Educational Niche Program borrows a concept from 

ecology-niche construction.  Niche construction is the phenomena in which organisms 

define and create their own niches through their metabolisms, activities and choices. 

Through niche construction, organisms not only shape the nature of 

their world, but also in part determine the selection pressures to which 

they and their descendants are exposed. They thereby generate 

feedback in evolution. As a consequence, there are two routes to the fit 

between organisms and their environments: (1) organisms may, as a 

result of natural selection, evolve characteristics that render them well-

suited to their environments; or (2) niche-constructing organisms may 

change their environments to suit their current characteristics (Day, 

Laland, and Odling-Smee 81).   

The Engineering Educational Niche Program embraces niche construction and 

feedback generation.  The students are required to construct a niche that suits their 

abilities and interests through their choices and activities (courses, professional 

development, and extracurricular activities).   

Within each of these niches, it is still necessary for the students to excel.  The 

students will be subject to competition and cooperation.  While in school, the students 

will cooperate in study groups, projects, extracurricular activities, research projects, 
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and/or work experiences.  However, there will also be an element of competition in 

many of those areas, i.e. competing to get the answer first in a study group or 

competing for an internship.  Competition and cooperation will be present throughout 

every student’s schooling and career.  In constructing a niche, or a specialization, the 

students will be competitive upon leaving the university, whereas previously they new 

a little bit about a lot of different things. 

Currently, our education system operates under a “just-in-case” paradigm 

(Sierra, “Motivated”).  All of the students are presented the same knowledge “just-in-

case” they need it one day.  An Australian professor addressed this in an interview, he 

said that each semester he teaches how to design gears, although less than ten 

engineers design gears in Australia.  Students will need to understand the influence of 

globalization on design and specifications, but will not need to understand the 

intricacies of gear design.  Students are expected to know many things from many 

different areas “just-in-case” they need to use them in future jobs, even when the 

chance of them applying the knowledge is very low.  Instead of specializing in a 

certain area, American students are required to adhere to a strict set of courses (with 

the exception of a few electives).  By implementing the Engineering Educational 

Niche Program, the students will be able to specialize in the area that suits their 

abilities and interests while receiving a fundamental background in mechanical 

engineering.  This specialization will help them be more competitive in the 

increasingly global society.   

The process that is proposed in the Engineering Educational Niche Program 

utilizes a continuous improvement loop.  The continuous improvement loop (or 
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Shewhart cycle) is used in the development of the vision, principles, and structure 

(including the CIS that the students develop).  By implementing this process in the 

educational system, the students will experience the versatility of this process.  The 

continuous improvement loop is modeled after a natural, cyclical process.  In applying 

a continuous improvement loop to manufacturing processes, Japan, a devastated 

country after World War II, was led the to becoming one of the world's leading 

producers of machinery, motor vehicles, ships, and steel.  The continuous 

improvement loop will provide students with a useful tool that has many applications 

(both technical and non-technical). 

The complex systems framework should also be introduced in every course.  In 

the process of teaching fundamental concepts, engineers have a tendency to break 

down systems to small parts and assume that the behavior of the entire system can be 

determined by putting these parts back together.  This is an effective way to determine 

the behavior of simple systems, but in complex systems, which are becoming more 

and more prevalent today, this assumption is not true.  Changing a small part of a 

system can have a large effect on the whole system.  Also, the interrelationships of the 

parts of the system are often responsible for the emergent properties of the whole 

system.  In other words, the sum of the parts is greater than the whole.  By mentioning 

complex systems and introducing some of the language associated with them across 

many courses, students can become aware of the larger picture without adding another 

required course.  They can also begin to make connections between seemingly 

unrelated courses.  At the culmination of their studies it would be beneficial to have a 

portion of the senior design course dedicated to complex systems.  In this unit, the 
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students can study some complex systems examples such as the failure of a 12 year, 

three to six billion dollar effort to update the air traffic control system (see Bar-Yam 

Making Things Work and US House Committee for an in-depth discussion of this 

effort).  This example will help students become aware of the complexity of many real 

world systems and will show them some ways to approach solving complex systems 

problems.   

8.4 CONCLUSION 

The Engineering Educational Niche Program proposed in this chapter 

addresses many of the issues in engineering education raised by the accreditation 

criteria review, typical curriculum review, faculty, and students that was presented 

earlier.  It is important to have a common vision for the stakeholders and a set of 

principles (or shared values) from which to build a program structure such as the 

Engineering Educational Niche Program.  The Engineering Educational Niche 

Program is modeled after niche construction.   Niche construction is the phenomena in 

which organisms change their environment in order to be successful with their current 

strengths (abilities and interests).  By having students create a curriculum (with the 

required fundamental mechanical engineering courses); they will be able to change 

their environment to capitalize on their abilities and interests, and to reach their 

highest potential.  This environment is made up of courses, a professional 

development experience, and extracurricular activities.   

