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ABSTRACT

Learning spaces designed for teamwork and active learning in CDIO-based engineering
programmes need to be equipped with appropriate furniture. Spaces such as the new Active
Learning Lab at the University of Liverpool have been designed to be flexible and to be re-
configurable to suit widely different student activities. The specification for the furniture for
this space therefore contained the following requirements:
x Nothing to be fixed to the floor, giving the potential for a single open space;
X Benches to accommodate teams of up to six students;
X Benches to be movable by one person, and to be capable of being linked to form a
stage;
X Seating to be integral with the bench, so that when the benches are stored or
configured as a stage no additional storage is required for seating;
X Maximum lockable storage available within the volume of the bench;
x No permanent projection above the flat upper bench surface;
x Power and data available on each bench via a single umbilical supply;
No ready-made solution meeting these criteria could be found from a commercial supplier so
a custom solution was designed and 50 benches were commissioned. The design solution
is presented in this poster.

INTRODUCTION

Learning spaces designed for teamwork and active learning in CDIO-based engineering
programmes need to be equipped with appropriate furniture. Spaces such as the new Active
Learning Lab (ALL) at the University of Liverpool have been designed to be flexible and to
be re-configurable to suit widely different student activities. The ALL must accommodate
250 students working in teams of 5 or 6 who, on any particular day, might be engaged in any
aspect of the CDIO range of activities. The space must be usable for team meetings,
conceptual design, detailed engineering design, assembly and aspects of manufacturing,
and ultimate testing and operation of products. The specification for the furniture for this
space therefore contained the following requirements:
x Nothing to be fixed to the floor, giving the potential for each ALL to become a single
open space;
X Benches to accommodate teams of up to six students, and to be robust enough for
mechanical, electrical and civil engineering work;
X Benches to be movable by one person, and to be capable of being linked to form a
stage;
X Seating to be integral with the bench, so that when the benches are stored or
configured as a stage no additional storage is required for seating;
X Maximum lockable storage available within the volume of the bench;
x No permanent projection above the flat upper bench surface;
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x Power and data available on each bench via a single umbilical supply;

No ready-made solution meeting these criteria could be found from a commercial supplier so
a custom solution was designed and 50 benches were commissioned from British Thornton

[1].

Key features of the benches are:
x The envelope for each bench is 2,000mm x 1,000mm x 920mm. Nothing protrudes
beyond this envelope so benches can be abutted without gaps
X Load capacity (including the storage units/stools) is 900 kg
Large castors
x Centre shelf which can be raised for storage and mounting of (e.g.) instruments (see
Figure 4)
x Umbilical cord carrying power to six sockets and data to six outlets
x Stools/storage units with two castors and two fixed legs, which mount on steel plates
within the bench for moving
x Bold colour-coded doors, so that each bench carries six stools of different colour, in
which one team can store its tools, components and part-completed work. Thus the
first-year students can be allocated the yellow cupboards, while second years have
green etc.
X Every stool and every bench is numbered so that it can be identified after re-
arrangement.

X

So far there has been no formal feedback from the student users, but anecdotally the
benches have been well received, and the staff responsible for deploying them have found
them easy to work with.

Figurel The benches in use by teams of six students
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Figure2 A bench in use for a bridge building exercise

Figure3 Sixteen of the benches configured as a stage
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Figured The benches configured to create ard¢ge open space for "operation”

Figure 5 A bench with the central shelf raised and one storage seat removed

Proceedings of the 5™ International CDIO Conference, Singapore Polytechnic, Singapore, June 7-10, 2009



A plan of the bench and further pictures will be available at the conference on a CD.
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ABSTRACT

In 2005, a new Creativity, Innovation and Enterprise (CIE) Option was created for second
year students to learn new skill-sets that are geared towards moving up the manufacturing
value chain. This curriculum framework aims to infuse a mindset for Creativity, Innovation &
Enterprise where students learn foundation product design and development skills in year 2
DQG DSSO\ WKHP LQ WKHLU ILQDO \HDU 3&,( 2SWLRQ 3URMHFV
describes the achievements and results of the new option, making references to educational
reforms and initiatives from Massachusetts Institute of Technology (MIT), Kanazawa Institute
RI THFKQRORJ\ .,7 DV ZHOO DV 6LQJDSRUH 3RO\WHFKQLFYfV EHV
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INTRODUCTION
Education Transformatio n

For Singapore to be competitive within the region, she has to move into higher value added
PDOQXIDFWXULQJ DFWLYLWLHYV ZKLFK LQYROYH GHe&HOMELQI 6LQ.
the design-driven industries (amongst them is product design and development). The push

is to prepare trained workforce to engage in upstream activities and to groom a spirit of
experimentation and entrepreneurship for original content creation. This allows Singapore to

compete in the upstream position, and reduce the risk of competing via conventional means

of cost and efficiency.

To facilitate infusion of design education into curriculum, the new CIE Option was launched
for second year students which focus on training students with product design and
development skill-sets as well as exposure to business basics. This framework was drafted
based on MIT CDIO Standards, KIT Education Reform Initiatives and SP Educational Model.

The curriculum was designed to emphasize the multi-disciplinary nature of design, creativity,
engineering, entrepreneurship and at the same time train students to meet industry
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expectations. It also aims to harness the creative potential of technically competent
polytechnic students and inculcates design capability and business practices.

Changes were made in the second year and third year curriculum to include modules that
give students foundation design skill-sets in the second year with intensive project based
learning in their third year. The integrated curriculum aims to give students:

1. strong technical and foundation skill-sets

2. practical skills through real world learning experiences

3. the opportunity for active applications to facilitate understanding and retention

4. a holistic training that includes personal, interpersonal, social and team building skills.

This paper highlighted three modules in the CIE Option, namely:
Second Year

1. Product Design and Development | (PDD1)

2. Product Design and Development Il (PDD2)

Third Year
1. CIE Option Project (full time final year project)

PRODUCT DESIGN AND DEVELOPMENT 1 & 2 (PDD1 & PDD2)

In semester one of 2005, the first batch of CIE Option students began the new programme.

The batch consisted of Mechanical Engineering (MM) and Chemical Engineering (CLS)
VWXGHQWYV 7KH\ VWDUWHG ZLWK 3'"" IRXQGDWLRQ VNLOOV ZK
ideation skills, defining product specifications and creating 3D concept models. PDD1

introduces basic design processes and techniques to students and in PDD2 they are given

further in-depth skill-sets which they learn and apply them in their mini projects (CDIO

design-build experience +Std 5).

In PDD1, students have to be conversant with product visualisation skills in order to create
3D forms of conceptual products. In PDD2, students venture further to refine their concepts;
this time giving more thoughts into the details such as, the core technologies, rapid
prototyping, human ergonomics, environmental and sustainable considerations. Below are
some of the portfolios and presentations created by student teams. Some of the project
poster presentations were sent to Kanazawa Institute of Technology (KIT) and exhibited at
their engineering design poster session.

Mini project portfolios and presentation 63 VWXGHQW'
displayed at
Kanazawa Institute
of Technology (KIT)
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CIE OPTION PROJECT (CAPSTONE PROJECT)

In their 3rd year, the CIE option students follow a different training curriculum compared to
mainstream students. They had to complete a one semester (15-weeks) of full time project
work according to the CDIO stages and this is a major design-build experience programme
for them. Here the project- based-learning, being full time, is more project-focused and
intensive, somewhat similar to an industry setting.

To support the learning needs of this programme, the entire Integrated Project Centre (iPC)

ZDV UHQRYDWHG WR SURYLGH WKH &',2 ZRUNVSDFHV 6WG
Aeronautical Laboratory where specific workspaces were designated for C, D, | and O; here,

WKH HQWLUH L3& KDV WR FDWHU WR WKH YDULRXV VWDJHV RI &
needs changes. In addition, iPC is also used as an exhibition hall during the annual SP

Spinnovex Exhibition where shortlisted final year projects are showcased. With these
requirements in mind, the workspace was designed to be highly adaptable for the various

stages of this programme; from C to D to | to O and to Spinnovex.

WORKSPACE TRANSFORMATION

7R FUHDWH D WRWDOO\ IOH[LEOH RRRINJVISFDWIR MDXID RO GRY udv B R
cubicle system was necessary. Each cubicle replicates DQ 3HQJLQHHULQJ vBtMHVLJIQ RII
distinct colour scheme (representing multi-disciplinary collaborations) and an overhead
signboard (for team identity). Student teams took to designing their own signboards to reflect
their project themes and team identities. Each cubicle is also fully equipped with white
board/paper holders for meetings, power sockets for notebooks, storage cabinets for bags
and belongings, tables/side tables thatcan EH DUUDQJHG WR VXLW WKH WHDPY{V Q

Conceive

This stage of the project usually requires teams to engage in ideation, brain storming and
discussions with supervisors etc., which are supported by fact finding, research and surveys.
Team meetings are carried out within the cubicle, complete with wireless internet access for
students to explore options and possibilities.

Design

The teams then move on to this stage where details on developing project tangibles are
needed. In the case of a multidisciplinary project like the aroma dispensing exercise game
machine, MM students were involved in designing the hardware with CAD/CAID tools whilst
the CLS students were identifying aromatic compounds and characterising formulations that
will match the game scenarios at CLS labs.

For product visualisati RQ WKH &$' &%$,' /DE LV ORFDWHG DGMDFHQW WR \
RIILFH” DQG LV IXOO\ HTXLSSHG ZLWK ZRUNVWDWLRQV WR VXSS
What is unique about this setup is that all workstations are modular, i.e., each workstation

with monitor is individually housed and can be set up at any locations within iPC to meet their

learning requirements. Students find this flexibility most useful during the Implement and

Operate stages where the availability of CAD tools near their project hardware helps to

speed up modifications and design refinements.
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3(1*,1((5,1* '(6,*1] CONCEIVE

2)),&(° 02'( # L3& AND DESIGN
Teams settling in and Teams at work in ORGXODU ZRUNVWDWLRQ
putting up their WKHLU 3é8ighJ CAD/CAID Lab can be moved from Lab
signboards 2IILFH" to project site
Implement

As the project gets into this phase, there are more hands-on practical contents where
assemblies, interfacing to electrical or chemical sub-systems, testing and troubleshooting are
in progress. For larger projects that require more floor space, furniture within the cubicles
can be rearranged to accommodate this requirement.

JURP p2IMF 7R u*DUBJIH
(Conceive, (Implement,
Design) Operate)

Operate

The final phase is usually the most intensive stage of the project where bulk of the work is on

the project hardware. Hence, each cubicle space is XVHG DV D 3JDUDJH™ ZLWK WK
rearranged. Students typically put in their last ditch effort to get the hardware operating;

applying final touches to fine tune, test and enhance the appearance of their deliverables.

$V WKH SURMHFW H[KLELWLRQ GDWH DSSURDFKHVY WKH 3HQJLC
KDYH WR PDNH zZzD\ IRU WKH 3H[KLELWLRQ" PRGH WR SWHSDUH IR
work on their hardware while conversions of cubicles were carried out concurrently.

To reduce the need for additional storage space to house dismantled cubicle elements, the
cubicle columns were reoriented and use as poster display boards. Similarly, the column
sideboards were collectively joined to form the central divider with the C-I-E Towers providing
the vertical support structure.
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IMPLEMENT
AND OPERATE

Workspace is being transformed WR 3([KLELW L

_/

Cubicles are

reoriented and used Central divider is formed by connecting
as poster display cubicle sideboards (red arrows) to the
boards C-I-E Towers (with green, blue and red

display lights)

3(;+,%,7,217 02'( # duBng SPINNOVEX

Projects are moved in and setup for Spinnovex
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CIE OPTION PROJECTS AT SPINNOVEX

Prof Matsuishi (KIT) MM/ EEE team (Interactive ~ MM / CLS team (Physio-

on the xD Bike Game-Bow & Arrow) Beans)
RM Simulator team was featured in the Channel News Guest of Honour-Dr Chew
Asia-Amazing Asia programme (CEO of Singapore Science

&HQWUH RQ WKH
6LPXODWRU ,,~

EDUCATIONAL THEORIES

The CIE Option modules were based on several educational theories, namely Constructivism,
Behaviourism and Problem based learning.

