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Engineering can be one of the most rewarding careers available to graduates, requiring continued
problem solving and the application of theory learned at university. Despite this, many engineering
courses fail to make use of the opportunities available through student-industry interaction. The
School of Engineering at the University of Durham, Durham, England, UK, has devel oped a number
of teaching methods within two of its fourth year streams. All the methods rely on continued and
extensive industrial contact and are beneficial, not only for the student, but also for the industrial
partners. The article is an investigation into the teaching methods used, including the methodol ogy,
and a consideration of the benefits for students. It article goes on to see how the work done by
students within the methodology is perceived by theindustrial contacts. It is concluded that, through
these methods, the University of Durham has indeed been able to provide an arranged marriage
between students and companies and that this marriage could further be considered as being

made in heaven.

INTRODUCTION

The four-year MENg at the University of Durham,
Durham, England, UK, offers a number of fina year
streams. Traditional subjects, such as mechanical and
civil engineering, sit dongside aeronautics and the less
conventional Manufacturing Engineering with
Management (MEM) and Integrated Electrical/
Mechanical Engineering (IEME) courses.

In thisrespect, the word unconventional describes
the methods that are used in the teaching rather than
the subject being taught. Indeed, the IEME courseis
based around wholly conventional subject matter, such
as stress anaysis, dynamics and vibrations and so on.
However, it also includes amodule entitled Advanced
Engineering Design where a number of design

*A revised and expanded version of a keynote address
presented at the 3'Y Global Congress on Engineering
Education, held in Glasgow, Scotland, UK, from 30 June to
5 July 2002. This paper was awarded the UICEE gold award
(joint third grade with one other paper) by popular vote of
Congress participants for the most significant contribution
to the field of engineering education.
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techniques, particularly relevant to the manufacturing
industry, are investigated.

Both the MEM and Design courses are run by the
staff of the Centre for Industrial Automation and
Manufacture (CIAM) within the Schoal. It is the
extent of the links between CIAM and local industry
that has allowed the successful development of the
student-industry relationship —the main characteristic
of the MEM and IEME courses and the subject of
this article.

TEACHING METHODS

A number of different teaching methods have been
developed that are particularly suited to these two
courses. The underlying structure of each method is
farly smilar. Firstly, the students are given lecture-
based classes, describing and defining a number of
design or manufacturing methodologies or tools, which
can be used in a manufacturing context to improve a
company’s performance. Such tools can include, for
example, Design for Assembly (where manufacturing
costs can be considerably reduced by speeding up the



78 T.D. Short, J.A. Garside & E. Appleton

manual assembly time of components), Design for
Manufacture (simplifying component features to
enable smpler and cheaper component manufacture)
or Quality Improvement Methods (methods to
significantly reduce the waste of time and money
through sub-standard goods).

Some of thesetools, and thehands-on, team-based
approach they promote, have been further described
in published literature [1][2]. The students then try
out the tools within the classroom. For example, a
breast pump may be investigated in Design for
Assembly and different designs/models of pumps may
be available for the students to analyse. Findly, and
perhaps most importantly, each of these methods
requires the students to interact with an industrial
partner. The extent of this interaction depends on the
particular method involved, but the results, ie thework
and ideas of the students, can produce numerous
benefits for the company.

There are three main methods of this type that
require a marriage between an industria partner and
the students: Industrial Problem Solving, Investiga-
tive Projects and Teaching Days. In al three of these
methods, the selection of the industrial component of
the teaching methodology is only made a few days
prior to the course taking place. This ensures that the
project has maximum relevance both to students and
to the company.

At the end of the third year, studentswho intend to
go on to the 4" year IEME or MEM streams must
take part in the Industrial Problem Solving course.
This is a two-week course divided up into a week’s
training at the University and a week applying that
training within acompany. Theimmediate and primary
aim of the fortnight, according to Dr lan Carpenter,
lecturer for two of the core modules in the MEM
course, is to provide preparatory training for the
more detailed problem solving that takes place in
the Investigative Projects they will be required to do
in their 4" year.

Prior to going into a company, students acquire a
number of tools that may be used to tackle the problem
set by the company. As such, the training in the first
week covers a number of different design and/or
manufacturing methodologies, any one of which may
be particularly relevant to the company’s problem.

After thetraining iscompleted, studentsare directed
into randomly chosen pairs to the appropriate compa
nies where they are introduced to the company
contact. After an initial settling in period, the only
further university contact (although the tutor is
available at al times should any problems arise) isa
midway check that the students are progressing
appropriately with the project.