Currently the engineering educational program can be described as a mass 

production approach, i.e. every student’s unique abilities are suppressed in order to 

have all of the individuals reach the same place at the same time.  In allowing students 
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to specialize, they will be more prepared to be a productive member of society upon 

leaving the university.  The proposed Engineering Educational Niche Program 

encourages every student to reach their highest potential, which is increasingly 

important in the current and future world.  
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CHAPTER NINE 

CONCLUSION

If you have built castles in the air your work need not be lost: that is 

where they should be.  Now put the foundation under them. 

Henry David Thoreau 

9.1. DISCUSSION 

The purpose of this research was to determine the integration of complex 

systems study in mechanical engineering programs of America and Australia, and to 

propose an engineering educational program that incorporates complex systems in 

order to better prepare students for the current and future world.  The research was 

conducted by reviewing the accreditation requirements, typical curricula, self-reported 

data collected from Web sites, survey data collected from mechanical engineering 

students and faculty, and focus group and interview data collected from mechanical 

engineering students and faculty.   

The discussion section will be divided into two parts.  The first part will 

discuss the strengths and weaknesses of American and/or Australian mechanical 

engineering programs.  The second part will philosophically discuss the 

understandings of the American engineering educational system that arose from this 

study.   
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9.1.1 Strengths and Weaknesses 

Overall this research suggests that complex systems are present in American 

and Australian undergraduate mechanical engineering programs.  The data collected 

indicates that complex systems are present to some degree in American and Australian 

mechanical engineering programs.  The data also pointed to some areas that are deficit 

of an integration of complex systems.  The following paragraphs will discuss the 

similarities and differences between the inclusion of complexity in American and 

Australian mechanical engineering programs.   

The research collected in this study indicates that there are strengths and 

weaknesses in the inclusion of complex systems in American and Australian 

mechanical engineering programs.  A strength emerged in studying the American and 

Australian mechanical engineering accreditation criteria.  Both sets of criteria have 

transitioned away from being content-based.  This is a move away from a simple 

systems approach of engineering accreditation.  A strength of America and Australia is 

the inclusion of complex systems in the Web sites when a systematic review for 

concepts of complexity was performed.  This portion of the study found that 

complexity is present to some degree within the university (university, college, 

department, and/or curriculum).  Finally the data reported in the faculty surveys 

indicated that complex systems are present in the undergraduate mechanical 

engineering programs.  However, the data collected from the student focus groups 

suggested that there is little integration of complex systems in the student experiences 

(courses and extracurricular activities).  The American and Australian faculty 

indicated that the main focus of courses is on the technical aspects of engineered 
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systems (emphasis on simple systems).  Overall, there are indications that complex 

systems are present to some degree in both American and Australian engineering 

educational programs. 

The data collected in this study suggests that there are different strengths and 

weaknesses in America and in Australia.  The results from the Web site search engine 

data indicate that the American universities in this study have a significantly higher 

integration of complex systems than their Australian counterparts.  Another indication 

of a higher integration of complex systems in American universities is the inclusion of 

humanities and social science courses in the sample American curriculum.   

Some of the data collected suggests that there is a higher integration of 

complex systems in Australian universities.  The results from the accreditation criteria 

comparison indicated that Australian universities had a lesser emphasis on content 

(23.8% of the Australian criteria address content versus 50% of the American criteria).  

An indication of a higher integration of complex systems in Australia is the 

opportunity for more specialization within the sample curriculum, which allows 

students to develop their interests and abilities to a higher level.  The American sample 

curriculum had very little opportunity for specialization, it embraces a just-in-case 

mentality (require every student to take every course just-in-case they may need it 

some day).  The systematic Web site review data suggests that Australian universities 

integrate complex systems to a much higher degree at the curricular level than their 

Australian counterparts (80% of the Australian mechanical engineering curricula 

showed some signs of complex systems integration while only 20% of their American 

counterparts did).  The responses to the open-answered questions in the student 
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surveys indicated that Australian students had a higher understanding of complex 

systems than their American counterparts.  Finally, an indicator of a higher integration 

of complex systems in Australian mechanical engineering programs arose in the 

discussion of courses and work experiences in the faculty interviews.  The faculty 

discussed specific opportunities for the integration of complex systems integration in 

courses and work experiences.  However, there was also an indication of complex 

systems being stressed less in the extracurricular activities.  The current mechanical 

engineering extracurricular activities involve a simple system (the SAE car), while the 

previous extracurricular activity involved complex systems (the solar car).   