In constructivism, learners construct knowledge and meanings for themselves as they take in
foundation knowledge (PDD1 and PDD2). They learn through their own experiences, building
on their previous knowledge and using acquired experiences to solve new problems. The
mini projects introduced in PDD1 and PDD2 gradually builds up their skills level in managing
project work; starting with Conceive/Design in PDD1 and then Conceive/Design/Implement in
3" $OVR E\ LQFUHDVLQJ VWXGHQWVY DZDUHQHVV RI HQYLURC
cycle considerations, they began to appreciate that product design as an all encompassing
activity that needs to address not only functional requirements but also a host of other issues.

%HKDYLRXULVP RU pRSHUDQW FRQGLWLRQLQJY FKDUJHV WKDW I
that responses to and interacts with environment stimuli. This led to the creation of a
learning environment at iPC that best represents an industry scenario whilst working within
the given space constraints. HDYLQJ D SHUVRQDOLVHG SHQJLQHHULQJ GHYV
own identity gives each team the added motivation and team spirit to meet their project
challenges. By reinforcing what industry practises such as full-time project work, working
within time and budget constraint, multi-disciplinary collaborations, self resource-
funess« WKHVH LQHYLWDEO\ FRQGLWLRQ VWXGHQWYV WR XQGHUVW|

Proceedings of the 5th International CDIO Conference, Singapore Polytechnic, Singapore, June 7 - 10, 2009



In incorporating Constructivism and Behaviourism into Problem-based-learning and making
the process highly systematic (as in the CDIO approach), students are led through an
instructional process that better prepares them in dealing with open ended real life problems.
The mini projects in second year PDD1 and PDD2 prepares students for the final design-
build experience (capstone project) and provides them a process framework for handling
project work effectively.

$OVR WKH SHUYDVLYH XVH RI ,7 VXSSRUW V\VWHPV DW L3& FRQV
in leveraging on the latest technologies to enhance their learning. With these tools, students

are able to learn both in the physical sense and, of increasingly importance, the virtual sense

too.

7KH 3SHQHIURPJ GHVLJQ RIILémmphazided)dgion® Barrtihg through team work,
social interaction and cross disciplinary learning through collaborations with students across
the schools (MM, CLS and EEE). Students are therefore immersed in an environment that
promotes collaborative inquiry across disciplines and develops co-operation, effective
teamwork and mutual tolerance amongst team members. Such are the demands of the
industry and incorporating these elements into their training will better prepare them for their
working life.

CONCLUSIONS

From the results achieved by students in the CIE Option programme, it can be seen that
EXLOGLQJ XS VW XaHding prEjedld\Nreqit@y/ cdr€ul planning in the curriculum
and syllabi that will not only provide the NQRZOHGJH EXW DOVR WKH 3LQWHJUD
such knowledge towards solving real life problems. Using the systematic framework defined
in CDIO standards, students are immersed in active learning activities that exposed them to
MGHVEXQOGY VFHQDULRYV VWDUWLQJ IURP PLQL SURMHFWYVY WR W

Reinforcement between theory and practice has been the key emphasis in education
programmes at the KIT Yumekobo. The provision of facilities, workspaces, human resources
to support theory and practice is also equally important and these were planned into the CIE
Option right at the beginning.

7TKH &,( 2SW L@ fiMensk®© @roject over one semester also provides students a
training environment that closely resembles that of the industry. Reporting daily to the
Integrated Project Centre with biometric clock-in/out is a way of developing good work habits
and attitudes that are vital to team project work. To further enhance team bonding especially
when collaborating with students across schools, the programme starts them early in their
second year with their PDD1, PDD2 modules and mini projects. The social interactions and
team activities helps to build up trust and understanding between members and gave them
the confidence in ZRUNLQJ ZLWK pIDPLOLDU Y -MWddpofectS (@) idustry )RU DG
based projects involving EEE students), the EEE students are introduced to the team in
semester one i.e. one semester before the actual start of the full time project and this
arrangement had shown to be effective.

6 W X G Heedha¢ls on the CIE Option modules have been encouraging and their learning

outcomes have not gone unnoticed. The RM Simulator was loan to the Singapore Science
&HQWUH IRU WKH 36FLHQFH RI ) ([KLELWLRQ" WKH ODVVDJH
generated interest amongst industry partners. A number of project teams also received
commendations in gold, silver and bronze certificates for their project achievements.
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RACE IN SINGAPORE LAST SEPTEMBER

Poster boards on the RM
Front facade of the Singapore 6WXGHQWYV 32! Simulator
6FLHQFH &HQWUH Z site during setup
6FLHQFH RI ) "~ ([KL
banner

The CIE Option programme has come a long way since it took in the first batch of students in

DQG WKH EXLOGLQJ EORFNV WKDW PDNH Liftvea RidING® &',2 6 WL
(GXFDWLRQDO ORGHO ZLWK LQWHJUDWHG FXUULFXOXP DGDSW
adds up to the goal of providing a sound education and skills training that aim to meet the
needs of industries.
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EUR-ACE QUALITY AS SURANCE SYSTEMS
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ABSTRACT

In a CDIO programme, the CDIO syllabus, standards, and self-evaluation model constitute
the core components of the programme’s quality assurance system.

At the same time, CDIO programmes are also evaluated by national standards. A CDIO
programme needs a quality assurance system which also fulfils these national requirements,
and that is able to produce the evidence and documentation needed for a national evaluation
with minimal additional effort. Efficient execution of this task requires understanding of the
similarities and differences between the CDIO and national quality assurance systems.

In this paper, we consider the emerging European standards for accreditation of engineering
programmes, the EUR-ACE standards. We account for a comparison between the CDIO
syllabus and the EUR-ACE counterpart, the programme outcomes, and by the CDIO
standards and EUR-ACE accreditation criteria, identifying similarities and differences. A
discussion is conducted on the pros and cons of a rating scale-based system for continuous
improvement and a threshold-based accreditation model.

The paper concludes that:

x The CDIO syllabus reflects a more encompassing view of engineering than EUR-ACE’s,
by considering the full product/system/process lifecycle, including the implementing and
operating life phases. The proficiency levels of the CDIO and EUR-ACE are, however,
difficult to compare.

x The EUR-ACE accreditation requirements are extensive and include elements not
addressed in the CDIO framework, eg concerning financial resources and decision-
making. The CDIO standards provide “solutions” on how to work with about % of the
issues raised in a EUR-ACE accreditation.

x Four of the CDIO standards (4, 5, 7, and 8) define educational elements which are not
explicitly discussed in EUR-ACE accreditation requirements.

X An evaluation process based on a rating scale, such as the CDIO self-evaluation model,
is more useful for continuous improvement than a threshold value scale, such as used in
a EUR-ACE accreditation.

KEYWORDS

Quiality assurance, CDIO, EUR-ACE, Engineering education
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INTRODUCTION

CDIO, in a general sense, aims to raise the quality of the educational programs that apply
the concept. CDIO includes a number of components that can be classified as quality
assurance tools: In a CDIO programme, the CDIO syllabus, standards, and self-evaluation
model constitute the core components of the programme’s quality assurance (QA) system.

At the same time, CDIO programmes are also evaluated by national standards, for example
in accreditations such as the US ABET [1] system, or in evaluations such as conducted by
the Swedish National Agency for Higher Education [2]. A CDIO programme needs a quality
assurance system which also fulfils these national requirements, and that is able to produce
the evidence and documentation needed for a national accreditation/evaluation with minimal
additional effort. Efficient execution of this task requires understanding of the similarities and
differences between the CDIO and national quality assurance systems.

Earlier work has compared the CDIO syllabus with the ABET criteria, the UK-SPEC criteria
[3], and the Swedish engineering degree requirements [4]. A common finding is that the
CDIO syllabus states more encompassing and detailed learning outcomes for engineering
education. The CDIO standards and the associated self-evaluation model have been used as
part of a Swedish national evaluation of engineering degree programmes, demonstrating that
they can be applied for systematic comparisons of key issues across a large number of
programmes [5, 6].

The mentioned quality standards are all national. In this paper, we are considering an
international quality assurance framework standard, namely the emerging European
framework standards for accreditation of engineering programmes, the EUR-ACE standards
[7]. These standards have been developed as a part of the Bologna process, and can be
expected to be of growing importance in the future, at least in the European context. We are
also investigating the documentation required for accreditation with that produced by a CDIO
quality assurance system, and discuss the principal differences between accreditation-based
quality assurance system and rating scale-based quality assurance systems.

The objectives of this paper are to:

x Clarify the similarities and differences between a CDIO and a EUR-ACE-based quality
assurance system.

Identify the strengths and weaknesses of each model.

Identify future development routes for both the CDIO and EUR-ACE quality assurance
systems.

The results will inform CDIO programmes on how to relate to EUR-ACE and on how to plan
for an accreditation.

The remainder of the paper is structured as follows. In the next section we review the CDIO
quality assurance system, focusing on the CDIO syllabus, standards and associated self-
evaluation model. A similar review is then presented for the EUR-ACE framework. This is
followed by a comparison and discussion. Finally, conclusions are listed.

THE CDIO QUALITY ASSURANCE SYSTEM
Improving educational quality is a fundamental goal for CDIO. CDIO standard five states that
a CDIO programme should have a system that evaluates the programme against the CDIO

standards, and provides feedback to students, faculty, and other stakeholders for the
purposes of continuous improvement [3].
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Table 1
CDIO syllabus at second level of detail [3].

1 Technical Knowledge and Reasoning 3 Interpersonal Skills and Attributes:
1.1 Knowledge of underlying science Teamwork and Communication
1.2 Core engineering fundamental 3.1 Multi-disciplinary teamwork
knowledge 3.2 Communications
1.3 Advanced engineering fundamental 3.3 Communications in foreign languages
knowledge
2 Personal and Professional Skills 4 Conceiving, Designing, Implementing
and Attributes and Operating Systems in the
2.1 Engineering reasoning and problem Enterprise and Societal Context
solving 4.1 External and societal context
2.2 Experimentation and knowledge 4.2 Enterprise and business context
discovery 4.3 Conceiving and engineering systems
2.4 System thinking 4.4 Designing
25 Personal skills and attributes 4.5 Implementing
2.6 Professional skills and attributess 4.6 Operating

The standard further suggests that multiple methods should be used to evaluate the
programme, including course evaluations, instructor reflections, entry and exit interviews,
reports of external reviewers, and follow-up studies with graduates and employers. However,
three components can be said to constitute the core of the quality assurance system of a
CDIO programme:

x The use of CDIO syllabus to define the programme’s goals, ie WHAT the programme
aims to achieve.

x The use of the CDIO standards as a guideline when designing and operating the
programme, ie HOW the programme goals are achieved.

x The use of the CDIO self-evaluation to measure the programme’s progress towards
fulfilling the CDIO standards, ie HOW WELL is the programme performing.

The CDIO Syllabus

The CDIO syllabus is a comprehensive list of engineering education learning outcomes. It
was developed through a systematic process including comparison with reference models
such as the ABET criteria, peer reviews, workshops and surveys [6]. It serves as a basis for
developing a programme goal statement. It is intentionally limited to non-discipline-specific
learning outcomes such as experimentation, communication and designing. The programme
itself must complement these with discipline-specific subject matter learning outcomes, for
example in thermodynamics. Moreover, the CDIO syllabus only lists topics. It is up to the
programme, in consultation with its stakeholders, to establish suitable levels of proficiency for
each of the topics in order to develop proper learning outcomes. Table 1 shows the CDIO
syllabus at the second level of detail. The complete syllabus is very comprehensive and
detailed, with 3-4 additional levels and in total lists more than 400 topics.