Within the company, it is the company contact,
rather than the university tutor, who introduces the
problem and from this point on, students are expected
to work within the company as, effectively, amember
of the company. Thus, working hours, dress, ethics
and so on are as per the company’s employees,
causing minimum disruption to the company, as well
as giving students a limited amount of work
experience.

The two-per son approach to the company project
has been found, through several years of running such
projects, to be very important. A single person would
be likely to feel extremely isolated attempting a
problem-solving project within a company. In dealing
with the isolation, it is further likely that the student
would demand more and more time from company
employees and/or the university tutor, either to remove
the feeling of isolation or to enable the project to
progress. Having two students in groups alows them
to support each other throughout the project, bounce
ideas backwards and forwards between themselves
and progress the project at an appropriate speed.

On the other hand, groups with more than two
people have been found to cause a number of
problems, including isolation of asingle member and a
lack of effective use of teamworking. Indeed, groups
of three students working on a project have not been
found to deliver any more than a group of two and
each student has appeared to gain less benefit from
the project than would be expected in a two person
group.

The end of the project ismarked by ther oad-show.
Each pair of students presents the outcome of their
project to the other students doing the course and to
gppropriate members of the company. Through this
method, students gain an appreciation of what the
project has taught other companies and students, on
top of gaining an insight into the type of work in
another Northeastern company. Further feedback is
available to the company through a formal project
report, capturing the salient details from the project
and alowing alittle more depth than is possible in the
road-show presentations.

Thetwo-week Investigative Projects are perhaps
the core of the final year for the manufacturing and
integrated engineering students. They are similar in
style to the projects in the industria problem-solving
course — students are teamed into pairsto approach a
problem being faced by alocal company at that point
in time. As the projects take place at the end of the
terms, they build directly on the lecture material. The
increased duration gives amore redlistic and morein-
depth approach to the project than is available during
industrial problem solving and it would therefore be
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expected that both students and companies get
considerably more out of these projects.

Aswith theindustria problem solving courses, the
investigative projects are part of the examination
procedure. Thefinal reports are examined, as are the
project presentations. Both the reports and the
presentations are significantly different from those
required within a normal final year project. They are
directed at senior management within the companies
and are therefore intended to be done in a profes-
siona format, rather than the academic format required
in the final year project.

The Teaching Days are single daysthroughout the
year, where students spend the entire day within a
company. Thiscompany has been specifically selected
to highlight a particular part of the course. There is
usually abrief presentation by the host company, firstly
introducing the type of work in which they areinvolved
and secondly demondtrating how they make use of
the manufacturing/design tool or method that is the
day’s topic. The mgjority of the day is then spent
using the tool to tackle a problem contemporary to
the company and the results are presented back to
the company at the end of the day.

THEORY

The ultimate aim for an engineering lecturer is to
enthuse the students sufficiently so that they take up
engineering themselves. Traditional engineering
courses that are lecture- and theory-based typically
have to provide this kind of encouragement through
the lecture format or, to a limited extent, through a
final year project. However, where students are able
to see theredlity of engineering and the application of
their knowledge to rea engineering problems, the
enthusiasm can more easily be generated. In thisway,
the definition of thelearning outcome beginsto broaden.
The aim becomes not only enthusiasm for engineer-
ing, but aso an appreciation of everyday engineering
and its issues, such as how industriad organisations
work and the different cultures they can embrace.
Professor Sir Graham Hills, in his keynote address
to the 3" Global Congress on Engineering Educa-
tion, held in Glasgow, Scotland, UK, describes two
kinds of knowledge: explicit (or codified) and tacit
[3]. Explicit knowledge is the vast accumulation of
knowledge as facts, theories, illustration, films,
simulations, etc which can be taught, learned,
remembered and re-expressed with exactitude [Hills
own emphasis] [3]. In the context of the teaching
methodol ogies described here, the explicit knowledge
is provided through the lecture courses or seminars.
Thisknowledge isthen drawn on by the students when

working within the company to enable them to carry
out their projects.

Tacit knowledge, on the other hand, is the collec-
tion of knowledge that cannot yet be or has not
yet been written down or recorded. It isthe knowl-
edge of experience that cannot be acquired from
books and from lecture notes. It cannot be taught;
it can only be learned [3]. By ensuring that the
students spend time within an industrial environment
in all three teaching methods, the students are directly
provided with the opportunity to gain Hills tacit
experience — experience that he clamsisalwaysmore
important than codified knowledge [3]. Consequent
learning outcomes arethereforelikely toinclude every-
day skills, such as problem solving, inventiveness,
communication, understanding and the ability to dedl
with shop floor-management type issues, writing of
professional project reports, presentation skills and so
on. In short, while attempting to show the engineering
reality of lecture-based theory, the overal learning
outcomes encompass any number of the real-life
engineering issues, achieving the aim expressed
earlier in this section.

