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This paper describes comprehensive marking criteria, which have been developed over a number of
years, for the assessment of an innovative undergraduate course in engineering design. The course
assessment is based almost entirely on group project work. A strong emphasis is placed on oral and
visual communication skills during the first semester, which are complemented by a concentration
on more technical engineering design material in the second semester. The paper begins with a
description of why the course was developed and how it fits within a conventionally taught and
examined undergraduate degree programme in Industrial Engineering and Information Systems.
This initial descriptive material is followed by a discussion of the learning goals of each element of
the course and details of the marking criteria adopted. Finally, there is a critical review of the
assessment methods used.

INTRODUCTION

IN COMMON with many undergraduate degree
programmes in Europe, the four-year Bachelor of
Engineering programme in Industrial Engineering
and Information Systems provided in Galway
contains a strong core of formally taught and
examined courses. Formal teaching methods
have, indeed, much to commend them. There is a
great deal more, however, to the education of
engineers than the ritual regurgitation of infor-
mation for final examinations. From a purely
pedagogical point of view, one of the main
drawbacks of formal teaching methods is that
each course within a degree programme is self-
contained and there is often little, if any, inte-
gration of material between individual courses or
modules within a particular programme year. Too
often, there is also poor development of material
from one year to the next and, frequently, there is
only a tenuous connection between the syllabus
and students' perception and experience of the real
world. In other words, there is a strong concentra-
tion on specific learning methods and the exclusion
of others.

According to Entwistle, research on student
learning has identified two dominant orientations:
knowledge-seeking, and understanding-seeking
[1]. Those who have a knowledge-seeking orien-
tation search for facts and information, they are
not interested in speculating, playing with ideas or
searching for deeper meanings. By contrast,
those with an understanding orientation are less

interested in facts, they relate what they learn to
their earlier experience, and explore potential
connections, linkages and discrepancies. Those
who learn through understanding tend to be
intrinsically motivated rather than responders to
a system [2]. There is an obvious parallel, here,
with de Bono's critical thinkers and generative
thinkers: on a practical level, critical thinkers
(describers) tend to stay within the bounds of the
topic under discussion, whereas generative thin-
kers (doers) seek to test their knowledge in the real
world of existents [3]. It is apparent that formal
teaching and examination methods tend to alienate
those who learn through understanding. This
characteristic bias has been commented on by
many observers (see reference [4], for example); it
is particularly noticeable within scientific and
engineering education.

Pedagogical factors, however, are not the only
ones that must be considered in the education of
engineers. There are also professional require-
ments to be satisfied, a question of transferable
skills, the issues of relevance, motivation, profes-
sional training, research, the contribution to life-
long learning, etc. Each of these factors demand
attention. In order to find a balance, each society
must make judgements on the relative worth of
these factors and, given sufficient freedom, act
accordingly. At the University of Aalborg, for
example, a complete switch from formal teaching
methods to project-based teaching has been made
throughout the whole degree programme [5]. Also,
where funding allows, new degree programmes can
be offered with a central core based on the more
creative aspects of engineering such as design [6].* Accepted 26 August 2000.
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A COURSE IN ENGINEERING DESIGN

Degree programme intake, structure and content
In Galway, a typical eighteen year-old university

entrant would probably have seven or more
subjects at School Leaving Certificate level, includ-
ing three languages. The vast majority of entrants
do so straight from secondary school. They would
normally have little or no direct experience of
engineering activities. All undergraduate engineer-
ing programmes offered in Galway span four
years, the first two being largely common between
the various disciplines, and which concentrate on
basic engineering science, mathematics, informa-
tion technology, etc. Broadly speaking, it is the
syllabus in third and final year that gives each
degree programme its individual identity and
flavour.

The BE programme in Industrial Engineering
and Information Systems (IEIS) contains several
courses and modules that are not commonly found
in other, more traditional branches of engineering:

. Industrial Management

. Organisational Development

. Managerial Economics

. Ergonomics

. Human Biology

. Operations Research

. Reliability

. Safety

. Quality

. Communications.