The CDIO Standards

In order to meet the goals stated by the help of the CDIO syllabus, the design of a CDIO
programme is guided by the CDIO standards, a set of twelve principles that characterizes
this educational model as well as general good practice in education [3]. The CDIO
standards were developed in response to the request from programme stakeholders to be
able to recognize CDIO programs and their graduates. The standards serve as guidelines for
educational program reform and evaluation, create benchmarks and goals with worldwide
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Table 2
The CDIO Standards [3].

CDIO STANDARD

1 |CDIO as Context 7 |ntegrated Learning Experiences
Adoption of the principle that product, process, and Integrated learning experiences that lead to the acquisition
system lifecycle development and of disciplinary know ledge, as w ell as personal and
deployment—Conceiving-Designing-Implementing- interpersonal skills; and product, process, and system
Operating—are the context for engineering education. building skills.

2 |CDIO Syllabus Outcomes 8 Active Learning
Specific, detailed learning outcomes for personal and Teaching and learning based on active and experiential
interpersonal skills; and product, process, and system- learning methods.
building skills, consistent w ith program goals and
validated by program stakeholders.

3 |Integrated Curriculum 9 HBphhancement of Faculty CDIO Skills
A curriculum designed w ith mutually supporting Actions that enhance faculty competence in personal and
disciplinary subjects, with an explicit plan to integrate interpersonal skills; and product, process, and system
personal and interpersonal skills; and product, process, building skills.
and system building skills.

4 |Introduction to Engineering 10 Ephancement of Faculty Teaching Sk ills
An introductory course that provides the framew ork for Actions that enhance faculty competence in providing
engineering practice in product, process, and system integrated learning experiences, in using active
building, and introduces essential personal and experiential learning methods, and in assessment.
interpersonal skills.

5 [Design-Implement Experiences L1 dDIO Skills A ssessment
A curriculum that includes tw o or more design-implement Assessment of student learning in personal and
experiences, including one at a basic level and one at an interpersonal skills; and product, process, and system
advanced level. building skills, as w ell as in disciplinary know ledge.

6 |CDIO Workspaces 12 [DIO Program Evaluation
Workspaces and laboratories that support and encourage A systemthat evaluates programs against these
hands-on learning of product, process, and system standards, and provides feedback to students, faculty,
building, as w ell as disciplinary know ledge and social and other stakeholders for the purposes of continuous
learning. improvement.

application, and provide a framework for continuous improvement. The standards address
program philosophy, curriculum development, design-build experiences and workspaces,
new methods of teaching and learning, faculty development, and assessment and
evaluation. Table 2 lists the CDIO standards.

The CDIO self-evaluation model

The determination of a program’s progress towards fulfilment of the CDIO standards is
accomplished through self-evaluation. The fulfilment of each standard is measured by a five-
level scale, which is used to rate the progress towards the planning, implementation and
adoption of each CDIO standard. The rubrics of the five-level scale are stated in Figure 1
(left). The scale ranges from “initial program-level plan or pilot implementation” to “complete
and adopted program-level and comprehensive implementation of the plan at the course or
program levels, with continuous improvement processes in place”, and thus provide a step-
by-step guide for programme evolution. Self-evaluation using the 12 CDIO standards and the
five-level rating scale provides a tool for the monitoring of improvements via a series of
evaluations where overall program improvement can be made visualized. See Figure 1.

The CDIO quality assurance components can then be included in a CDIO programme’s
quality assurance system, which should also include other components, such as course
evaluation tools and student achievement follow-ups. As an example, Figure 2 shows the
quality assurance system of Chalmers University of Technology’s Mechanical engineering
programme [9]. The quality assurance system is organized around a plan-do-check-act cycle
with the CDIO components in relevant phases.
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No initial program-level plan or pilot

0 | implementation
Initial program-level plan and pilot

1 implementation at the course or program
levels

Well-developed program-level plan and
2 prototype implementation at the course
or program levels

Complete and adopted program-level
3 implementation of the plan at the course
or program level under way

Complete and adopted program-level
and comprehensive implementation of
4 the plan at the course or program levels,
with continuous improvement processes
in place

Figure 1. CDIO standards self-evaluation rating scale and chart
showing improvement during a three-year period.

Figure 2. Example of quality loop in CDIO programme. Adapted from [9].
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THE EUR-ACE QUALITY ASSURANCE SYSTEM

The Bologna process has in the European Higher Education Area (EHEA) resulted in a
common qualifications framework comprising the 1% (bachelor), 2™ (master) and 3™ (doctor)
degree cycles. Components of the framework include the EQF qualifications [10] and the
ECTS credit system. European standards for internal and external quality assurance are
proposed [11].

The EQF qualifications framework relies on stated learning outcomes that are rather general
and applicable across all university education sectors. In order to effectively guide education
design and accreditation processes for specific fields, more detailed learning outcomes need
to be defined. As a result, “sectoral EQFs” are emerging. The sectoral EQFs have the aim of
developing the high-level EQF characteristics into detailed learning outcomes that should
characterize specific professional degrees. In the field of engineering, the EUR-ACE
framework standards [7] are taking this role.

The EUR-ACE standards comprise three main parts:

X A set of programme outcomes for 1% and 2™ cycle engineering degrees.
X Guidelines for programme assessment and accreditation.
X A procedure for programme assessment and accreditation.

The EUR-ACE programme outcomes

The EUR-ACE programme outcomes describe the capabilities required of graduates from 1%
and 2" cycle engineering degree programmes. They can thus be viewed as the “syllabus” of
the EUR-ACE. We will use the term the EUR-ACE syllabus in the following. The EUR-ACE
syllabus is structured in six main categories: Knowledge and understanding, Engineering
analysis, Engineering design, Investigations, Engineering practice and Transferable skills.

The EUR-ACE syllabus for 1% cycle degrees is shown in Table 3. The 2™ cycle version both
adds progression with respect to the 1% cycle outcomes, and adds some additional
outcomes, for example “Work and communicate effectively in national and international
contexts”. The outcomes are not numbered in the original document; we have done so here
in order to facilitate the comparison presented in the next section.

EUR-ACE guidelines for programme assessment

The second part of the EUR-ACE standards is the guidelines for programme assessment
and accreditation. It is stated that a programme that seeks accreditation should have in
place:

x Programme educational objectives consistent with the mission of the Higher Education
Institution and the needs of all interested parties (such as students, industry, engineering
associations, etc.) and programme outcomes consistent with the programme educational
objectives and the programme outcomes for accreditation.

X A curriculum and related processes which ensure achievement of the programme
outcomes.

x Academic and support staff, facilities, financial resources etc adequate to accomplish the
programme outcomes.

X Appropriate forms of assessment which attest the achievement of the programme
outcomes.

X A management system able to ensure the systematic achievement of the programme
outcomes and the continual improvement of the programme.
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Table 3
EUR-ACE programme outcomes - the “EUR-ACE syllabus”.

1 Knowledge and Understanding

1.1 Knowledge and understanding of the scientific and mathematical principles underlying their
branch of engineering

1.2 A systematic understanding of the key aspects and concepts of their branch of engineering

1.3 Coherent knowledge of their branch of engineering including some at the forefront of the branch

2 Engineering Analysis

2.1 The ability to apply their knowledge and understanding to identify, formulate and solve
engineering problems using established methods

2.2 The ability to apply their knowledge and understanding to analyse engineering products,
processes and methods

2.3 The ability to select and apply relevant analytic and modelling methods

3 Engineering Design
3.1 The ability to apply their knowledge and understanding to develop and realise designs to meet
defined and specified requirements

3.2 An understanding of design methodologies, and an ability to use them

4 Investigations

4.1 The ability to conduct searches of literature, and to use data bases and other sources of
information
4.2 The ability to design and conduct appropriate experiments, interpret the data and draw

4.3 Workshbp and laboratory skills

5 Engineering Practice

5.1 The ability to select and use appropriate equipment, tools and methods
5.2 The ability to combine theory and practice to solve engineering problems
5.3 An understanding of applicable techniques and methods, and of their limitations
5.4 An awareness of the non-technical implications of engineering practice
6 Transferable skills
6.1 Function effectively as an individual and as a member of a team
6.2 Use diverse methods to communicate effectively with the engineering community and with
society at large
6.3 Demonstrate awareness of the health, safety and legal issues and responsibilities of

engineering practice, the impact of engineering solutions in a societal and environmental
context, and commit to professional ethics, responsibilities and norms of engineering practice

6.4 Demonstrate an awareness of project management and business practices, such as risk and
change management, and understand their limitations
6.5 Recognise the need for, and have the ability to engage in independent, life-long learning

Accordingly, the guidelines for assessment and accreditation are divided into five main
sections: Needs, objectives and outcomes, Educational process, Resources and
partnerships, Assessment of the educational process and Management system. For each of
these sections, criteria, requirements and related evidence that should be included in the
accreditation documentation are identified.

Table 4 shows the main guideline sections, criteria and requirements. The lists of evidence
required for accreditation numbers circa 30 items, including needs identified for all
stakeholder [1.1], curriculum [2.1] and number and competence of staff [3.1]. Due to spatial
constraints, the full list of evidence is not included here. However, it can be argued that the
documentation required for accreditation is comprehensive.
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Table 4

EUR-ACE accreditation guideline sections, criteria and requirements.

Guidelines for
Accreditation

Criteria to be assessed

Requirements

1. Needs, Objectives
and Outcomes

1.1 Needs of the
Interested Parties

Have the needs of the interested parties (such as students, industry,
engineering associations, etc.) been identified?

1.2 Educational
Objectives

Are the programme educational objectives consistent with the mission of
the Higher Education Institution (HEI) and with the needs of the
interested parties (such as students, industry, engineering associations,
etc.)?

1.3 Programme

Do the programme outcomes cover the programme outcomes, for

Outcomes accreditation (cf. Section 1)?
Are the programme outcomes consistent with the programme
educational objectives?
2. Educational 2.1 Planning Does the curriculum ensure the achievement of the programme
Process outcomes?
2.2 Delivery Is teaching delivered according to planning?
Are counselling and support-workload offered to the students adequate
to promote the achievement of the modules’ specific learning outcomes?
2.3 Learning Have examinations, projects and other assessment methods, been
Assessment designed to evaluate the extent to which students can demonstrate

achievement of the learning outcomes of single modules and
programme outcomes respectively throughout the programme and at its
conclusion?

3. Resources and
Partnerships

3.1 Academic and

Is the academic staff adequate to accomplish the programme

Support Staff outcomes?
Is the technical and administrative support staff adequate to accomplish
the programme outcomes?

3.2 Facilities Are the classrooms adequate to accomplish the programme outcomes?

Are the computing facilities adequate to accomplish the programme
outcomes?

Are the laboratories, workshops and associated equipment adequate to
accomplish the programme outcomes?

Are the libraries and associated equipment and services adequate to
accomplish programme outcomes?

3.3 Financial Resources

Are the financial resources adequate to accomplish the programme
outcomes?

3.4 Partnerships

Do the partnerships the HEI and the programme are participating in
contribute to accomplish the programme outcomes and facilitate the
mobility of the students?

4. Assessment of
Educational Process

4.1 Students

Do the students enrolled in the programme have the right
knowledge and attitudes to achieve the programme outcomes in the
expected time?

Do the results related to the students’ career attest the achievement of
the programme outcomes in the expected time?

4.2 Graduates

Do graduates enter an occupation corresponding to their qualification?

Do stakeholders (graduates, employers, etc.) confirm the
achievement of the programme’s educational objectives?

5. Management
System

5.1 Organisation and
decision-making
processes

Are HEI's and programme’s organisation and decision-making processes
adequate to accomplish the programme outcomes?

5.2 Quality Assurance
System

Are HEI's and programme’s Quality Assurance Systems effective to
ensure the achievement of the programme outcomes?

