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The Department of Aerospace Engineering at the United States Naval Academy (USNA) in
Annapolis, USA, joined the CDIO Initiative (Conceive – Design – Implement – Operate) in July
2003. The US Naval Academy already emphasised many of the skills in the CDIO Syllabus, such as
ethics, leadership, teamwork, systems thinking and communications, which are part of design-build
projects, integral components of a CDIO programme. What was lacking was the overall
framework for developing a curriculum that was consistent with the Department’s goals and one
that could be used to guide outcomes assessment. The CDIO Syllabus provided that framework. In
this article, the authors describe the process of developing and implementing the CDIO Syllabus
personal and professional skills and attributes (2.x.x).

•
•
•

INTRODUCTION
The CDIO (Conceive – Design – Implement –
Operation) project learning assessment model is based
on the principle that product and system lifecycle
development and deployment are the context of engineering education. Its mission is to graduate engineers
who are able to conceive, design, implement and
operate complex, value-added engineering products
and systems in modern team-based environments so
as to appreciate engineering processes and contribute
to the development of engineering products while
working in engineering organisations.
As a result, the intended attributes of CDIO
graduates include the following:
•
•

Possessing a multidisciplinary system perspective;
Exhibiting good communication skills;
Having high ethical standards [1].

Of course, each CDIO programme develops
expected student learning outcomes that are consistent
with the programme mission and are validated by programme stakeholders. Typically, programme outcomes
include technical knowledge and reasoning, personal
and professional skills and attributes, interpersonal skills
such as teamwork and communication, and conceiving,
designing, implementing and operating systems in the
enterprise and societal context.

USNA’S ADOPTION OF CDIO

Understanding disciplinary fundamentals;
Understanding design and manufacturing;

The Department of Aerospace Engineering at the
United States Naval Academy (USNA) in Annapolis,
USA, joined the CDIO Initiative in July 2003. The
CDIO Initiative provides it with the framework and
tools necessary to make and assess changes in the
Department’s programme. Before describing why
and how CDIO was adapted to the programme, it is
necessary to understand the mission of the United
States Naval Academy, which is as follows:

*A revised and expanded version of a Opening Address
presented at the 11th Baltic Region Seminar on Engineering
Education, held in Tallinn, Estonia, from 18 to 20 June 2007.
This paper was awarded the UICEE Best Paper Platinum
(joint Second Grade with one other paper) Award by popular
vote of Seminar participants for the most significant contribution to the field of engineering education.
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Develop midshipmen morally, mentally
and physically and to imbue them with the
highest ideals of duty, honor and loyalty
in order to provide graduates who are
dedicated to a career of naval service and
have potential for future development in
mind and character to assume the highest
responsibilities of command, citizenship
and government [2].

The mission of the Department of Aerospace
Engineering must follow from the mission of the
Naval Academy, while at the same time emphasising
the role of the aerospace engineering major. The
Departmental mission and vision are a direct result of
its participation in the CDIO Initiative. The Department’s mission is to: Provide the Navy and Marine
Corps with engineering graduates who are capable of
growing to fill engineering, management and leadership roles in the Navy, government and industry,
maturing their fascination with air and space systems.
The Departmental vision follows this mission: mission
fulfilment requires a programme wherein midshipmen
Conceive – Design – Implement – Operate complex
mission-effective aerospace systems in a modern
team-based environment.
The US Naval Academy already emphasises many
of the skills in the CDIO Syllabus, such as ethics,
leadership, teamwork, systems thinking and
communications, which are part of design-build
projects, integral components of a CDIO programme
[3]. What was lacking was the overall framework for
developing a curriculum consistent with Department’s

goals and one that could be used to guide outcomes
assessment. The CDIO Syllabus provided that framework. In this article, the authors describes the
process of developing and implementing the CDIO
Syllabus personal and professional skills and attributes
(2.x.x).
A stakeholder survey was first completed in
order to determine the level of understanding desired
for each of the CDIO Syllabus topics. Following
that, a benchmark survey was completed of the
courses to identify where to introduce, teach and use
each of the topics in the CDIO Syllabus. In the
next step, the Department is evaluating student and
programme performance in each of the topics. The
focus in 2007 is particularly on personal and professional skills and attributes (2.x.x). In those courses
where it has been identified that the 2.x.x topics
be taught or used, each faculty member is asked
to evaluate a student’s performance on the topics
by answering a set of questions pertaining to the
2.x.x topics. These questions are applied to
course homework, projects, examinations and class
participation.

ASSESSMENT USING RUBRICS
A student learning assessment model is used to guide
CDIO practice (Figure 1). This model provides an
approach to student learning assessment that is based
on the CDIO standards and the local programme
context. The model may be used at the course,
programme or institutional level. It describes four
elements of student learning assessment, specifically:

Figure 1: The CDIO student learning assessment model.
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•
•
•
•

Learning objectives;
Curriculum and instruction;
Assessment of student learning;
Use of assessment results.