Overall, there is complex systems integration to some degree in the mechanical 

engineering programs in America and Australia.  The author suggests that the 

inclusion of complex systems in the student’s educational experience is a true measure 

of the extent to which engineering educators embrace complexity.  Although few 

American mechanical engineering programs in this study currently meet this measure, 

the widespread interest in complexity demonstrated elsewhere in the sample supports 

the creation of synergistic partnerships to embrace and implement complexity into the 

undergraduate educational experience.   

9.1.2 Understanding the American Engineering Educational System 

In ancient philosophy, understanding requires viewing things through four 

lenses: how things were, how things are, how things might become, and how things 

ought to be (Hock 117).  The chapters that discussed the literature reviews (chapters 

two and three) involved viewing the engineering educational system in light of how 

things were and how things might become.  Throughout this research study a pattern 
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emerged suggesting a discrepancy between how things are versus how things ought to 

be in American engineering education.   

The accreditation comparison led to an important difference between ABET 

and Engineers Australia accreditation criteria.  The Engineers Australia accreditation 

criteria have a focus on processes and input, while the ABET accreditation criteria 

have a focus on outcomes and content.  This is a difference between the American and 

Australian approach to implementing change.  The Australian approach has a focus on 

how to bring about change, i.e. the processes, while the American approach has a 

focus on what the outcome should be, i.e. the characteristics of the students leaving the 

university.  The Australian criteria show how to make what ought to be occurring what 

is occurring.  This is a possible way to improve the American ABET accreditation 

requirements—focusing on processes instead of outcomes.   

The research that was collected from the websites indicated that the American 

administrators (at the university and college level) believed that incorporating 

complex systems into the educational experience was important, but at the curricular 

level little was being done.  This suggests that the administrators believe that complex 

systems ought to be integrated into the curriculum; however, a closer look at the 

department and curricular level suggest that complex systems are not integrated into 

the curriculum at the present time, nor does it look like it will become integrated into 

the curriculum in the future.   

The student surveys and focus groups indicate that American students have a 

misunderstanding of complex systems and that they have a limited exposure to 

complex systems.  This research points to what is occurring in the engineering 
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educational program, i.e. what students are experiencing.  The Australian students 

understand complex systems better than the American students; their required work 

experience provides an opportunity to understand the integration of complex systems 

in engineering.  The American students indicated that they would be exposed to 

complex systems in work experiences or extracurricular activities, but did not have 

any personal experience in them.    

The faculty survey and interview data indicated that there is a disjuncture 

between faculty perceptions of student outcomes and faculty perceptions of the 

educational experience.  The faculty rated certain student outcomes (especially critical 

thinking, multicultural teamwork, and multidisciplinary teamwork) as being very high 

in the surveys, but then in the interviews, they suggested that there were not 

opportunities for students to obtain these outcomes.  This could be the difference 

between what the faculty believe ought to be versus what actually is occurring.  

Through the accreditation process, the faculty tell the ABET representatives that the 

student outcomes are in alignment with the required ABET graduate attributes; 

however they are not convinced that this is occurring. 

In order to align what ought to be occurring with what is occurring, an 

engineering educational program was proposed as a culmination of this study.  It is 

called the Engineering Educational Niche Program.  If implemented into engineering 

educational programs, this program could have large implications for engineering 

education.  It provides a process to align what ought to be occurring in engineering 

education (the vision and principles) with what is occurring (the people, structure, and 

practice). 
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9.2. IMPLICATIONS FOR ENGINEERING EDUCATION 

This research and proposed Engineering Educational Niche Program could 

have large implications in engineering education and educational programs throughout 

the university.  It is an attempt to change the current educational program.  Although 

other attempts at implementing change in engineering education are helpful, no 

change appears to have occurred across a broad spectrum of engineering educational 

programs.  For example, under the ABET criteria 2000, the engineering educational 

programs could have changed dramatically.  However, it appears that most of the 

programs have only changed the appearance of their educational programs so that they 

meet the new criteria.  No real changes have occurred.  “It had always seemed to me 

that one of the principal tricks of evolution was to preserve the substance of the past 

by clothing it in the forms of the future,” (Hock).  In order to prepare college students 

for the post-industrial age, it is necessary to change the structure of the university.  