Are the delivery process’, students’ and graduates’ results analysed and
used to promote continual improvement of the programme?

Are needs, objectives and outcomes, educational process, resources
and partnerships, management system periodically re-examined?
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EUR-ACE procedure for programme assessment and accreditation

The first step of the EUR-ACE accreditation process is the preparation of a self-assessment
report according to the requirements listed in the previous section.

The report is examined by an accreditation team in preparation for a site visit at the
university. The site visit should include meetings with the university management, academic
and support staff members, current and former students, and employers; visits to facilities
(libraries, laboratories, etc.); and review of project work, final papers etc. At the end of the
site visit, feedback from the accreditation team is presented.

The accreditation team then writes a report. The fulfilment of each individual requirement is
assessed, using a scale with at least the following three levels: Acceptable; Acceptable with
prescriptions; Unacceptable. The overall achievement of the requirements is also evaluated
using a scale with at least three levels: Accredited without reservation; Accredited with
prescriptions; Not accredited. The university has the opportunity to check the report for
factual errors.

The final accreditation decision is taken by an accreditation institution, and may be valid for
up to six years. After that time, re-accreditation is required.

COMPARISON

This section presents a comparison of the CDIO and EUR-ACE quality assurance system
components. We start by contrasting the programme goals of each approach — the CDIO and
EUR-ACE syllabi. We then discuss how the standards of CDIO related are to the
accreditation requirements of EUR-ACE. Finally, we seek to identify advantages and
disadvantages of a rating-based quality assurance approach like that of CDIO with a
threshold-based one, such as EUR-ACE’s.

The CDIO syllabus vs. the EUR-ACE syllabus

The relationships between the CDIO and EUR-ACE syllabi are mapped in Table 5. In this
table, the 2" cycle version of the EUR-ACE syllabus is used as it includes a few additional
outcomes as compared to the 1% cycle one.

However, prior to scrutinizing the table, we note that the EUR-ACE standard lacks a “portal”
statement of what engineers do, comparable to CDIO’s “Engineers Conceive-Design-
Implement-Operate complex systems in a modern, team-based environment”. The EUR-ACE
documentation states the term “engineer” has been avoided because of the confusion that
could arise from its widely different interpretations within Europe, including specific regulatory
meanings in some countries [7]. However, through the main headings of the EUR-ACE
syllabus, we observe that the “EUR-ACE engineer’ seems to be primarily focused on
Analysis-Design-Investigation, essentially the Conceive and Design phases in CDIO. By
contrast, a “CDIO engineer” should also be able to Implement and Operate, to be able work
throughout the full product/system/process lifecycle.

These differences are also visible in Table 5, where all EUR-ACE items have CDIO
correspondents, while the CDIO syllabus categories 4.5 (Implementing) and 4.6 (Operating)
lack EUR-ACE counterparts.
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Table 5
EUR-ACE syllabus items vs. the CDIO syllabus.

EURACE
syllabus,

2ndcycle 11| 12| 13| 21| 22 23 24 28 31 3p 3B 41 42 43 44 hs he
1.1 X
1.2 X
1.3 X
1.4 X
2.1
2.2
2.3
2.4 X
3.1
3.2 X
3.3 X
4.1
4.2
4.3
4.4
5.1
5.2
5.3
54 X X
6.1 X
6.2 X
6.3 X X
6.4 X
6.5 X
6.6 X X

CDIGsyllabuslevel x.x

x

X XXX

XXX [ |><]x
XXX [ |><|*<

X XXX

XXX
XX |x[>
XXX
X

It should also be noted that there are significant differences between 1% and 2" cycle goals
in the EUR-ACE syllabus. If the analysis is limited to the 1% cycle EUR-ACE requirements,
more differences can be observed. For this cycle, the EUR-ACE syllabus also lacks
correspondents to 2.3 (Systems thinking), 3.3 (Communication in foreign languages) and 4.3
(Conceiving).

A principal difference between the EUR-ACE and CDIO syllabi is that proficiency levels are
“given” in the EUR-ACE syllabus, whilst they should be developed by a CDIO programme by
surveying its stakeholders. Comparing proficiency levels is complicated by the one-to-many
relationships between some syllabi items. Nevertheless, some comparisons can be made by
translating EUR-ACE syllabi items to the MIT activity based proficiency scale [8] and
comparing them with data from CDIO syllabus surveys. The MIT scale was developed for the
first CDIO syllabus survey and provides a proficiency taxonomy with five levels (Table 6):

Table 6
MIT activity-based proficiency scale.

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

gl | WO DN| R

To be able to lead or innovate in
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Table 7
Comparisons of proficiency levels (PL) in EUR-ACE,
in a Swedish CDIO syllabus survey, and in the Swedish degree ordinance.

CDIO syllabus EUR-ACE Swedish survey Swedish degree ordinance
item Text PL Text PL Text

25 Commit to professional ethics, Able to Demonstrate aw areness of

- responsibilities and norms of 2 | participate/able | 2.6 |ethical aspects of research
Professional  |engineering practice to explain and development w ork
skills
Function effectively as leader
31 y Skilled in the Engage in teamw ork and
of ateamthat may be . L
. 5 practice of 3.9 |cooperation in groups of 4
composed of different teamw ork varying composition;
Teamwork [disciplines and levels ying comp ’

3.2 Work and communicate lee to o/ Clearly present and discuss
effectively in national and 4 uE’Ilecrjs'tanh 3.6 their conelusions ... orally and 4
intern;\t/iorilall contlexts rac _'”t fe I writing, in national and

Communication ' practlge 0, international contexts
communication

We can then compare the proficiency levels for three EUR-ACE syllabus items which have
single CDIO syllabus item correspondents, with data from a survey of Swedish industry
leaders on their expectations on graduates [12]. The related statements from the Swedish
degree ordinance for the MScEng degree are introduced as a benchmark [13]. See Table 7.

It is apparent from Table 7 that the stated proficiency levels vary. EUR-ACE states a
significantly higher goal for team leadership capabilities (3.1 Teamwork). However, it can be
questioned if it is a realistic goal for all recent graduates from a 2" cycle engineering
programme to have this capability. For 3.2 Communication, the desired proficiency levels are
reasonably similar. For 2.5 Professional skills, the spread is the largest.

The major differences between the EUR-ACE and CDIO syllabus are similar to those
between the CDIO syllabus and the ABET criteria [8] and between the CDIO syllabus and
the Swedish engineering [4]. However, the somewhat higher level of detail of the EUR-ACE
syllabus as compare with the two other syllabi (25 items vs. 10 and 12, respectively) results
in a simpler mapping. There are more one-to-one or one-to-few relationships in the EUR-
ACE-CDIO table. This should facilitate the application of the EUR-ACE as a tool in
educational development. However, the CDIO syllabus has 3-4 additional levels of detail,
supporting programme-level as well as course-level educational development.

The CDIO standards vs. the EUR-ACE requirements for accreditation

Now let us consider the relationship between the CDIO standards and the EUR-ACE
requirements for accreditation. The EUR-ACE accreditation standards/criteria are “Whats”, ie
they state what should be achieved but not how, it is up to the accredited university to devise
solutions. The CDIO standards are “Hows”.

Table 8 shows that CDIO standards address of 18 out of 24 EUR-ACE requirements. Criteria
that lack corresponding CDIO standard include teacher and support staff availability,
entrance requirements, organization, financial resources, throughput time and partnerships.
On the next level, the EUR-ACE standards identify about 30 evidentiary items that should be
part of the accreditation self-assessment package. About 2/3 of these can be directly
addressed through CDIO materials. However, the EUR-ACE accreditation criteria also
require many specific documentary evidence which are not CDIO-specific, including
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Table 8

EUR-ACE accreditation criteria vs. CDIO standards

Guidelines for
Accreditation

Criteria to be assessed

Requirements

CDIO Std

1. Needs, Objectives
and Outcomes

1.1 Needs of the
Interested Parties

Have the needs of the interested parties (such as students, industry,
engineering associations, etc.) been identified?

1,2

1.2 Educational
Objectives

Are the programme educational objectives consistent with the mission of
the Higher Education Institution (HEI) and with the needs of the
interested parties (such as students, industry, engineering associations,
etc.)?

1.3 Programme
QOutcomes

Do the programme outcomes cover the programme outcomes, for
accreditation (cf. Section 1)?

Are the programme outcomes consistent with the programme
educational objectives?

2. Educational
Process

2.1 Planning

Does the curriculum ensure the achievement of the programme
outcomes?

2.2 Delivery

Is teaching delivered according to planning?

12

Are counselling and support-workload offered to the students adequate
to promote the achievement of the modules’ specific learning outcomes?

2.3 Learning
Assessment

Have examinations, projects and other assessment methods, been
designed to evaluate the extent to which students can demonstrate
achievement of the learning outcomes of single modules and
programme outcomes respectively throughout the programme and at its
conclusion?

11

3. Resources and
Partnerships

3.1 Academic and
Support Staff

Is the academic staff adequate to accomplish the programme
outcomes?

9,10

Is the technical and administrative support staff adequate to accomplish
the programme outcomes?

9,10

3.2 Facilities

Are the classrooms adequate to accomplish the programme outcomes?

Are the computing facilities adequate to accomplish the programme
outcomes?

Are the laboratories, workshops and associated equipment adequate to
accomplish the programme outcomes?

Are the libraries and associated equipment and services adequate to
accomplish programme outcomes?

3.3 Financial Resources

Are the financial resources adequate to accomplish the programme
outcomes?

3.4 Partnerships

Do the partnerships the HEI and the programme are participating in
contribute to accomplish the programme outcomes and facilitate the
mobility of the students?

4. Assessment of
Educational Process

4.1 Students

Do the students enrolled in the programme have the right
knowledge and attitudes to achieve the programme outcomes in the
expected time?

Do the results related to the students’ career attest the achievement of
the programme outcomes in the expected time?

4.2 Graduates

Do graduates enter an occupation corresponding to their qualification?

12

Do stakeholders (graduates, employers, etc.) confirm the
achievement of the programme’s educational objectives?

12

5. Management
System

5.1 Organisation and
decision-making
processes

Are HEI's and programme’s organisation and decision-making processes
adequate to accomplish the programme outcomes?

5.2 Quality Assurance
System

Are HEI's and programme’s Quality Assurance Systems effective to
ensure the achievement of the programme outcomes?

12

Are the delivery process’, students’ and graduates’ results analysed and
used to promote continual improvement of the programme?

12

Are needs, objectives and outcomes, educational process, resources
and partnerships, management system periodically re-examined?

12
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examples of final projects, examination papers, budget, research merits and so on. Preparing
for a EUR-ACE accreditation is a comprehensive activity. However, a programme that carries
out a CDIO introduction will have worked through a majority of the issues raised in the
accreditation process.

Some CDIO standards do not appear in Table 8; this applies to CDIO standards 4, 5, 7 and
8. These standards refer to CDIO-specific curricular elements (introductory courses, design-
implement-experiences) and pedagogical approaches (integrated and active learning). These
elements are essential for the quality of a CDIO programme. However, it is not evident how
these elements will be valued in a EUR-ACE accreditation.

The CDIO self-evaluation model vs. the EUR-ACE accreditation process

Finally, let us consider the two models from a quality assurance process perspective. The
key differences between the models are summarized in Table 9.

A CDIO self-evaluation is typically performed internally. However, the external view of an
accrediting team may be more critical and provide more reference to educational practices at
other universities. The external and compulsory nature of an accreditation may also give a
stronger sense of urgency for change needs identified in the self-assessment step or pointed
out by the accreditation team: Someone from the outside is requiring us to make these
changes. An internal, voluntary evaluation such as a CDIO self-evaluation based one may
also be slower in accommodating emerging external goals.