In final year, there are also optional courses in:

. Languages (French and German)

. Accountancy and Finance

. Industrial Psychology

. Industrial Sociology.

There is also an industry-based project in final
year, which contributes 20% to the assessment in
that year. In the Engineering faculty, each
programme year comprises a number of courses
and/or modules which combine to a total assess-
ment of 1000 marks. Ten years ago, there would
typically have been 10 courses of 100 marks each.
There have been numerous changes since that time,
most notably the introduction of semesterisation,
an increase in the number of modules (material
taught and examined during a single semester),
and an introduction of the European Credit
Transfer System (ECTS).

Why design?
A course on Engineering Design was perceived

as the means by which students could be exposed
to the activity of `doing' as well as of `thinking', i.e.
the opportunity would be provided for students to
learn through understanding. Initial experience
with the course was very positive and this pro-
vided sufficient impetus to develop the approach
further [7].

Design is an activity, not a subject heading. To

design anything, one must become actively
involved with the material one is working with,
whether it be a computer program, a piece of
automatic equipment, a ball of clay, or an evalua-
tion of ideas. In other words, an involvement in the
design activity necessarily involves the participant
in the real world of `things' and `concepts'. To help
focus on these (and other) ideas, the author has
offered the following definition of design within an
engineering context [8]:

Design is the purposeful means and end-result of real-
ising a product or process that satisfies acknowledged
and stated criteria.

This definition makes it clear that the following
four elements are identifiable within the design
activity:

. development of starting criteria (specification
stage);

. a purposeful search for solutions (conceptual
design stage);

. the description of a chosen solution (detail
design stage);

. an assessment of the solution against the starting
criteria (evaluation and build).

In order to permit students to experience the
activity of design it is necessary to break away
from formal teaching and examination methods.
Project-based learning offers an ideal pedagogy for
teaching design. The attractions of project-based
learning activities are: they allow a student (or
group) to collect and collate information, to
develop alternate strategies, to make prognoses
and test them, to prepare reports and present
their case to others. Project-based learning, in
other words, is not only an effective means of
teaching design but can also be a vehicle for the
synthesis of ideas. Intellectually, a project-based
pedagogy permits the brighter students to extend
themselves to their full potentialÐa potential,
which is usually way beyond the limited horizons
of formally taught courses. And for the less able
students there exists an opportunity to substitute
quantity for quality by putting in extra hours of
study on the project.

Initial course structure
A standalone, continuously appraised, project-

based course on Engineering Design was intro-
duced in September 1989, and was valued as the
equivalent of one full course (100 marks). The
course ran over two twelve-week semesters. Details
of the course structure, content and teaching
methodology have been published elsewhere
[9±11] and require only a brief description here.

During the first part of the course, self-
determined groups of about ten students each
selected an environment-based project to study.
Topics covered in this area have included waste
management and recycling, pedestrian and vehi-
cular traffic problems, sick building syndrome,
marine pollution, computer viruses and student
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timetables. The second major part of the course
involved smaller groups (of 2 to 4 students). These
projects cover a wide range of material and
demand the acquisition of new knowledge, tech-
niques and skills appropriate to the scope and
depth of the project itself. Students were given
feedback through regular project meetings and
via comprehensive comments on their written
reports. Occasional lectures were given to the
class as a whole on specific design topics, particu-
larly in the first few weeks. Over the remainder of
the academic year students may have undertaken
up to two or three design projects depending on the
time taken to achieve agreed objectives within each
project.

Current course structure and contents
Numerous changes have been made to this

third-year course since its introduction in 1989.
However, the underlying emphasis on project-
based teaching has remained unchanged. A major
revision in structure and format was introduced in
September 1996 to accommodate both the adop-
tion of semesterisation and an increased emphasis
on communications within the Engineering
faculty. A full description of these changes has
already been published [12]. In brief, the current
Engineering Design course has been increased in
value to 20% of the total assessment at third year.