If the 4" year manufacturing and integrated courses
areto provide theselearning outcomeswithin the over-
all context of alearning environment, particular care
must be taken to ensure constructive alignment,
where constructive alignment is taken to mean that
the curriculum aims and objectives, the teaching
methods, and the assessment all address the same
thing [4]. In this context, the curriculum aims and
objectives are to prepare students for the world they
will eventualy occupy: that of the professiona engi-
neer. The teaching methods and assessment must
therefore reflect this, and indeed they do. The appli-
cation of theoretica knowledge within the industria
environment, as evidenced in al three teaching meth-
ods, combined with the requirement for the fina
reports and presentationsto beaimed at the professional
engineering community, ensures that the courses are
fully constructively aligned.

Such an approach clearly fits in with Laurillard’'s
conversational framework [5]. In describing her
framework, Laurillard suggests that the learning
process operates on the two levels of discussion
of theory and experienced practice, linked by
processes of adaptation and reflection. The
combination of theory and practice provided within
the three methods described above, together with the
opportunities for feedback — between students, teach-
ers, shop-floor workers and managers — alows the
processes of adaptation and reflection to develop
fredly, ensuring the maximum possible benefit to all
those involved in the process.
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ASSESSMENT

Given the anticipated learning outcomes outlined above,
ensuring that the assessment procedureisfully aligned
with curriculum aims and teaching methodsis of prime
importance. Of the three teaching methods consid-
ered in this article, only the teaching days are not
formally assessed. However, they do provide case
material that may be required for answering
examination questions. The investigative projects are
extremely important for the students overall grade,
as together they are taken to be one third of the final
year project, and therefore around 7% of the entire
degree classification.

Consequently, the marking scheme goes beyond
simply marking a report or a presentation and takes
into account factors that include effort, initiative and
ideas, understanding of the work and its broader per-
spectivesand overal achievements. In order to achieve
this, the examiners complete a standard pro forma
This pro forma uses headings such as those above
and gives examples, under each heading, of the level
of attainment that might be required for a certain
grade. By consideration of such factors, the profes-
sionaism of the students within the company can be
assessed effectively.

The 1992 Engineering Professors’ Conference
produced a Taxonomy of Examination Stylesinwhich
examination styles are compared according to their
potential to test levels of learning of different kinds
[6]. These levelsinclude:

Knowledge: the recall of memorised informa-
tion.

Skills I: objectively measurable skills such as
maths calculations, spelling and grammar,
computer skills etc.

Sills 2: defined as complex skillswhich require
judgement by examiners - like communication
skills, interpersonal skills, leadership skills,
€tc.

Clearly at the level of these projects, and by
marking a project rather than purely a report, these
complex skills (many of which come under Hills tacit
knowledge heading) can be identified and the
students credited within the marking scheme for
demonstrating them.

STUDENTS VIEWS

In order to ascertain the views of students who have
graduated from the MEM course (the IEME course
having no graduates as yet), a questionnaire was sent

around to recent graduates. A set of statements was
directed to each of the three methods, with the recipient
able to disagree strongly, disagree, be neutral, agree
or agree strongly. The statements addressed to each
method, detailed below, were identical, apart from a
single statement. Note that course was replaced by
the specific method —eg | enjoyed the teaching days
for statement 1.

1. | enjoyed this course.

2. During this course | learnt some important
manufacturing principles.

3. Varied between teaching methods:

a) Industria Problem Solving: The course pre-
pared me for the 4" year manufacturing
course.

b) Investigative Project: The projects allowed
me to apply what | had learnt throughout
the course.

¢) Teaching Days: Theteaching days consoli-
dated material | had learnt throughout the
cour se.

4. Thein-company part did not demonstrate any
manufacturing principles.

5. The course was useful preparation for my
current job.

6. The course did not help me decide what kind
of job to apply for.

7. The course provided background theory that
is useful in my job.

8. The course provided no material that | usein
my job.

9. | regularly use other aspects of the course in
my job (please detail below).

10. The course provided little of use for my
current job.

11. | thought the companies gained from being a
part of the course.

12. | found that the fact that | had done this course
helped me to get a job.

A further set of statements, also requiring a
response between disagree strongly and agree
strongly, was directed to the students' approach to
learning, and are as follows.

1. | learnt the course material because:

a) It wasinteresting.

b) | had an examination to sit.

c) | thought it would be useful preparation
for a job.
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2. Inhindsight, the course was of no use to me at
all.

3. | still remember a lot of the material from the
course.