An evaluation towards a rating scale, such as the CDIO self-evaluation model, is more
suitable for continuous improvement: It is a recurring activity, and it provides for target-setting
and follow-up of multi-year improvement projects, whereas a threshold-based evaluation
such as a EUR-ACE accreditation does not provide the university with any direction for future
development, beyond fulfilling the requirements. A CDIO self-evaluation, with its more limited
information requirements, is possible to update annually, whilst an accreditation typically
takes place with six-year internals. The CDIO self-evaluation model also supports follow-up
of “How” educational elements (introductory course, integrated learning etc) which are not
considered in the EUR-ACE requirements, which are stated in “What” terms, and refrains
from prescribing specific curricular elements (except for “projects”) and pedagogical
approaches.

A possible future development direction for the EUR-ACE standards is to incorporate some
rating-scale elements, enabling systematic comparisons between different engineering
programmes, and guiding continuous improvement beyond the threshold value. The
feasibility of inclusion of such components has been demonstrated by the Swedish national
agency for higher education [2]. If the trend towards ranking-oriented evaluations continues,
a CDIO standards-based self evaluation can be an important part of the evaluation package.
The EUR-ACE standards could also refine the requirement for a quality assurance system, to
state that a system with a proven support for continuous improvement is required.

One possible future development of the CDIO self-evaluation model includes encouraging a
stronger external element in the evaluation, perhaps by inviting external evaluators, or by
conducting bilateral university evaluations. An external view could bring in new perspectives
and contribute to raise the quality and completeness of the (self-) evaluation data. Another
development is to encourage universities to customize the CDIO self-evaluation model, for
instance by including measurements and goals for student retention in the same follow-up.
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Table 9

Comparison between CDIO self-evaluation process and EUR-ACE accreditation process

CDIO self-evaluation BEUR-ACE accreditation

Internal evaluators External accreditation team
Internal goals External goals

Voluntary Compulsory

Evaluation with respect to rating scale Threshold

Yearly Six-year intervals

Limited amount of data Comprehensive amount of data

CONCLUSIONS

The paper compares the elements of a CDIO quality assurance system with those of EUR-
ACE. We conclude that:

X

The CDIO syllabus reflects a more encompassing view of engineering than EUR-ACE'’s,
by considering the full product/system/process lifecycle, including the implementing and
operating life phases. The proficiency levels of the CDIO and EUR-ACE are, however,
difficult to compare.

The EUR-ACE accreditation requirements are extensive and include elements not
addressed in the CDIO framework, eg concerning financial resources and decision-
making. The CDIO standards provide “solutions” on how to work with about % of the
issues raised in a EUR-ACE accreditation.

Four of the CDIO standards (4, 5, 7, and 8) define educational elements which are not
explicitly discussed in EUR-ACE accreditation requirements.

An evaluation process based on a rating scale, such as the CDIO self-evaluation model,
is more useful for guiding a continuous improvement process than a threshold value
scale, such as used in a EUR-ACE accreditation.
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ABSTRACT

This paper introduces a new type of English presentation course that emphasizes project
work and internet technology. The course model discussed here was conducted at the
DXWKRUVYT LQVWLWXWLRQ GXULQJ WKH -mBnEhB. G e Pptireipléd DU R Y H L
EHKLQG WKH SURMHFW zZDV (/'3 ZKLFK VWD Q@G VUIHRRW?3 (3QUIFOG. X KWF
DQG LW LV EDVHG RQ WZR WKHPHV 3FUHDWLRQ™ DQG 3SXEOLF
SURMHFWY{V WDUJHW O D (déxtDcrehtedbspdicast rdvi€ Or\vodcaEt, which
could be shared with others. The ELDP module was conducted during the second term of a
yearlong course, in which the first term was devoted to more traditional PowerPoint
presentations that stressed public speaking skills, visual aids, and question-and-answer
sessions. Under the ELDP project, students not only used English to create educational
videos, they also had to acquire non-linguistic skills, such as uploading video to a server,
downloading mobile content, and becoming familiar with the learning management system
(LMS). While such a project can be demanding, the purpose-driven, real-world nature of the
task can be motivating for students. It will be concluded in this paper that the concept of
treation " and its beneficial effects extends beyond engineering, and is applicable to the
broader field of English education as well. For example, the vodcasting project mentioned in
this paper could provide a platform for both English learners and educators to introduce and
promote their communities, countries and cultures to the world at large.

KEYWORDS

ICT, Podcasting, Presentation Class, ELDP

1. BACKGROUNDS

Let us start by introducing of the National College of Technology in Japan, where this
paper's authors are currently employed. In 1961, the Ministry of Education of Japan
LQFRUSRUDWHG WKH QDW bRy {tMndfae® astkddeV inRIapsviesE)Kirfo a
system of five-year higher educational institutions to meet the strong demand from industry
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against a background of rapid economic growth. Our institution provides five years of
integrated continuous professional education and accepts students with a junior high school
diploma. Figure 1 shows the Japanese educational system in more detail.

(1) Students enter a college of technology after
graduating from junior high school.

(2) High school graduates are qualified to transfer to a
college of technology.

(3) College of technology graduates are qualified to
transfer to a university.

(4) College of technology graduates are qualified to
advance to a specialized course at a college of
technology.

(5)Students who have obtained a bachelor's de gree by
completing a specialized course at a college of
technology are qualified to enter a graduate school.

Figure 1. Outline of School System in Japan
(http://lwww.kosen-k.go.jp/english/outline3.html)

1.1 English Education a t the National College of Technology in Japan

JABEE (Japan Accreditation Board for Engineering Education) is an organization which
evaluates and accredits the engineering education programs of universities and most of the
kosen in Japan. The educational program of Oyama National College of Technology was
authorized by JABEE in 2005.

According to the standard provided by JABEE, kosen students must score a 400 or higher
on the TOEIC (Test of English for International Communication) Test before graduating from
a two-year specialized course. At Oyama Kosen, we require that students must score over
350 on the TOEIC by the end of their 5th year in order to acquire credit towards certain
English classes. The average score of the 178 students who took the TOEIC Institutional
Program Test as their term exam on Aug. 4, 2008, was 386.5 (Max: 995, Min: 175).

Since many students entering kosen similar to ours come directly from junior high school,
the initial level of their practical English ability is usually lower than those students entering
after high school. Thus, it is essential to offer an opportunity for students to learn both the
fundamentals of English usage, as well as practical English applications in the real world.

1.2 English Presentation as a National Policy

A strategy for educating "Japanese people who can use English" was announced in 2003
by the Japanese Ministry of Education, and is composed of the following basic ideas: (i) the
introduction of English education at the primary level; (ii) developing skills, such as debating,
negotiating, discussing, etc., at the high school level; and finally, (iii) developing professional
communication skills, such as professional or academic presentation, in university or college.
However, there are a large number of arguments presented against this national policy. One
common criticism is, as in [1] in the references below, that it lacks a crucial vision for

OHDUQHUVY LOWHUQDO PRWLYDWLRQ LQ D OLQJXLVWLFDOO\ KR
Language (TEF/ = HQYLURQPHQW VXFK DV -DSDQ DQG DOVR WKDW W
WHUP 3SUDFWLFDO (QJOLVK DELOLW\" ZKLFK LV QRWHG LQ WKH

that improving practical English proficiency is totally implausible. Rather, it seems necessary
to come up with ideas that will motivate students to be independent learners and study

(QJOLVK FRQWLQXRXVO\ ,W LV RXU EHOLHI WKDW (/'3 DQG LW
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SDUWLFLSDWLRQ™ FRPSHQVDWH IRU WKHVdaté thotWdtienLéPV DQG
learners to use the target language.

1.3 English Class as 3Creation “and 3Public Participation

7KH SURMHFW GHVFULEHG LQ WKLV SDSHU SURPRWHYV 3FUHDW
evaluation. Since student-produced vodcasts are uploaded to the podcasting server in our
school, learners know that their work will be seen and judged by their peers. This forces
them to think carefully about the content of their vodcast and motivates them to produce
something that is worthwhile watching. In short, introducing these concepts into our English
syllabus encourages students to try harder in the TEFL classroom.

1.4 Utilizing ITC Tools and E -learning Systems

Since this project involves using various kinds of ICT tools, students need to be adept at
using them in order to achieve the project goals. Additionally, the class utilizes a learning
management system (LMS), web 2.0 technologies, such as podcasting, and other ICT tools,
like video cameras, voice recorders, and movie production software. The LMS in our school
was originally constructed for TOEIC practice, but now serves a dual purpose by allowing
students to work on their IT English projects outside of class (although the system is
restricted to onsite access). The class syllabus also includes computer literacy and software
tutorials. It therefore has become possible for both educators and students to take
advantage of the collaborative and social nature of web-based technologies in order to make
learning more meaningful and rewarding.

1.5 Relevance to CDIO Standards

&',2 VWDQGDUG VWDWHY WKH LPSRUWDQFH Rlodd @astice] UDWHG
or exercise. The project described in this paper requires students to use the English
language, while at the same time promoting both media and computer literacy, as mentioned
above. Learners are expected to not only display a good command of English in the given
situation, but also to know how to share their work with an audience using web 2.0
technologies and portable devices, such as the iPod and PSP (Play Station Portable). The
WKHPH RI WKLV \HDUYfV FODVV ZDV WR FUHDWH D YLGHR SUHVHC(
sightseeing spot near our school that would be appealing to foreign tourists and easily
recognizable. The project also involved receiving permission from city officials to use certain
images due to copyright and privacy issues. The class included people from other
universities, English teachers, and foreign students. Collaboration is an essential part of our
project. Details on its organization are given in chapter 2 below.

2. THE ELDP FRAMEWORK

(/'3 SURMHFW ZRUN RULJLQDWHV IURP WKH FRQFHSW WKDW
HQKDQFLQJ OHDUQHUYYV PRWLYDWLRQ ~ ,4p apdsityel &titude/andd\ IRU OH
to be motivated to use the target language. Creating a meaningful product in English leads to
confidence, a sense of achievement, and a further willingness and interest to use the
language. In Japan, the keyword monodukuri is often referredtR DV 3IXQGDPHQWDOV UHO
SURGXFWLRQ DQG FUHDWLYLW\ ~ 2XU ZRUN LV D FDVH VWXG\
education. The basic scheme of our understanding of monodukuri is illustrated in Figure 2,
which is an extended version of [2] in the references below:
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Figure 2 The Outline of Creativity Education

The three basic components are (1) E-learning, (2) Presentation, and (3) Creation. E-
learning activities include collecting class information and submitting homework through the
/06 DQG WR PDNH HIIHFWLYH XVH RI WKH SRGFDVWLQJ V\VWHP
field research, recording, editing, and uploading to the server.

Figure 3 The Outline of ELDP Framework

Since English teachers are sometimes not comfortable with information technology and
related devices and software, there are various support personnel in the ELDP organization
who help us with class management. The system is in accord with item 7 of the CDIO
standards, which calls for the involvement of industrial partners and other stakeholders in the
design of learning experiences. Our collaboration constituents are given in Figure 4 below.

Figure 4 The ELDP Organization
The project also contains an experimental study on information engineering and how the

podcasting system works according to the types of receiving devices and how reliably and
quickly audio files are transmitted to them. In order to prove its effectiveness, the author set
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up the heretofore mentioned theme of introducing a famous local spot to foreign tourists.
+RZHYHU WKXV IDU WKH H[SHULPHQW KDV QRW EHHQ FDUULHG
policy of restricting access to the main school server from outside the school. This is an

issue for further research.

3. SYLLABUS

Let us move on to a more detailed description of the class syllabus. As shown below, the
students will try two different kinds of presentations: PowerPoint presentation and video
presentation. The first kind of presentation is rather familiar to students; they have done at
least once for their graduation study. As a presentation for an English class, they must be
aware of posture, gestures, eye-contact, and visual aids in terms of English education.

Students naturally are unsure of the second type of presentation, since they have no prior
experience. One student told the author that he had never used a so-called video camera.
This is where group work helped, because it allowed students who do not like speaking
English to take the role of the teacher and instruct the student about video cameras.