The model highlights the importance of aligning
teaching, learning and assessment with the CDIO and
local programme’s intended learning outcomes, as
well as the use of assessment results to improve the
processes of teaching, learning and assessment.
Assessment requires faculty members to communicate explicit and public statements of learning
outcomes and criteria of performance. By doing
so, they refine their own understanding of the
expected abilities, clarify for their colleagues the
basis for their judgements, and enable students to
understand what learning and level of performance
are required [4].
A CDIO programme uses a variety of evaluation
methods to determine whether or not students have
acquired the knowledge, skills and values specified in
the CDIO Syllabus. The methods available to gather
and evaluate student learning include written tests,
as well as rating scales (ie rubrics) for evaluating
student performance in the form or journals of
student reflections, portfolios of student work over
time, capstone projects (eg design/build efforts), and
oral presentations, in-class discussions and technical
reports.
This year, the Department of Aerospace Engineering faculty members focused particularly on the
personal and professional skills and attributes (2.x.x
in the CDIO Syllabus). In the courses where the
teaching or use of the 2.x.x topics had been identified,
each faculty member was asked to evaluate a
student’s performance by answering a set of
questions pertaining to the 2.x.x topics in the form of
a scoring rubric. Figure 2 shows the criteria for
assessment of each of the personal and professional
skills and attributes included in the 2.1.x level in the
Syllabus.
An example of a rubric developed and field-tested
this year is presented in Table 1. This rubric was
applied to individual presentations, posters, team
presentations, technical reports, laboratory reports,
in-class discussion and other artefacts of student
performance. The seven syllabus topics with the
highest scores from the stakeholder survey were
selected and the faculty rated students using the same
rating scale utilised in the stakeholder survey. Table 1
shows the data collected for a single course with 13
students. In this course, six of the skills were used
and one of the skills were taught.
The rating scale used to generate the data is the
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same rating scale that was used in the stakeholder
survey. The scoring (1-5) is as follows:
1.
2.
3.
4.
5.

To have experienced or been exposed to;
To be able to participate in and contribute to;
To be able to understand and explain;
To be skilled in the practice or implementation of;
To be able to lead or innovate in.

The specific CDIO Syllabus 2.x.x topics that were
assessed are as follows:
2.1.1
2.1.2
2.1.3
2.1.5
2.4.2
2.4.4
2.5.1

Problem Identification and Formulation;
Modeling;
Estimation and Qualitative Analysis;
Solution and Recommendation;
Perseverance and Flexibility;
Critical Thinking;
Professional Ethics, Integrity, Responsibility
Accountability.

2.1 ENGINEERING REASONING AND PROBLEMSOLVING
2.1.1 Problem Identification and Formulation
Evaluate data and symptoms
Analyse assumptions and sources of bias
Demonstrate issue prioritisation in context of overall
goals
Formulate a plan of attack (incorporating model,
analytical and numerical solutions, qualitative
analysis, experimentation and consideration of
uncertainty)
2.1.2 Modelling
Identify assumptions to simplify complex systems and
environment
Choose and apply conceptual and qualitative models
Choose and apply quantitative models and simulations
2.1.3 Estimation and Qualitative Analysis
Estimate orders of magnitude, bounds and trends
Apply tests for consistency and errors (limits, units, etc.)
Explain the generalisation of analytical solutions
2.1.4 Analysis with Uncertainty
Question incomplete and ambiguous information
Interpret probabilistic and statistical models of events
and sequences
Interpret engineering cost-benefit and risk analysis
Discuss decision analysis
Identify margins and reserve
2.1.5 Solution and Recommendation
Select problem solutions from among candidates
Analyse essential results of solutions and test data
Analyse and reconcile discrepancies in results
Choose summary recommendations
Appraise possible improvements in the problemsolving process

Figure 2: Personal and professional skills and attributes.
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Table 1: Assessment data for a single course and 13
students.
2.1.1
Use
2
3
2
3
3
3
3
3
3
3
3
3
2

2.1.2
Use
1
3
1
3
3
3
3
3
3
3
3
3
1

2.1.3
Use
3
3
3
3
3
3
3
3
3
3
3
3
2

2.1.5
Use
3
3
3
2
3
4
3
4
4
4
3
3
2

2.4.2
Use
2
3
2
3
2
3
3
3
4
4
3
4
3

2.4.4
Teach
1
3
3
2
2
3
3
4
4
4
3
4
3

2.5.1
Use
4
4
4
4
4
4
4
4
4
4
4
4
4

LESSONS LEARNED AND NEXT STEPS
Of all the syllabus topics, the personal and professional skills and attributes (2.x.x syllabus topics)
appear to be the most difficult to measure and the
most subjective. The task seemed overwhelming until
it was decided to reduce the number of skills to be
assessed. Table 1 presents the results from one course
with 13 students. Based on the curriculum benchmark
results, the only CDIO skill taught in this course was
2.4.4: Critical Thinking. The other CDIO skills used in
this rubric were used in the course and observed by
the instructor, but not necessarily taught in the course.