At the moment, the graphical communications
element consists of basic instruction in the use of
AutoCAD, which occupies 2 hours per week. The
primary learning goal, here, is to increase the level
of manipulative proficiency of students to a mini-
mum benchmark standard and to build upon the
practical drawing board experience they gained in
earlier years of study. These aims are achieved by
employing a contracted, outside service provider.

In regard to instruction in oral and written
communications, the initial part of the module is
geared towards career development: the prepara-
tion of a CV, a business letter, a memorandum,
and a job application. The advice and examples
provided by the instructor are also readily sup-
plemented by available texts (see reference [13], for
example). The learning goals of these initial assign-
ments are self-explanatory and make up 25% of the
overall assessment of this module. The remaining
75% of the marks are allocated to group project
work, which is assessed by means of individual oral
and written presentations. These projects are delib-
erately chosen to get students to look outside the
classroom, and to encourage them to examine the
impact of design decisions on society at large. As
with the AutoCAD module, instruction in oral and
written communication is also undertaken by a
competent, outside service contractor. The projects
themselves, however, are jointly managed and
assessed by the service provider and the academic
director. These projects run for a further 6 weeks:
each week consists of 1 hour of instruction, which
is followed by a scheduled meeting with each
project group lasting 30 minutes. These meetings

permit some discussion and feedback on the
project itself, assistance with information sources,
and a general appraisal of the group and of each
individual student. Two weeks are allowed at the
end of this period for preparation of the oral and
written presentations. Each oral presentation is of
5 minutes duration; the written report is not to
exceed 10 pages.

Finally, we come to the second semester. A list
of design projects is presented to the class during
the first week. Students work in pairs and, occa-
sionally, a pair suggests a design theme of their
own. These projects occupy the whole 12-week
semester, and are completed by an oral presenta-
tion and written report. Unlike the first semester,
however, there is no restriction in the length of the
written report. The oral presentation is also of
longer duration: 20 minutes for the presentation,
plus 5 minutes for answering questions from the
examiners. For most of the semester, there is a
weekly lecture on specific aspects of the design
activity: specification, methodology, organisation,
time management, evaluation, etc., etc. There is a
major difference in the format and in the assess-
ment of this design work in comparison to com-
munications module. Instead of regular weekly
meetings with each project group, the concept of
`client' meetings has been introduced: student
`consultants' only arrange to meet their `client'
when they think they have something to discuss.

It should be apparent from the above that each
project demands a different mix of student learn-
ing. In general, however, each project contains the
potential for a student to span the whole cognitive
domain as in Table 1.

ASSESSMENT

Details of the marking scheme adopted have
been published earlier [12, 14], although some
minor changes have been made more recently.
The following paragraphs concentrate on how
the specified learning goals are assessed; they also
provide a summary of the marking schemes.

Graphical communications
Competence with AutoCAD is assessed through

two assignments of 10 marks each, which are
returned during the instructional period, and a 1-

Table 1. Hierarchy of the cognitive domain [2]

6 Evaluation Ability to make a judgement of the
worth of something

5 Synthesis Ability to combine separate elements into
a whole

4 Analysis Ability to break a problem into its
constituent parts and establish a
relationship between each one

3 Application Ability to apply rephrased knowledge to
novel situations

2 Manipulation Ability to rephrase knowledge
1 Knowledge That which can be recalled
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hour end-of-semester hands-on examination
valued at 30 marks. The examination demands
the construction of the usual orthographic views
of a typical engineering component or assembly,
and only the most skilled would manage to
complete the drawing in the time available.