At the conclusion of the 4-month course, students completed three PowerPoint
SUHVHQWDWLRQV DQG WZR YLGHR RQHV DOO RI ZKLFK ZHUH VL

syllabus is given in Figure 5 below.

week Class Plan Homework Class Activity
1 Guidance, Self Introduction Speech Preparing for self Self Introduction
introduction
2 Text Reading (Types of Presentation) Summary of the Show and Tell
Textbook Presentation
3 Text Reading (On Cellular Phone) Summary of the Show and Tell
Textbook Presentation
4 Text Reading (On Global Warming) Summary of the Quiz Activity
Textbook
5 On PowerPoint Presentation Summary on Quiz Activity
Organization
6 Preparation for Presentation Contest Prepare for one § Own Discussion with Native
Role Instructors
7 Preparation for Presentation Contest Prepare for one § Own Discussion with Native
Role Instructors
8 PPT Presentation Contest Prepare for one § Own Communication with
Role Judges
9 Guidance of Video Presentation, Media Literacy, | Bring Theme Grouping
Purpose, Collaboration
10 Description and Understanding of Nikko Devise an Organization | Group Discussion
(Sightseeing spot)
11 | Group Discussion, Planning for Field Research Devise a further Group Discussion
Organization
12 FIELD RESEARCH (Visiting Nikko) Prepare Video and Group Discussion
Recording Tools
13 Preparation for Video Presentation Contest, Prepare for one § Own Group Discussion
Software, Uploading Role
14 Preparation for Video Presentation Contest, Prepare for one § Own Group Discussion
Video Editing Role
15 | Video Presentation Contest Questionnaire, Brief Class Evaluation
Class Summary, Concluding Remarks Report

Figure 5 Syllabus
4. THE PODCASTING BLOG SYSTEM

Podcasting is the syndication of audio or video files using RSS (Really Simple Syndication).
We can listen to the contents of a feed using a reader or aggregator that supports podcasting,
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or we can listen to them on an iPod or similar device. We do not have to have an iPod to
listen to a podcast or watch a vodcast. Podcasts can be displayed on websites with clickable
links to audio files and many of the standard RSS readers have begun supporting audio
enclosures. Moreover, via wireless LAN, a variety of media formats can be sent to PSPs
(Play Station Portable produced by SONY) or PDAs (such as iPAQ of hp). PSP is a portable
machine originally created to enjoy video games, and many young people carry them in
Japan.

Podcasting uses RSS 2.0, an extended version of RSS. RSS 2.0 can specify an audio file,
VXFK DQ PS ZLWK DQ 3HQFORVXUH WDJ" LQ LWV ;0/ ILOH DOOR
new files whenever they are posted. The general scheme of podcasting is illustrated in
Figure 6 below.

Figure 6 Outline of the Podcasting System

Podcasting is based on the RSS technology widely used in blogs. Many popular open-
source blogging scripts, such as the one illustrated below, will automatically insert the
necessary podcasting enclosures into the RSS feed, making it easy to set up a podcast. The
blog format also makes it easy for a podcaster to write show notes about each video file (see
Figure 8)

Considering these things, the blog system adopted here is Wordpress ME, which is an
open-source system with a Japanese interface capable of running in an intranet environment.
Several different file types can be sent via RSS (see Figure 7).

kinds of extensions podcastable

sound mp3, mp4, m4a

movie Mp4, m4v,mov
Flv, avi, mpeg, asf, wmv

Figure 7 Types of Files

Figure 8 Top Page of Our Blog

The basic specifications of our podcasting server are as follows in Figure 9 illustrated below.
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CPU Intel Pentium 111 600MHz
RAM 768MB

HDD 20GB

os Fedora Core 5

HTTP Server Apache 2.0.34

PHP PHP 5.1.6

RDBMS MySQL 5.0.18

Blog System WordPress ME 2.0.9
WordPress Plugin PodPress 3.8

Figure 9 Hardware and Software

As an experiment, the author asked 40 students to download 4.0 MB mov files
simultaneously from the English class LL room. Although some students had to wait several
minutes, eventually all the machines were successful in fetching the files.

5. WHAT WAS GOING ON IN THE CLASS
5.1 Initial Motivation

Sixteen students attended the 2008 academic year class. Since this would be a new,
unfamiliar course that differed from the traditional grammar-oriented English classes that are
very common in Japanese colleges and universities, including our institution, students
seemed to be anxious. On a questionnaire at the end of the course, however, while half of
the students answered that there was some initial anxiety to speaking English in public, all of
them said that it had disappeared as the term passed and the presentations ended up being
a great experience.

5.2 English Proficiency

Students wrote scripts for their presentations, and because editing every script would have
been very time consuming for a single teacher, the author was fortunate to have had two
native speakers available to help. As an additional benefit, students seemed to try to
communicate with native instructors in English during the editing process. Some students
answered in the questionnaire that talking to a native speaker was really a good experience.

+RZHYHU LW PXVW EH VDLG W K Dh\theiwfddentoix @as Gawwiom
complete. Therefore, next year it will be necessary to provide students with more time to
prepare beforehand and consult with teachers. In particular, some students wished they
could have worked on their pronunciation more so their English would sound more fluent and
SEHDXWLIXO’

5.3 Questionnaire

In order to rate how satisfied the students were with the course, a questionnaire covering
the following points was given:

(1) What was the most enjoyable thing about each presentation?
(2) Write freely about what appealed to you (or did not) regarding the video presentation.

Figure 10 shows the PowerPoint presentation feedback. English composition, English
pronunciation, and standing in front of people were equally challenging things for most
students. Interestingly, however, working on PowerPoint seemed less stressful. Figure 11
displays the questionnaire data for the video presentation. Students reported that the field
research was an interesting part of video production process, and half of those surveyed
wish to collect materials outside of class if given another opportunity in the near future.
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Figure 10 On PowerPoint Presentation Figure 11 On Video Presentation

The questionnaire also contained open-ended feedback about the various course
components. One question was on what was the most interesting lecture given in the class.
In particular, many students seemed very pleased with a talk given by a guest native-English
teacher at a university located in our city on presentation manners and body language. The
points are summarized as follows:

d Speakers Body
Shoulders back / Open your feet/ /RRN DW WKHLU DXGLHQFHYV H\HV
d Speakers Voice
Loud enough for the person in the back / Pause between ideas / Use 4 voice types (low, high, soft, loud) /
Feel your face muscles
d Speak slowly and clearly Class Notes by a Student, Dec. 1, 2008

This feedback made the authors realize that students are more interested in basic
presentation skills than how to make use of ICT tools. Therefore, it is important for
instructors to keep in mind that no matter how popular and efficacious the information
technology might become in the future, students still want most to be able speak confidently
and effectively in front of others.

Lastly, the authors were pleased to learn that many students found the class very
interesting and enjoyable, in spite of its difficulty. When viewing all the videos during the last
class, students seemed somewhat embarrassed yet pleased with their work. They were also
surprised that everything worked successfully in the end and that they could view their
downloaded videRY RQ WKH DXWKR U.JWdBdedcs dpeyiBerBie®w in Figure 10,
where the picture on the left hand side is a record of PPT presentation and that on the right is
a video created by students. These videos are uploaded onto the podcasting server in our
institution.

Video is an effective tool for communication, different from books and traditional public
presentations, and can allow introverted students to be more direct and convey their feelings
easier, and offers alternative tasks and roles for students who are not good at speaking or
writing English.
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Figure 10 Two Types of Presentation (Viewed on QuickTime)

Figure 11 Movie Displayed on iPod (Left) and PSP (Right)

6. FUTURE PERSPECTIVES
6.1 Evaluation on This Project

As pointed out by the reviewer(s), the paper so far gives insufficient information on the
benefits to students flearning and intended learning outcomes through the class. More
should be said to evaluate whether the pedagogic approach met these more effectively than
traditional approaches. Since there has been no such class as video presentation, | have no
critical data on the evaluation comparing this project with the grammar-oriented traditional
approach. More precise questionnaire research on students fbenefit or intended learning
outcomes is necessary on the basis of larger numbers of students to clearly state that the
class suggested here is satisfactory to the students. This is what we are doing now on the
basis of students this year. As far as the students finterest is concerned, however, most
students answered in the questionnaire that their interest in English presentation was
enhanced after the class (See Figure 12 below). As stated above in this paper, motivating
students to try an English presentation is a crucial factor in a totally TEFL environment. One
of the outcomes and the benefits on the part of students is this £nhanced motivation “inside
the learners. In this sense, one goal can be said to have been achieved in this class.
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Figure 12 Students fnterest Before/After the Class

6.2 Some Implication s for the Future

Needless to say, the project detailed in this paper is under the preliminary stage and needs
to be improved in addition to the suggestions made by the reviewer(s) in the above section.
Conceptually, there are two types of problems that need to be solved: hardware (cost,
security policy, school system) and software (how to teach). The former problem is the most
challenging. To make headway in our e-learning strategy, the ELDP project server needs to
be accessible from the outside. One solution is to set up an outside dedicated server next
year, if time and money allow.

A very promising aspect of this project is that student video work can be used to promote
local communities. Podcasting is a powerful technology because it allows student-generated
media to be easily and cheaply distributed to portable devices. This means that foreign
tourists visiting a particular area might be able to subscribe to entertaining and educational
travel guides produced locally by students. In other words, visitors could learn about the area
not just through a typical guidebook, but from those who know the place best: the people
who live there. Motivating and empowering learners to use English to teach others about
their culture and community is a win-win situation for both the student and the visitor. In
conclusion, the ideal sketch of this project is given below:

Figure 13 One Future Image of the System
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ABSTRACT

In year 2005, College of Engineering at Shantou University adopted the CDIO Initiative.
Based on the CDIO education framework, a syllabus for Architecture Design “course that is
opened to sophomore has been drawn to replace the old one of Building Construction . The
CDIO competencies are incorporated into the course conduct. Except the classroom
teaching, as another important part, an assignment is reformed from previous individual
design-task to a teamwork-design. It is processed in a way of proposal *discussion +design
through both of teamwork and the class activities. When finds problem, amending design
after discussion are required till to reach the task § goal. The implementation process for this
reformed Design-Directed Course is stated in the paper first. And then, the changes that of
the new course transformed by CDIO approach are given. The impact of the practice to the
ability, knowledge and personality are analysed by looking at the students ffwork and
progress. After the first run of the course, the achievements and flaws of the course are
studied and the future improvements are proposed in this writing as well.

KEYWORDS
Civil Engineering, course transform, CDIO, Architectural Design,

INTRODUCTION

Since year 2008, a design-directed #Architectural Design” course for Civil Engineering
Program has been built to replace its predecessor of Building Construction . Cultivating
CDIO [1] competencies based undergraduate students is the main target of the course study.
This course was implemented by the 2006 intake class first. According to the ®Ability
interrelated EIP-CDIO Mode " [2] set by Shantou University, a new course syllabus which is
not only focused on the learning technical knowledge, but also IRU GHYHORSLQJ
personal and interpersonal competencies was issued to follow CDIO ideas.

COMPREHENSIVE COURSE TRANSFORM BY CDIO APPROCH
Changes
As a comparison between previous course of Building Construction “and the reformed one
of Architectural Design’ it can be seen in table 1 that significant changes on curriculum
objectives, teaching content and method, as well as the assessment standard are made after
the CDIO education framework introduced into the course.
Table 1
Comparison between the course that before and after be transformed

before after
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guide students to a) understand _the _functions of various
CO[.”S? understand the functions components of buildings; .
Objectives of various components 3) practice the process of whole architectural

- esign;
,([)r]: e bgggi'ggs magt'ﬁ o O:garor]l C) ngelop CDIO cor_npetencies with special
building construction aftentions on se_lf—learnlng, team-study and C-D-
I-O in social environment.

a) Knowledge, including | a) Basic knowledge of architecture and

Course prin_ciple of architecture, | construction desi_gn, civil projects with the social
basic knowledge of | and natural environment element and Energy-
design and civil | saving building design;

Contents construction ; b) An extension knowledge, series of
b) Construction design, | engineering problems that for the design with a
complete the plans, | special emphasize on the sustainable civil
elevations and details of | engineering.

a given building. c) Team-based architectural design project.

a) Basic knowledge part a) Basic knowledge part was accomplished _

was accomplished through the qlassroom Iectgrlng an_d self learning

through the classroom for 24 hours ina total duration of six weeks.

teachings up to 48 hours b) The e_xtenspn knowlec_:lge part was
accomplished in 6 hours in three weeks.