Throughout society, changes are occurring at a very rapid pace; however, the 

university system has not kept up with these changes.  Someone could walk into a 

typical engineering classroom today and see no real changes from a classroom of the 

past.  While this research was conducted in mechanical engineering programs and the 

proposed Engineering Educational Niche Program is intended for American 

engineering programs, it could easily be applied to other departments and colleges 

throughout the university and the world.  The vision and principles need to be catered 

to the specific department or college, but the process could easily be transferred to 

departments throughout campus.  This would allow students to develop to their 
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highest potential, which will encourage citizens that have diverse sets of skills and that 

can be competitive in today’s global environment.    

9.3. FUTURE WORK 

In order to implement the Engineering Educational Niche Program across a 

department, college, university, or universities, it would be beneficial to implement it 

in an evolutionary manner.  This would involve taking a subset of students and 

implementing the Engineering Educational Niche Program.  The stakeholders would 

need to agree on a vision and a set of principles.  They would then have to determine 

the structure of the program and the fundamental requirements.  The fundamental 

courses could initially be a subset of existing courses that would possibly change title 

and content at a point later in the process.  Having two parallel systems, i.e. the 

existing system and the Engineering Educational Niche Program, will allow 

assessments to occur and comparisons to be made between the two programs.  

Throughout this process of implementation, a continuous improvement process must 

be occurring.  Once this program is implemented at a small scale, it can be 

implemented at a larger scale.   There are funding opportunities to support this large 

scale program implementation.  For example, the National Science Foundation has a 

grant called “Course, Curriculum, and Laboratory Improvement,” which would be a 

possible way to fund the Engineering Educational Niche Program.  It would be 

beneficial to integrate this program across a broad spectrum of colleges and 

universities such as a land grant university, a top research university, a typical public 

university, and a private university.  This implementation should also follow the 

chaordic nature of the Engineering Educational Niche Program.  The order will be that 
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each university will follow the same process, i.e. vision, principles, structure, practice, 

and will assess using similar tools.  This will allow comparison of the Engineering 

Educational Niche Program across the different universities.  The assessment will also 

need to serve as a check for the continuous improvement process.  While some 

assessment will be required across all universities, each university will need to 

develop assessment processes that are specific to their institution.   

9.4. CONCLUSION 

Currently the engineering educational program can be described as a mass 

production approach, i.e. every student’s unique abilities are suppressed in an attempt 

to graduate students with the same abilities.  The experts agree that this mass 

production approach is not ideal for current or future educational programs (Bar-Yam 

Making 182-197; Covey 12-24; Hock 55-57; Pink 48-51; Senge et al. 27-58).  

Concerns expressed within the engineering education literature indicate that the 

current engineering educational program needs to be changed to meet the changing 

needs of our society.  The proposed Engineering Educational Niche Program will 

address these concerns by changing the existing structure of engineering educational 

programs.  If only one thing is to be taken from this research project, it is that 

institutional change needs to occur in order for graduates to meet the changing needs 

of the current and future society. 
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A.1. LETTER TO CHAIR REQUESTING THEM TO FORWARD TO 

UNDERGRADUATE MECHANICAL ENGINEERING STUDENTS 
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A.2. LETTER TO STUDENTS ABOUT FOCUS GROUPS 
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A.3. FOCUS GROUP FLYER 
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A.4. INSTITUTIONAL REVIEW BOARD APPROVAL LETTERS INDICATING 

EXEMPTION STATUS FOR THE STUDENT SURVEY PORTION OF THE 

RESEARCH PROJECT 
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A.5. INSTITUTIONAL REVIEW BOARD APPROVAL LETTERS INDICATING 

EXEMPTION STATUS FOR THE STUDENT FOCUS GROUPS, FACULTY 

SURVEYS, AND INTERVIEWS PORTION OF THE RESEARCH PROJECT 
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A.6. LETTER TO MECHANICAL ENGINEERING FACULTY REQUESTING 

SURVEY COMPLETION 
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A.7. LETTER TO MECHANICAL ENGINEERING FACULTY REQUESTING 

INTERVIEWS 
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APPENDIX B 

SURVEYS

B.1. STUDENT SURVEY 

Complex Systems Survey for Undergraduates 
We invite your participation in an ongoing study investigating the extent to which 
complexity is being incorporated into mechanical engineering curricula 
throughout the United States and Australia.  