In addition to these Satements, space was available
for further comments on any of the teaching methods.

The detailed responses from these questionnaires
present too much information to incorporate them fully
within this article. All the results presented within the
text proved to be statistically significant (see Appen-
dix 1 for a full discusson of their gatistical sgnifi-
cance) and some interesting trends can therefore be
highlighted.

In particular, before considering the teaching meth-
ods, it is interesting to note the approach to learning.
Figure 1 shows the results of this section of the
questionnaire. Note that in this graph, as in al the
graphs presented, the positive responses — namely
agreed and strongly agreed — are aggregated into
one agreed section, and the negative responses into
disagreed.

Every graduate agreed that they had learnt the
course material because it was interesting — state-
ment 1(a) — but only 80% because they had an
examination to sit — 1(b). This can be contrasted with
the results of a separate questionnaire sent to all
current finalists where 97% were learning the
materia because of thefina examination, but only 57%
agreed that it was interesting.

All graduates disagreed with the statement that In
hindsight, the course was of no useto me at all —
statement 2 — and nearly all agreed that they ill
remembered alot of material from the course — state-
ment 3. Clearly, the course had a profound effect on
the students.

The results of the statements relating to teaching
methods can be seen in Figures 2 and 3.

Before looking at the individual methods, some
genera trends can be highlighted. Four statements
elicited very strong responses, either in agreement or
disagreement, these being numbers 1, 2, 4 and 11. Thus,
as well as enjoying all three teaching methods, the
studentsfelt that through these methods they had lear nt
some impor tant manufacturing principles as (some-
times) demonstrated by the companies. Interestingly,
the students also thought that the companies
themselves had gained from being part of the
exercise. This possibility will be investigated later in
the article.

Industrial Problem Solving

All of the respondents (100%) agreed or strongly
agreed with the statement 1 and 93% with statement
2 as discussed above. In addition, 95% agreed with
statement 3 - The course prepared me for the 4"
year manufacturing course. Clearly, the course is
meeting its primary aims as voiced by Dr Carpenter.
Thisisfurther evidenced in supplementary comments,
such as:

Good preparation for 4" year.

Set the scene.

Nice littleinsight into what the 4" year course
would be.

I nvestigative Projects

Sixty-seven percent of respondents strongly agreed
that they had enjoyed the projects, with afurther 30%
agreeing. Given the aim, stated earlier, to induce
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Figure 1: Approach to learning questionnaire results.
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Figure 3: Percentage disagreeing with each statement.

enthusasm in engineering, this is particularly pleesng.
Of further interest is the response to statement 6 in
that only 10% agreed (none of them strongly) with
the statement The projects did not help me decide
what kind of job to apply for.

Additional comments directed to the projects
include: These cour ses made me enthusi astic about
going into manufacturing; brilliant, able to learn
and get invaluabl e experience; and, particularly, the
experience | gained in these projects is more
useful to mein my current job than everything else
| learnt while at Durham Perhaps the only major
negative point that arose from the projects was the
occasiona absence of feedback from the company
as to how they have or have not acted on the
students' proposals.

TEACHING DAYS

The results regarding Teaching Days are perhaps the
most equivocal, with little standing out apart from the
genera trends aready mentioned. That thisisthe case
is confirmed by the fact that only half of the questions
produced statistically significant results, as discussed
in Appendix 1.

The additional comments offered on this method
are equally contrasting, from inspiring; it was very
useful to see successful companies deploying
techniques ... to least valuable [of the three
methods]. However, one exception is that, as for the
investigative projects, the teaching days seem to have
helped in the choice of ajob, with only 17% agreeing
with statement 6.
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FURTHER BENEFITS

It is clear from the commentsin thefurther responses
sections of the questionnairesthat many of the gradu-
ates are aware of some of the consequent learning
outcomes detailed earlier, beyond the obvious subject-
specific skills. Of particular note are the following
comments from three graduates that particularly
highlight the tacit knowledge they have gained:

[ The course] equipped [me] with skillsthat are
useful in all walks of life - transferable skills,
working in teams, presenting in front of a
group, working quickly and logically to meet
deadlines, €etc ...

Negotiating skills (with shop floor + supervi-
sors) developed then are used now. Also
ability to explain a logical course of actionin
such a way as to engage support of others.
Working practices - particularly short + sharp
project management - wer e greatly devel oped.
When | meet new people at work & mention
that | read Engineering they show a great deal
of respect - thisisbecausethey realise | learnt
some valuable skills which are transferable
such as structured problem solving, analytical
analysis, etc. |, on the other hand, thought |
learnt about JIT, Lean Manufacturing, etc.