Methods Students needed to perform self learning and
b) A joint construction | team-learning through classroom discussions.
design practice for a | C) Team-based architectural design project
week. lasting the whole semester. Students needed to

refer back to their conceptual designs in the
cornerstone project performed in the last
semester, and modified their preliminary
architectural designs according to new
knowledge learnt in this course with an
emphases on environment protection and
resource saving.

a) examinations Assess to th_e \{vhole QDIO process. The
object of evaluation includes:

Assessment b) level of the Building | a) research reports
structure design b) discussions record of improving the design

c) examination of architecture knowledge
d) level of the architecture design
e) Performance and summary
Score of the exam Process of team-work (30%) + Score of the
Score (80%) + Design (20%) exam (20%) + Outcome of design and show
criteria (50%)

The Projects

To stimulate the interests and creativity of students, we selected "Residence ”

WiKdst

fundamental and substantial building type as a design object. The projects are identified in
table 2. Each project has clear design topics and practical engineering conditions. The
students were allowed to choose a work freely.

Table 2

"Project” to be chose
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Project topics Design Topics

1 | "Green city" residence the residence with a good
ecological environment and
landscape

2 |3+DUPRQLRXVY UHVLGHQFH the residence meet the needs of
different social to live
together

3 | "Adaptive" residence the residence solving the multi-

generational co-live and the
residential population change

4 | 3(FRQRPLFDO" UHVLGHQFH the residence For the urban low-
income home
5 | "Green practice" residence Energy saving house

Repeatedly CDIO Process

The students were divided into fourteen groups (three in each group) and went through two
entire CDIO cycles. The first cycle was to set up a profile for the building. The second one
was to work out the detail design. The characteristics of each stage are stated in the below:

Conceive stage

In this stage, the students took all possible ways of being carried out in-classroom and out
of classroom, including literature study, website search, discussion, consulting available
experts, to build up a basic concept for the project. At meantime, teachers joined the
seminar to ensure that the idea proposed by student is reasonable.

Design stage

Under the teachers fjuidance of as to answer any related questions and monitor progress,
the students conducted their design work through the case study, discussion, debate, task
analysis and drawing.

Implement stage

Within a short course study period, it seems impossible that students to complete a whole
building construction process that is from design to put into use. Therefore in this stage,
the implement effects of the design work were estimated by means of ®xperts, public
and dwners " In which each team displayed their design work, when the rest teams took
the role of public “to evaluate the acceptance of the building and give their comments.
Teachers acted as the ®xperts” to check whether the design is reasonable and in
accordance with the national norms. At the same time, the teachers and students were
also supposed to be the owner of a designed building to valuate if the work meets their
requirements.

Operation stage

When a team was displaying their work, they also had to defend, debate or maybe take
the criticism commented by the rest in the class. After the evaluation, each team had to
revise their design according to the comments given during defence. Thus, the design
work had been improved in the operation stage.

THE TRSFORM $ EFFECTS

Taking the results from questionnaire survey to combine with the observation made by the
teachers and the outcomes got during the course study, it can be seen that some effects
were produced after the course has been transformed from previous one.

Active attitude to learn

To accomplish an architectural design work, it involves many aspects of related knowledge,
With a reception-learning method taken in before transform’ students could hardly
understand and apply the principles for their design task. But as a big benefit from the course
transformation, it can be seen on the data given in table 3 which students evaluated
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themselves, the interesting in course-study accounted for 70% high, much more than before.
Meanwhile, the reformed teaching method including the new-designed C-D-I-O learning
procedure has also been widely acknowledged by the students.

Table 3
Students %elf-evaluation data after Architectural Design “course study
Item | Interest Practical Communicative | creativity | Self-study | knowledge
Grade in leaning Ability competence
Very good | 10% 10% 20% 20% 40% 15%
good 60% 65% 70% 65% 50% 70%
General 25% 25% 10% 15% 10% 15%
poor 5% 0 0 0 0 0
Table 4
Survey for the course of Architectural design”
Item Learn from teamwork | learn from competition | Learn from evaluation
Grade
Very good 15% 10% 20%
good 45% 55% 50%
General 25% 25% 25%
poor 15% 10% 5%

Improvement of SW X G HADLtY

It can be seen that the students improved their self-learning capacity and team spirit
significantly after this architectural design. Although the products designed by the students
can not be perfect with their current limited knowledge and skill, but they had exhibited their
creativity, interests and care for the society and environment, which are expected to be
retained and developed for their lifetime. There is a case indicated the promising progress of
the student§ CDIO competencies. A team consists of three girls that chose the project
"Adaptive" residence.

Self learning capacity

This task was relatively difficult for a beginner. When the course started, a girl worried that
she could not do it with her limited knowledge and ability. Teachers encouraged her to
process her work step by step as long as the progress can be seen. So she went to the
process frankly, she did field research, analysis design case with teachers, then took part in
team discussions, followed by carefully drawing, writing the text, presentation and improving
program . After the work, she had accumulated a lot of first-hand information gained through
discussion, and the draft. At end of the day, the girl told teacher that now she can face to the
design work without being afraid of. This course enhances not only the potential to self
learning, but also the confidence of students.

Teamwork ability

The complexity of architectural design requires students to adopt teamwork to work together
for a job. As shown in Figure 1, it is a standard floor plan for residential building. It is rely on
teamwork to determine the consistently space sizes and various components size. One team
member said in a report that In this course, | learnt how to communicate and discuss in a
group to reach a consensus, more than how to design. We have to divide the work,
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cooperate in teamwork and be good at listening to the views of others. Only by team can we
ILQDOO\ JHW WR RXU UHVXOWYV ’

Figurel. The standard floor plan for residential building
The ability to develop products in social system
7KH W HtésR & Yo develop a "adaptation" residence solving the multi-generational co-live
and the residential population change, which is a typical task of developing product to meet
the needs of society. First of all, the team focused on the contents of the current family life,
the one-child family composition and population changes, as well as the elderly and their
children separated in space and spatial variability; then used their knowledge to arrange the
function, space and components of building; after they took part in the show and presentation
in class, expressing their design ideas and features, accepting the teacher and student
evaluation, they improved the design finally. This CDIO process is consistent to the actual
development of products logically. Students naturally exercise the ability to develop products
in social system.
As shown in Figure 2 is the improvement of team at CDIO process compared before and
after. On the show in class, other students acted as "critical customers" and pointed out that
the lighting problems, the URRP V F RQ®L whfBr@ble, the windows do not quite
reasonable, and the doors are not reasonable with the structure in pre-program. The team
accepted these advices and improved their program. One team member said in report WKD W’
The biggest gain is that we are able to constantly optimize our desired "adaptive" residential
building. In fact, | think we will have a lot of improvements, when we enrich the professional
knowledge. We will really be able to design our dream home! "
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Figure2. The improvements for plan

Foundation of the Followed Course

This course is a secondary project of integrated curriculum system that based on EIP-CDIO
mode. There are other projects such as "structural and geotechnical engineering design" and
"advanced Civil Engineering design" followed [3].

The team studying methods and the form of exchange that formed in this course will be
retained. At the same time, the outcome of this design will be the research subjects of the
following curriculum. Students can sustain thinking and improving the residential building and
construction "design" when they are in the process of deeper expertise. In particular, this
project will cultivate the ability to help students get to their broader professional fields.

THE PROBLEMES AND CHALLENGES

Evaluation of Capacity

The curriculum developed capacity-building objectives (in table 1), and have achieved some
success. However, the evaluation of capacity-building is mainly by subjective "feelings" of
teachers currently. It is important to find more objective and effective assessment methods.

Motivate S W X G HTaavwhvark

In this course, teachers try to motivate sWXGHQWYYV WHDPZiRdJ) dbe &FQMW KR XJK
SFRPSHRMQAWD QG 3DGG FUH Digdn\gehesalyw@lvdivied KyDstudents, there are

always free riders in team efforts. How to reduce the numbers of free riders and to educate

on team spirit, integrity and team ethics is still a problem to be solved.

Use of Error-correcting -based Learning Methods

Driven by design motive, coupled with self-learning method, students need to access and
collect a large number of knowledge, data and examples. These may come from textbook.
More frequently they are collected from the internet. The information quality and credibility of
the data can be very different. The students are still lacks of necessary knowledge and skills
to make the judgments. So mistakes are inevitable. Some of our students encountered these
problems and hesitate to go any further. They felt much more comfortable relying on the
teachers. Teachers should have awareness of the use of error-correcting-based learning
methods to help the students find relevant and correct data. In the new model, teachers also
should face up to students to achieve the level of the design problem has always been to
improve for the purpose of student ability rather than knowledge of the rights and wrongs of
the past to high demands.

Faculty Competency

EIP-CDIO requires faculty much more than simple knowledge transmission. Like what is
common in the world, most engineering faculty may not have strong engineering experience.
How to improve the faculty engineering and CDIO competency would be a serious challenge.
Faculty members should update their pedagogical concepts and conduct. Transform from
traditional W H D B Koté tbfacilitator § role.

CONCLUDION

Shantou University College of Engineering, Department of Civil Engineering is exploring the
CDIO engineering education philosophy into practice by CDIO approach, within the Chinese
environment. A Design-Directed ®Architectural Design” course was transformed and
implemented. The practice has achieved our anticipated goal. Favourite results have been
achieved. We will continue to our reform to solve more problems.
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ABSTRACT

One of the main goals of the Millennium Development Goals (MDG) is to promote

engineering education, capacity building and applications for poverty eradication and
VXVWDLQDEOH GHYHORSPHQW 1RWLQJ WKH UHFRPPHQGDWLRQV
in Hanover, 2000 (3+XPDQLW\ 1DWXUH DQG 7HFKQRORJ\" DQG 6KDQJ
6KDSH WKH 6XVWDLQDEOH :RUOG’ UHJDUGLQJ WKH LPSRUWD
economic development and the need for capacity building, and noting that the third World
(QILQHHUWMNWRABY ZLOO EH KHOG RQ 'HFHPEHU LQ %UDVLOLD LQ
ZLWK 6RFLDO 5HVSRQVLELOLW\’

ISEP and other institutions will organize a week long event to publicize MDG to the students.

In this presentation we will go to present the program and the internships offered to students.

KEYWORDS
Millennium Development Goals, UNESCO, Engineering Education
INTRODUCTION

CDIO, as a framework to produce the next generation of engineers, provides students with
an education stressing, beside others, operating real-world systems.

Engineering education must take into account the surrounding environment, namely the
goals set by international organizations and governments as they will represent additional
opportunities for students at the labour market.

This poster will also link the MDG event at ISEP with CDIO standards 1, 2, 5 and 8.
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WHAT ARE THE MILLENNIUM DEVELOPMENT GOALS?

The Millennium Development Goals (MDGs) are eight goals to be achieved by 2015 that
respond to the world's main development challenges. The MDGs are drawn from the actions
and targets contained in the Millennium Declaration that was adopted by 189 nations and
signed by 147 heads of state and governments during the UN Millennium Summit in
September 2000.

The eight MDGs break down into 21 quantifiable targets include:

X Goal 1: Eradicate extreme poverty and hunger
0 Halve, between 1990 and 2015, the proportion of people whose income is
less than one dollar a day.
0 Achieve full and productive employment and decent work for all, including
women and young people.
0 Halve, between 1990 and 2015, the proportion of people who suffer from
hunger.