For the purpose of this study, we define complex systems study in line with the 
statement written by William Wulf, president of the National Academy of 
Engineering, “[As the world becomes more complex] engineers must appreciate 
more than ever the human dimensions of technology, have a grasp of the panoply 
of global issues, be sensitive to cultural diversity, and know how to communicate 
effectively.” 

Your college’s mechanical engineering department was identified for inclusion in 
this study because it is ABET accredited and has a noted reputation for 
educating tomorrow’s engineers. 

This survey has been approved by the University of South Carolina's 
Institutional Review Board. 

Our research team sincerely thanks you for your participation. 

 
1. At this point in my college education, I have received a basic foundation in the 

following areas (select all that apply):  

  English  

  Humanities and social sciences  

  Life sciences  

  Math  

  Physical sciences  
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Indicate the frequency that each of the following statements occurs.  

 
How often has your program addressed the 
interrelationship of engineering with:  

Never 
Almost 
Never  Sometimes 

Less 
Than 
Often Often 

Very 
Often 

13. •Aesthetics        
14. •Culture        
15. •Economy        
16. •Earth systems/ environment        
17. •Ethics        
18. •Law        
19. •Politics        
20. •Social norms        
 
Indicate how strongly you agree or disagree with each of the following statements.  

Indicate the frequency that each of the following statements occurs.  
 

How frequently have the following areas 
been addressed in your courses:  

Never  
Almost 
Never  Sometimes  

Less 
Than 
Often  Often  

Very 
Often  

2. •Advanced manufacturing        
3. •Advanced/ intelligent materials        
4. •Alternate energy systems        
5. •Bioelectrics        
6. •Bioengineering        
7. •Critical infrastructure        
8. •Health systems        
9. •Information technology        

10. •Microelectromechanical systems        
11. •Nanotechnology        
12. •Transportation systems        
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 My engineering educational 
experience to date has equipped 
me to do the following:  Completely 

Disagree  Disagree 
Slightly 
Disagree 

Slightly 
Agree  Agree 

Completely 
Agree  

21. •Analyze and synthesize 
complex systems        

22. •Apply what I have learned 
to "real world" situations        

23. •Communicate effectively        
24. •Engage in life-long learning        
25. •Solve complex and open-

ended problems        

26. •Think critically        
27. •Tolerate uncertainty        
28. •Work in multi-cultural 

teams        

29. •Work in multi-disciplinary 
teams        

 
Indicate how strongly you agree or disagree with each of the following statements.  

 The engineering educational 
experience should equip 
engineers to do the following:  

Completely 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Completely 
Agree  

30. •Analyze complex systems        
31. •Analyze problems        
32. •Apply knowledge        
33. •Communicate effectively        
34. •Develop engineering 

solutions that encompass 
local and/or global 
subsystems  

      

35. •Engage in life-long 
learning        

36. •Solve complex and open-
ended problems        

37. •Synthesize complex 
systems        
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38. •Think critically        
39. •Tolerate uncertainty        
40. •Work in multi-cultural 

teams        

41. •Work in multi-disciplinary 
teams        

 
For the purpose of this study, we define complex systems study in line with the 
statement written by William Wulf, president of the National Academy of 
Engineering, “[As the world becomes more complex] engineers must appreciate more 
than ever the human dimensions of technology, have a grasp of the panoply of global 
issues, be sensitive to cultural diversity, and know how to communicate effectively.” 
42. Describe how your engineering educational experience has helped you deal with 

the concept of complex systems.  

  

 

 

43. Is it important to integrate complex systems into the engineering educational 
experience? Tell us why or why not.  

  

 

 

44. Describe any projects, courses, or extracurricular activities in which you have 
participated that use this concept of complex systems.  

  

 

 
The following information will only be used for statistical validity and classification in 
aggregate form. Only the researchers will have access to this information. The 
information will remain completely confidential. 
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45. Please enter your age in the space provided 

  Age:  

 

46. Sex: (select only one) 

  Male  Female  

 

47. Race: (select all that apply)  

  Aboriginal  

  African-American or Black  

  American Indian or Alaskan Native  

  Asian or Pacific Islander  

  Hispanic or Latino  

  Torres Strait Islander  

  White  

  Other  

 

48. Number of semesters in college (include the current semester)?  

  
 

 

49. Department (select all that apply):  

  Mechanical  

  Aeronautical  

  Civil  

  Chemical  
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  Electrical  

  Industrial  

  Other  

 

50. We welcome your feedback. Provide any additional comments and/or 
suggestions (include the good, the bad, and the ugly). If you would like to 
discuss this in more detail email us at peters@engr.sc.edu.  