Thus, with hindsight, the students can see benefits
that might not have been obvious at the time of doing
the course.

Only 10% of respondents disagreed with the state-
ment | found that the fact that | had done this
course helped me to get a job when applied to the
investigative projects. A specific example given was
that the teaching methods were v. useful [for]
demonstrating client exposure and practical
problem solving in a business environment when
attending job interviews.

THE COMPANIES VIEWS

Whileit may seem that the predominant benefit of the
teaching methods would be for the students, benefit
for the companiesinvolved iscrucid if their continued
involvement is to be assured. Unfortunately , anecdotal
evidence suggests that the type of student
in-company project normaly run by universities is
often perceived to be of little value to the host compa-
nies. Therefore, in order to assessthis, company feed-
back is sought as a matter of course for the industrial
problem solving and investigative projects. The
companies are asked to rate a number of project

aspects on a negative-to-positive scale of 1to 5. The
results demonstrate the companies’ perceptions of the
atributesrather than, perhaps, an objectiveview. How-
ever, in terms of a benefit to the company, it is the
companies perceptions aone that are important.

The results for the investigative projects carried
out in 2000 and 2001 are extremely encouraging and
are statistically significant. Eighty percent of the
companies gave ascore of 4 or 5 for achievement of
objectives, indicating that the project had more than
met expectations. Convincingness of feedback and
realistic solution to problems were awarded scores
above three in 86% and 87% of projects respectively,
indicating companies' trust in the results. Findly, for
taking theresultsforward, ability to build on recom-
mendationsisrated as4 or 5 for 93% of the projects.
These results, presenting the views of the companies,
strongly suggest that the projects are providing
definite benefits to the companies.

Similar anecdotal success stories can be found
within theindustria problem-solving course. A recent
project involved re-designing a component to reduce
labour costs during assembly. The result was so
successful that the company sent the new design to
itsbiggest American customer for trials. It isexpected
that the new design will save around £0.75 on each of
the 50,000+ components sold each year. The cost of
re-tooling to make the new component is likely to be
£10,000, giving savings of £38,000 per annum, after a
payback period of around three months.

Mechetronicsis one company that has had along-
standing relationship with Durham University. While
Jm Summerbell, the Technical Director, recognises
that the students gain a lot from their projects within
the company, he believes that the company actualy
gains more. Mechetronics is only a relatively small
firm and, therefore, cannot afford to spend a lot of
time babysitting students, as might be the case with
traditional in-company projects. Instead, says
Summerbell, with Durham studentsthe mgjority of the
time is spent in the briefing — after that they hardly
notice they're there. Yet at the end of the project
they come up with some bloody good ideas!

While the companies potential benefits may be
considerable, they will only be redlised if it has the
desire and resources to carry them forward. The
rapport that has been built up between the University
and local industry means that if the students suggest
some improvement, the company will, on the whole,
accept this.

However, the implementation of the proposa is
altogether different. Corporate inertia, company
politics and personnel issues — both of the companies
and of the companies customers — can hinder the
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execution of even the best money-saving proposd. Such
an issue goes beyond the realms discussed here, but isa
factor that must be realised and accepted in the develop-
ment and running of any of the teaching methods.

CONCLUSION

The 4" year MEM and |EME engineering students at
the University of Durham are taught through anumber
of different industrial-based methods. The research
outlined here shows that these methods have a con-
siderable impact on the students — encouraging them
to learn for reasons beyond their final examinations,
sometimes even because the materia is interesting!
The benefits the students believe they have gained
are considerable, both academically and in acquiring
management and communication skills, based on tacit
knowledge that cannot easily be developed through
traditional lecture-based courses.

However, while the students benefit significantly
from this style of teaching, the industria partners that
areinvolved dso profit —often directly through improved
components or processes. While the arranging of this
marriage between industry and student isby no means
easy, the results for al those concerned would sug-
gest that it is indeed a marriage made in heaven.
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APPENDIX 1

The results of the questionnaires (sample size = 30)
were tested for statistical significance taking a 5%
significance level on a two-tailed test. It is worth
noting that, as the test is two-tailed, the effective
standard against which each result is examined is
actualy a2.5% significance level, providing consider-
able confidence in any results found to be significant.
All of the results that are individualy quoted within
this article proved to be significant againgt this test
and, indeed, the mgjority of the results passed the test.
The only exceptions, of al the tests mentioned in this
paper (including the questionnaires for the fina year
students and for the companies) were:

Industrial Problem Solving: statements 7, 8 & 9.
Investigative Project: statements 7 & 9.
Teaching Days. statements 5, 7, 8, 9, 10, 12.

All of the other results were significant.
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