Oral and written communications
The breakdown of the available 50 marks for the

module is as follows:

Grammar quiz 5
Short assignments (4 � 5 marks) 20
Oral presentation 10
Written report 15

Individual oral presentations, based on the content
of the report, take place in weeks 11±12. Students
are required to dress formally and present a well-
groomed appearance. The entire class is expected
to attend the presentations. Immediately after
each talk, feedback on content and performance
is provided by the two assessors, one of whom is
the communications instructor, the other being a
professional engineer. Each presentation is of 5
minutes duration and is videotaped for subsequent
evaluation by both instructors and students.
Marks are awarded using the scheme presented
in Table 2.

Peer assessment, using the adopted marking
scheme, has proved unsuccessful with this class
despite several attempts at its implementation.
Analysis of the consistency of marks from these
trials has shown that students generally lack suffi-
cient maturity at third-year level. They tend to
mark their friends very highly, and mark other
class members erratically. There seems to be a
distinct change in maturity in final year, where

peer assessment has been a regular feature of oral
presentations in design for several years.

The following criteria and marks (maximum
100%, of 15 marks) are used for assessing the
written report:

General appearance/professionalism 5
Title page 5
Table of contents 5
Figures and tables 5
Section headings and subheadings 5
References in appropriate format 10
Citations and acknowledgements 10
Informative summary 10
Introduction 10
Conclusions 10
Development of content 25

It should be noted that all assessment allocations
are in multiples of 5 marks each. Assessors quickly
get a good `feel' for the award of marks in these
blocks. In any case, it makes little sense in sub-
dividing the blocks further since the total maxi-
mum mark available for this element is only 15.

Engineering design projects
In second semester, students work on their

major design project as previously described. The
marks breakdown for this element of the course is
as follows:

Contribution to `client' meetings 20
Oral presentation 20
Written report 60

Oral presentations are marked using the scheme
presented as Table 2, above. As a general rule,
each project group presents a single report. The 60

Table 2. Marking scheme for oral presentations

Presentation skills Poor Fair Good V. Good Perfect

Effective Introduction
Introduced speaker(s)?
Objectives clear?
Main points outlined?

1 2 3 4 5

Preparation
Was there a logical structure?
Best use made of time available?
Level of professionalism?

1 2 3 4 5

Speech and interest
Good delivery, no annoying mannerisms?
Fluent, enthusiastic?
Ability to hold audience interest?

1 2 3 4 5

Content

Knowledge of subject
Main points emphasised?
Comprehension of material?
Summaries used?

1 2 3 4 5

Discussion Handling
Were questions cleared up?
Were questions avoided?
Was closing statement effective?

1 2 3 4 5

Total
(max. 25)
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marks available for the written report are further
broken down (as a percentage) as follows:

Presentation (layout, references, etc.) 10
Comprehension of topic, analysis & 20

application of same
Interpretation, synthesis and organisation 20

of information
Evaluation & judgement base, objectivity 20
Content 30

Unlike the first semester, emphasis in the second
semester is placed more on how the student has
developed and delivered on the design theme.
Presentation skills, though important, are of less
significanceÐstudents are expected to have
learned these skills from the earlier module.

As an aside, the author assisted in the com-
pilation of a marking scheme for the assessment
of oral presentations in the Geology Department
in Galway. The scheme is presented in Table 3.

This scheme features a binary measure of per-
formance (students score either a zero or a 10
depending on whether they have done the required
reading or not); it also features a score of zero for
an unacceptable performance under each heading.
Feedback on its implementation was very positive.

To return to the marking schemes adopted for
Engineering Design. There are two aspects that
require more detailed explanation. The marks for
`content' are allocated in a specific manner, and
four areas have been identified for these marks:

. significant information retrieval and evaluation;

. significant or complex computing element;

. significant or complex laboratory or modelling
element;

. significant mathematical element.