  

 

 

  
 

B.2. FACULTY SURVEY 

Survey for Faculty 
We invite your participation in an ongoing study investigating the extent to which 
complexity is being incorporated into mechanical engineering curricula 
throughout the United States and Australia. 

For the purposes of this study, complex systems study is defined as an awareness 
and understanding of the interrelationships of engineered systems with technical 
and non-technical (economical, social/cultural, environmental, and global) 
systems. 

This survey has been approved by the University of South Carolina's 
Institutional Review Board.  

Our research team sincerely thanks you for your participation. 

 
Indicate how strongly you agree or disagree with each of the following statements.  
Engineering graduates have an  

mailto:peters@engr.sc.edu.
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understanding of the 
interrelationship of engineering 
with:  

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree  Agree 

Strongly 
Agree  

1. Aesthetics        
2. Culture        
3. Economy        
4. Earth systems/ environment        
5. Ethics        
6. Law        
7. Politics        
8. Social norms        
 
Indicate how strongly you agree or disagree with each of the following statements.  

 Engineering graduates are equipped 
to:  Strongly 

Disagree Disagree 
Slightly 
Disagree 

Slightly 
Agree  Agree 

Strongly 
Agree  

9. Analyze and synthesize complex 
systems        

10. Apply what they have learned to 
"real world" situations        

11. Communicate effectively        
12. Engage in life-long learning        
13. Solve complex and open-ended 

problems        

14. Think critically        
15. Tolerate uncertainty        
16. Work in multi-cultural teams        
17. Work in multi-disciplinary teams        
 
Indicate how strongly you agree or disagree with each of the following statements.  

 Engineering graduates should be 
equipped to:  Strongly 

Disagree Disagree 
Slightly 
Disagree 

Slightly 
Agree  Agree 

Strongly 
Agree  
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18. Analyze and synthesize complex 
systems        

19. Apply what they have learned to 
"real world" situations        

20. Communicate effectively        
21. Engage in life-long learning        
22. Solve complex and open-ended 

problems        

23. Think critically        
24. Tolerate uncertainty        
25. Work in multi-cultural teams        
26. Work in multi-disciplinary teams        
 
27. Which characteristics are important for successful engineers? (see the question 

below before answering this)  

  

 
 
28. Which characteristics are prevalent in unsuccessful engineers?  

  

 
 
29. How might students from your department be better prepared for the workplace?  

  

 
 
30. How might students from your department be better prepared for graduate 

school?  



 

233 

  

 
 
31. Would your engineering colleagues encourage their children to attend 

engineering school?  

  

 
 
32. If you were advising a friend's child who wants to become an engineer, which 

supplemental activities would you recommend (e.g. extracurricular activities, 
work, research)?  

  

 
 
33. How will those activities help them be better engineers, be more attractive to 

future employers, and/or be more successful in whatever venue they choose to 
follow?  

  

 
 
34. More students are obtaining an engineering degree to move into non-engineering 

areas. How is your department preparing students to transition into areas such as 
medicine, law, business, teaching, and politics?  

  

 
 
35. How attractive is your department to students who plan to work in non-

engineering areas (such as medicine, law, business, teaching, and politics)?  
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36. What is your estimate of the percentage of students who change their major a) 

from engineering to another discipline, and b) from another discipline to 
engineering?  

  

 
 
37. What are some common reasons for these undergraduate students to change 

majors?  

  

 
 
For the purposes of this study, complex systems study is defined as an awareness 
and understanding of the interrelationships of engineered systems with technical 
and non-technical (economical, social/cultural, environmental, and global) 
systems. 
38. How do undergraduate students in your department learn about complex systems 

during their undergraduate education?  

  

 

 

39. In your department's undergraduate curriculum, how do students develop an 
understanding of the interrelationships of technical and non-technical systems?  
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40. Describe educational opportunities that incorporate complex systems (e.g. 
courses, projects, work experiences, extracurricular activities).  

  

 

 
The following information will only be used for statistical validity and 
classification in aggregate form. Only the researchers will have access to this 
information. The information will remain completely confidential. 

41. University at which you are employed:  

  
 

 

42. Please describe your position within the university.  

  
 

 

43. Combined number of years at this or any other educational institution:  

  
 

 

44. Gender:  

  Female  

  Male  

 

45. Race: (select all that apply)  

  Aboriginal  

  African-American or Black  
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  American Indian or Alaskan Native  

  Asian  

  Hispanic or Latino  

  Native Hawaiian and other Pacific Islander  

  Torres Strait Islander  

  White  

 

46. We welcome your feedback. Provide any additional comments and/or 
suggestions (include the good, the bad, and the ugly). If you would like to 
discuss this in more detail email us at peters@engr.sc.edu.  