Ratings for the courses are shown in Table 2 and
Figure 3. The data are the average values for each
CDIO skill for each year group. The last line of the
table and the last column for each skill in the figure
show the goal for each skill. This goal is based on
the input for the stakeholder’s survey using the same
rating scale.
The data shown in Table 2 and Figure 3 indicate
improvements in all of the topics from the 2nd year to
the 4th year. These data represent a snapshot of the
programme at the end of the spring 2007 semester
and is not longitudinal data. In other words, the
students evaluated in the 2nd year are not the same
students evaluated in the 3rd and 4th years, but rather
the data represent where students were assessed in
each of the year groups at that time.
Also, the data indicate that the Department is close
to, or meeting, the objective in six of the seven skills.
The skill where the assessment falls short of the
desired level based from the stakeholder survey is
2.1.1: Problem Identification and Formulation. In
order to improve students’ problem-solving skills, a
standard problem-solving handout has been introduced
to students in their 2nd year and all faculty members
are being encouraged to use the handout in subsequent courses in the programme.
Finally, a separate assessment tool indicates that
students’ critical thinking skills (CDIO Syllabus Topic
2.2.4) are not at the level desired. To improve their
critical thinking skills, a Critical Thinking Workshop

Table 2: Assessment data for 2007.
Year
2nd year
3rd year
4th year
Goal

2.1.1
2.79
2.56
3.23
4.1

2.1.2
2.89
2.75
3.35
3.2

2.1.3
2.73
2.77
3.32
3.6

2.1.5
2.72
2.60
3.39
3.6

2.4.2
3.08
3.26
3.40
3.3

Figure 3: USNA assessment of CDIO 2.x.x topics.

2.4.4
2.88
2.81
3.35
3.6

2.5.1
3.34
3.42
3.52
3.7
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was introduced for those students in their 2nd year.
This workshop provides students and faculty
members with a standard language for evaluating
student work. Again, faculty members are encouraged
to use this language in subsequent courses.

Series. Recently, he has authored several papers
detailing the US Naval Academy’s participation in the
Conceive – Design – Implement – Operate (CDIO)
project and he has conducted numerous CDIO
workshops around the world.
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Conference Proceedings of the
10th UICEE Annual Conference on Engineering Education
under the theme:

Reinforcing Partnerships in Engineering Education
edited by Zenon J. Pudlowski
The 10th UICEE Annual Conference on Engineering Education, held under the theme of
Reinforcing Partnerships in Engineering Education, was organised by the UNESCO International
Centre for Engineering Education (UICEE) and was staged in Bangkok, Thailand, between 19 and
23 March 2007, at the Menam Riverside Hotel.
This volume of Proceedings covers a wide selection of various papers submitted to this
Conference, which detail a range of important international approaches to engineering education
research and development related to the Conference theme, as well as other specific activities.
The 64 published papers from authors representing 25 countries offer an excellent collection that
focus on fundamental issues, concepts and the achievements of individual researchers. The papers
have been organised into the following sections:
•
•
•
•
•
•
•
•
•
•
•
•
•

Opening Addresses
Keynote Addresses
Innovation and alternatives in engineering education
New approaches to engineering education
International examples of engineering education and training
Current issues and trends in engineering education
UICEE Special Session
Multimedia and the Internet in engineering education
Important issues and challenges in engineering education
Case studies
Effective methods in engineering education
Quality issues and improvements in engineering education
Research and development activities in engineering education at the ECUST

The diversity of subjects, concepts, ideas and international backgrounds in this volume of
Proceedings demonstrate the global nature of UICEE-run Conferences, as well as its relevance
within the worldwide affairs regarding engineering and technology education.
Importantly, all of the papers have undergone assessment by independent international peer
referees and have been professionally edited in order to ensure the high quality and value of the
Proceedings into the future. As such, it is anticipated that this volume will become a useful source
of information on research and development activities in the dynamic and evolving field of
engineering and technology education.
In order to purchase a copy of the Proceedings, a cheque for $A100 (+ $A10 for postage within
Australia, and $A20 for overseas postage) should be made payable to Monash University UICEE, and sent to: Administrative Officer, UICEE, Faculty of Engineering, Monash University,
Clayton, Victoria 3800, Australia. Tel: +61 3 990-54977 Fax: +61 3 990-51547
Please note that all purchases within Australia must include GST.