In brief, the marks for `content' are awarded for
conceptually difficult or otherwise time-consuming
aspects of the design activity. Based on experience
to date, even the most able students can cover no
more than three of these areas in the time avail-
able. The 30% of marks, therefore, are used to top-
up from 70% (the bottom end of the first class
honours grade) to 100% depending on the presence
of 3 out of 4 content areas and the difficulty of
each one. Two independent assessment variables
are addressed by this mechanism: the award of
high first class honours marks (some examiners are

loathe to award 90%+) and the intellectual and/or
time commitment of the students themselves.

Secondly, there are 20 marks available for
student performance during `client' meetings. As
mentioned above, each pair of student `con-
sultants' is free to make an appointment to discuss
their design project with their `client' when they so
wish. These 20 marks are made available for
the assessment of student interest and involvement
in the project, for professional and considerate
behaviour, and for honesty.

FINAL REMARKS AND CONCLUSIONS

On several counts, the assessment methods
described above seem to be quite effective. On a
practical level, the adopted marking schemes are
relatively simple to use, particularly the oral
marking scheme. They also have the advantage
of transparency, i.e. students know what is
expected of them, and the schemes are there to
be discussed by the course director, assessors,
students, and external examiners. Although the
marking schemes are generally seen to fit their
purpose, some outstanding questions remain to
be answered. In particular, some time needs to be
directed at finding a solution to the problem posed
by the assessment of projects with significant
differences in content.

A feature of projects in design and, indeed,
projects undertaken in outside organisations is
that there is a wide variation in the availability of
relevant reference material, sources of expertise
and advice, technical and/or practical content,
and the degree of assistance provided by the host
organisations (if any). In an attempt to address
these difficulties, the author has used a top-up
mechanism based on the perceived technical
content and/or time consuming aspects of the
design activity.

This top-up mechanism has been criticised for
the fact that it marks each project in a different
and unpredictable manner. `Easy' projects, it is
argued, have fewer marks available to them. There
is no simple answer to such comments; one needs
to look elsewhere for possible solutions. Without
question, it is unfair (on students) to mark `easy'
and `hard' projects in the same manner. Yet there

Table 3. Marking scheme for oral presentationsÐGeology

Abysmal Poor Fair Good V. Good Perfect

Presentation Skills
Introduction/informativeness 0 2 4 6 8 10
Structure 0 2 4 6 8 10

Content
Relevance of material to topic 0 4 8 12 16 20
Depth of research 0 binary binary binary binary 10

Comprehension
Grasp of content 0 6 12 18 24 30
Response to questions 0 4 8 12 16 20

Total
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is no practical mechanism of ensuring that open-
ended projects can have the same difficulty. A
currently fashionable approach to this type of
issue is to suggest a detailed specification of
learning objectives, or outcomes, of such
project-based learning. On a practical level, this
approach tends to lead to a specification of
competencies which students are expected to use
in a variety of settings. The approach is derived
from the behavioural objectives movement and
the workplace [2].

There are many issues of assessment that cannot
be addressed adequately in a single paper of this
size. Some attempt has been made to describe
mechanisms that have been adopted to ensure
reliability and consistency between and within
assessors. Contracted service providers have been
employed both to instruct and examine in specific
areas. However, it would be difficult to support the
observation of reliability and consistency with any
meaningful statistical evidence. In the first place,

the number of projects undertaken in any particu-
lar year is fairly small and thus the statistical
integrity of the evaluation would be questionable.
A reasonable response might be to suggest a
widening of the data to include all past projects.
Unfortunately, it would be rather misleading to
re-evaluate projects undertaken over the past ten
years simply because the undergraduate curricu-
lum has changed appreciably to accommodate
advances in technology.

There are also issues to be discussed related to
underlying but unspecified value judgements that
underpin any assessment process. In heavily tech-
nical subjects, formal teaching and examination
methods tend to concentrate on memory recall,
manipulation, and analysis. As a consequence, a
teacher who does so through solely formal
methods makes a value judgement in regard to
the type of material that will be taught. Indeed, it
may be stated explicitly that assessment methods
define what can be learned.
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