  

 

 

  

mailto:peters@engr.sc.edu.
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APPENDIX C 

FOCUS GROUP/INTERVIEW HANDOUTS AND PROTOCOL 

C.1. FOCUS GROUP PROTOCOL 

 Identify yourself 
 State the purpose of the focus group (to determine the state of complex systems in 

the mechanical engineering department according to the students.  They will 
provide a valuable perspective, because they experience the entire gamut of 
courses.) 

 Explain how the material will be used (for a journal publication, a dissertation, a 
presentation at the annual American Society for Engineering Education 
conference that will be held in Chicago in June of 2006, and in future research). 

 Explain that the interviewee’s identity will be kept anonymous.   
 Collect demographic information about the participant’s when they arrive on a 

piece of paper or on a laptop. 
o How many years have you been attending the university? 
o Have you ever changed majors?  If so, please name any previous majors. 
o Do you have any work experience?  If so, please tell us whether it was full 

time, an internship, or a co-op. 
o Are your parents or any personal role models engineers? 
o What is your race?   
o What is your sex? 
o Leave your email address if you would like the results sent to you. 

 Tell the interviewee how much time the focus group will take (one hour at the 
most) 

 Ask specific questions that the source is competent to answer (Give ample time to 
reply to each question and ask the source to clarify complex or vague answers) 

o How might your fellow engineering classmates be better prepared for the 
workplace? 

o How might your fellow engineering classmates be better prepared for 
graduate school? 

o Would you encourage younger high school classmates to attend 
engineering school? 

o If you advised them, what advice would you give them?  Would you 
recommend that they participate in any supplemental activities (e.g. 
extracurricular activities, work, research)?   

o Do you participate in any supplemental activities? 
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o How will those activities help you or the younger classmate to become 
better engineers, be more attractive to future employers, and/or be more 
successful in whatever venue they choose to follow? 

o More students are obtaining an engineering degree to move into non-
engineering areas. How is your department preparing students to transition 
into areas such as medicine, law, business, teaching, and politics? 

o How attractive is your department to students who plan to work in non-
engineering areas (such as medicine, law, business, teaching, and 
politics)? 

For the purposes of this study, complex systems study is defined as an 
awareness and understanding of the interrelationships of engineered systems 
with technical and non-technical (economical, social/cultural, environmental, 
and global) systems.   
o How have your fellow classmates learned about complex systems during 

your undergraduate education? 
o In your department's undergraduate curriculum, how have your fellow 

classmates developed an understanding of the interrelationships of 
technical and non-technical systems? 

o Describe educational opportunities that incorporate complex systems (e.g. 
courses, projects, work experiences, extracurricular activities). 

o What is your estimate of the percentage of students who change their 
major a) from engineering to another discipline and b) from another 
discipline to engineering? 

o What are some common reasons for these undergraduate students to 
change majors? 

o Has engineering school been what you expected?  How is it different?  
How is it the same? 

o Which characteristics are important for successful engineers?  
o Which characteristics are prevalent in unsuccessful engineers? 

 Tell the interviewees that if they have any additional comments to please feel free 
to discuss them after the focus group, email the interviewer (provide a business 
card) or stop by their office.  

 Thank the interviewee for taking the time to participate in this research project. 
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C.2. FOCUS GROUP AND INTERVIEW HANDOUT 

 

C.3. INTERVIEW PROTOCOL 

 Identify yourself 
 State the purpose of the interview (to study the state of complex systems in 

American and Australian engineering undergraduate programs). 
 Explain how the material will be used (for a journal publication, a dissertation, a 

presentation at the annual American Society for Engineering Education 
conference that will be held in Chicago in June of 2006, and in future research). 

 Explain that the interviewee’s identity will be kept anonymous.   
 Tell the interviewee how much time the interview will take (30 minutes at the 

most) 
 Ask specific questions that the source is competent to answer (Give ample time to 

reply to each question and ask the source to clarify complex or vague answers) 
o How might students from your department be better prepared for the 

workplace? 
o How might students from your department be better prepared for graduate 

school? 
o Would your engineering colleagues encourage their children to attend 

engineering school? 
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o If your were advising a friend's child who wants to become an engineer, 
which supplemental activities would you recommend (e.g. extracurricular 
activities, work, research)? 

o How will those activities help them be better engineers, be more attractive 
to future employers, and/or be more successful in whatever venue they 
choose to follow? 

o More students are obtaining an engineering degree to move into non-
engineering areas. How is your department preparing students to transition 
into areas such as medicine, law, business, teaching, and politics? 

o How attractive is your department to students who plan to work in non-
engineering areas (such as medicine, law, business, teaching, and 
politics)? 

For the purposes of this study, complex systems study is defined as an 
awareness and understanding of the interrelationships of engineered systems 
with technical and non-technical (economical, social/cultural, environmental, 
and global) systems.   
o How do undergraduate students in your department learn about complex 

systems during their undergraduate education? 
o In your department's undergraduate curriculum, how do students develop 

an understanding of the interrelationships of technical and non-technical 
systems? 

o Describe educational opportunities that incorporate complex systems (e.g. 
courses, projects, work experiences, extracurricular activities). 

o What is your estimate of the percentage of students who change their 
major a)from engineering to another discipline, and b)from another 
discipline to engineering? 

o What are some common reasons for these undergraduate students to 
change majors? 

o  Which characteristics are important for successful engineers?  
o Which characteristics are prevalent in unsuccessful engineers? 

 Ask some demographic questions. 
o Please describe your position within the university. 
o How many years have you worked at this or any other educational 

institution? 
o What is your race?   
o Record their gender. 

 Ask the interviewee if they would like a copy of the publications that result from 
this research project.  If so, ask for the email address that they would like the 
results sent to. 

 Thank the interviewee for taking the time to participate in this research project. 
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APPENDIX D 

CODING SCHEMES

Table D.1.  

Coding Scheme for Student and Faculty Online Survey Data and Focus 

Group/Interview Data within the Broader Code of Content   

 

Sub-codes Description 
Connections Refers to the relationships of separate courses or topics 

within a student’s experiences 
Courses Refers to the building blocks of a curriculum, usually 

there are four or five courses in a semester 
Design Refers to courses or projects that require the students to 

create a plan to develop a product or idea 
Extracurricular 
Activities 

Refers to activities that students participate in 
voluntarily 

Fundamentals Refers to the essential courses of the mechanical 
engineering educational program 

Incidental  Describes the content of a course or experience that is 
accidental in nature, i.e. it is not planned or systematic 

Liberal Arts Refers to humanities and social sciences courses 
Projects Refers to a task undertaken by students to apply, 

illustrate, or supplement classwork. 
Research Refers to experience in a context that involves scientific 

or scholarly investigation. 
Teams Refers to groups of people working together 
Technical Refers to courses or skills that are based on technology 
Work experiences Refers to experience acquired in a professional 

environment, usually for monetary compensation.  For 
students, common examples are internships, co-ops, or 
summer (vacation) work. 

Year in School  Refers to the level of the student in the university.  
Examples are freshman, sophomore, … (America) or 
first year, second year, … (Australia) 
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Table D.2.  

Coding Scheme for Student and Faculty Online Survey Data and Focus 

Group/Interview Data within the Broader Code of Competencies   

 

Table D.3.  

Coding Scheme for Student and Faculty Online Survey Data and Focus 

Group/Interview Data within the Broader Code of Perceptions   

 

Sub-codes Description 
Communication skills Refers to ability of students to convey information or 

express ideas in a way that others readily and clearly 
understand 

Hard work Refers to the ability of students to focus their time and 
energy towards work 

Soft skills  Refers to non-technical skills 
Teamwork Refers to the ability of students to work together 

towards a common goal 
  

Sub-codes Description 
Intuition Refers to the act of knowing perceptively (without 

rational processes) 
Prison metaphor Refers to a comparison of the educational system to a 

prison 
Student choice Refers to the responsibility of attaining specific skills, 

knowledge, or competencies being with the student (not 
the professor) 

Successful engineer 
characteristics 

Refers to the perceived characteristics of successful 
engineering professionals 

Unsuccessful engineer 
characteristics 

Refers to the perceived characteristics of unsuccessful 
engineering professionals 
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Table D.4.  

Coding Scheme for Student and Faculty Online Survey Data and Focus 

Group/Interview Data within the Broader Code of Level of Understanding   

 

 

Sub-codes Description 
Misunderstanding Refers to a response that indicates that the participant 

does not understand complex systems 
Understanding, Low 
Level 

Refers to a response that indicates that the participant 
has a low level of understanding of complex systems 

Understanding, High 
Level 

Refers to a response that indicates that the participant 
has a high level of understanding of complex systems 

No Explanation Refers to a response with no further explanation 
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