X Goal 2: Achieve universal primary education
o Ensure that, by 2015, children everywhere, boys and girls alike, will be able to
complete a full course of primary schooling.

x Goal 3: Promote gender equality and empower women
o Eliminate gender disparity in primary and secondary education preferably by
2005, and at all levels by 2015.

X Goal 4: Reduce child mortality
0 Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate.

x Goal 5: Improve maternal health
0 Reduce by three quarters, between 1990 and 2015, the maternal mortality
ratio.
0 Achieve, by 2015, universal access to reproductive health.

X Goal 6: Combat HIV/AIDS, malaria and other diseas es
0 Have halted by 2015 and begun to reverse the spread of HIV/AIDS.
0 Achieve, by 2010, universal access to treatment for HIV/AIDS for all those
who need it.
0 Have halted by 2015 and begun to reverse the incidence of malaria and other
major diseases.

x Goal 7: Ensure environmental sustainability

0 Integrate the principles of sustainable development into country policies and
programmes; reverse loss of environmental resources.

0 Reduce biodiversity loss, achieving, by 2010, a significant reduction in the rate
of loss.

0 Halve, by 2015, the proportion of people without sustainable access to safe
drinking water and basic sanitation (for more information see the entry on
water supply).

0 By 2020, to have achieved a significant improvement in the lives of at least
100 million slum-dwellers.
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X Goal 8: Develop a Global Partnership for Development

(0]

Develop further an open trading and financial system that is rule-based,
predictable and non-discriminatory. Includes a commitment to good
governance, development and poverty reduction-nationally and internationally.
Address the special needs of the least developed countries. This includes
tariff and quota free access for their exports; enhanced programme of debt
relief for heavily indebted poor countries; and cancellation of official bilateral
debt; and more generous official development assistance for countries
committed to poverty reduction.

Address the special needs of landlocked and small island developing States.
Deal comprehensively with the debt problems of developing countries through
national and international measures in order to make debt sustainable in the
long term.

In cooperation with pharmaceutical companies, provide access to affordable
essential drugs in developing countries.

In cooperation with the private sector, make available the benefits of new
technologies, especially information and communications.

Figurel. The eight MDGs Goals

WEEK PROGRAM

The week long event of Millennium Development Goals will be held on October not only at
ISEP but at others institutions and in Porto city. There are several universities, Non
Governmental Organisations for Development (NGOD) and other organizations involved,
such as: Universidade Catdlica do Porto; Engenho & Obra (NGOD); Agéncia ODM; Escola
Superior de Educacédo do Porto, Campanha do Milénio das Nacdes Unidas, Centro Regional
de Exceléncia em Educagdo para o Desenvolvimento Sustentavel da Area Metropolitana do

Porto.

During this week the students will show their work related with the MDGs Goals. There will
be a national photograph contest and an interuniversity documentary contest about MDGs

Goals.
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We are also going to organize a marathon at 17" October, at the International Day of Poverty
Eradication.
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ABC WATER S PROGRAMME (CENTRAL CATCHMENT) =
CONTEXT FOR STUDENT LEARNING
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ABSTRACT

The Active, Beautiful and Clean (ABC) Waters programme by PUB, the national water
agency of Singapore, aims to restore the waterways and create new waterscapes in
Singapore so as to bring people closer to water and provide a beautiful environment for all to
enjoy. The conventional engineering approach for designing man-made channels is
replaced by an integrated view that includes engineering, science, landscape design, urban
design and a commitment to community connection. Singapore Polytechnic has adopted the
Singapore River and Kallang River at Bishan Park, and will be adopting and organising
activities at the Marina Reservoir. All these places are in the central catchment of Singapore.
The paper describes how the adoption programme can help engineering students better
appreciate the external and societal context for engineering systems and the engineering
profession and provide learning experiences for students outside classrooms. This is aligned
with the Conceiving-Designing-Implementing-Operating (CDIO) syllabus, a component of
which is focused on the external and societal context.

KEYWORDS

Waterways, adoption, students, community, societal context, content

INTRODUCTION
ABC Water s Programme

7KH $FWLYH %HDXWLIXO DQG &OHDQ $%& :DWHUV SURJUDPPF
water agency, aims to restore the natural rivers, lakes and waterways and create new
waterscapes in Singapore so as to bring people closer to water, the scarce resource in the
island nation. The conventional engineering approach for designing man-made channels is
replaced by an integrated view that includes engineering, science, landscape design, urban
design and a commitment to community connection. Concrete drains and canals will be
transformed into natural streams with habitats for aquatic and marine flora and fauna.
Community spaces beside the waters will be created for new lifestyle activities and
attractions. More recreational choices such as kayaking and leisure boating will be offered.
These are in addition to the engineering systems to be put in place, for example careful
design to ensure adequate drainage, the recirculation of water in the system to create flowing
waters, and basic treatment measures for the waterways such as litter traps, rain gardens,
bio-retention systems and infiltration trenches.

With this nexus of engineering systems and societal impact, the ABC Waters Programme
provides an excellent platform for engineering students to better appreciate the external and
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societal context that engineers operate in. It also helps the students appreciate the
engineering principles and technical concepts learnt in the classroom, for example in the
module on Hydrology & Hydraulics. The Singapore Polytechnic (SP), through its adoption of
various water-bodies under the ABC Waters programme, has involved the students from the
Diploma of Environmental Management and Water Technologies (DEWT) and Diploma in
Civil Engineering & Management (DCEM) courses to work with government agencies, NGO,
industry and the community. The adoption programmes are described in more details below.

ADOPTION PROGRAMMES
Adoption of Singapore River

SP has officially adopted Singapore River since January 2006. As part of the adoption

programme, SP has been working closely with Waterways Watch Society (WWS), a non-
governmental organisation, to monitor the water quality in Singapore River. Since 2005, SP,

together with the Environmental Engineering Society of Singapore, WWS and PUB, has

been organising the World Water Monitoring Day from 18 September to 18 October every

year. On the World Water Monitoring Day (WWMD), students from various schools,

including SP, use water testing kits to test the levels of dissolved oxygen, acidity, clarity and

temperature of water at 6 LQJDSRUHTYVY UHVHUYRLUV DQG ZDWHUZD\V VXF¥
Singapore River.

The exercise is part of the global efforts of WWMD which aims to create awareness of the
importance of clean water. Such activity helps to nurture ownership among young
Singaporeans and encourage us to be guardians of our water, which will ensure the
sustainability of our precious water resources. For the past 3 years, over 40 SP students
and staff have participated in the WWMD.

SP has also organised Singapore River Raft Race (SRRR), an annual event, with the
objectives to nurture creativity and spirit of adventure, raise awareness of recycling &
environment, encourage healthy life style and raise funds for charity. In 2007, there were
100 rafts from 35 organisations registered for the race and some 2000 people participated in
SRRR including the fringe events. Since 1997, SRRR has raised some $1.2 m for 21
charities to date.

Adoption of Kallang River at Bishan Park

SP has officially adopted the Kallang River at Bishan Park since November 2007. The ABC
Waters Programme at the Kallang River is currently in progress. Upon the completion of the
project, the DEWT and DCEM students will assist in analysing and monitoring of water
quality in the river. The students will also be involved in gathering feedback from residents
on community spaces created near the waterways, planning outreach programmes to
secondary schools to raise awareness of protecting the precious resources, conducting
research on cultural heritage of the Kallang River and developing signages to educate the
public.

Adoption of Marina Reservoir

SP ZLOO EH DGRSWLQJ WKH ODULQD 5HVHUYR lh€art 6fltlieg tBYSRUH TV IL
June 2009. Marina Reservoir is created by a barrage built across the mouth of Marina
Channe O W LV VHW WR ERRVW 6LQJDSRUH YW taeDowHyidg ¥rxsSSO\ DOQ
of the city and provide a new venue for water recreational activities. Some 40 DEWT
students have been trained as volunteer guides to share with local and foreign visitors the
Singapore Water Story and the function of the barrage at the Sustainable Singapore Gallery
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at Marina Barrage. It is an enriching learning experience for the students +not only can they
better appreciate the engineering knowledge acquired in class, they are able to communicate
the concept and idea to the community.

CONTENT FOR CLASSROOM TEACHING

In the classroom, DEWT and DCEM students are taught the hydrological cycle, catchment
management, stormwater management and design of drainage systems. They learn to
design trapezoidal or rectangular concrete drains using conventional methods such as using
ODQQLQJYY HTXDWLRQ wWKdtr i©ddliizttegd WithinDNY catddbment areas as
runoff and to ensure the quality of raw water, rules and regulations are usually imposed by
the authority to restrict development and human activities within the catchment.

Through the adoption programmes, students are exposed to innovative features of the ABC
Waters Programme initiated by PUB, where the conventional engineering approach to
resolve flooding and drainage problems, i.e. designing concrete man-made channels, are
now replaced with natural streams with habitats for aquatic and marine flora and fauna.
Instead of protecting the waterways against any human activities, the community is now
encouraged to get close to the water bodies and participate in various recreational activities
such as kayaking without compromising the water quality in the waterways. This can be
made possible with the basic water treatment measures put in place along the waterways
such as the litter traps and infiltration trenches.

CONTEXT FOR CLASSROOM TEACHING

With the participation in various activities of the adoption programmes, students can have a

better understanding on how engineering concept is being applied in real life context and

keep abreast of the latest technologies adopted by the industry. The partnership with the
JRYHUQPHQW DJHQFLHV 1*2 LQGXVWU\ DQG FRPPXQLW\ ZLOC
perspectives in real working world and develop them as whole, mature and thoughtful

individuals.

In addition, through participating in the adoption programmes, our students learn to

appreciate the importance of water in the context of a water-scarce resource country like
6LQJDSRUH 7KLV LPSRUWDQFH LV Whkel OrAR\WEdhéenE) Valgdafidd WDJOLQ
Enjoy. Students learn to conserve water as they come to know that it takes great effort to

collect every drop of water; they learn the value of water and take greater ownership of our

waterways and reservoirs and they enjoy the water bodies through the various water sports

and activities at the waterways.

CONCLUSION

The adoption of water-bodies by SP and the involvement of engineering students in the
programme is an example of programmes focusing on the external and societal context,
which is a significant component of the Conceiving-Designing-Implementing-Operating
(CDIO) syllabus. Exposing the students to the industry as well as participating in the
community allow them to have a better appreciation of the external and societal context that
engineers operate in. This will prepare them as active citizens and professionals to help
conserve, value and enjoy 6 L Q J D S Ratdrs] V
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Achieving Effective Learning in Engineering Laboratory Classes

Marion McAfee
P.J. Armstrong
Geoff Cunningham
School of Mechanical & Aerospace Engineering, 4 XHHQTV 8QLYHUVLW\ %HOIDV

ABSTRACT

This investigation looks at how effective lab classes are in the Mechanical Engineering
FRXUVHV DW 4XHHQYV 8QLYHUVLW\ %HOIDVW LQ WKH FRQWH[W
education. The laboratory program here is of a traditional type, where students work through

a number of separate three-hour lab classes associated with their engineering science

modules over the semester. The laboratory exercises (29 in total) are grouped according to
ZKHWKHU WKH\ DUH pGHPRQVWUDWLRQVY M€FRQWUROOHG H[HU
more open exercise where students must plan all or part of the experiments). Student

feedback was sought on each of the exercises to evaluate how effective the learning had

been in each case. The majority of labs, as with most traditional programs, are controlled
investigations and these varied in the extent of active learning and exposure to problem-

solving or real-life application. The student feedback correlated strongly with the degree of

active learning and relationship of the exercise to a real engineering problem.

The abRUDWRU\ HYDOXDWLRQ DOVR H[DPLQHG PRUH JHQHULF pL
learning in lab classes. The effectiveness of the lab demonstrator/facilitator was clearly

highlighted as being an extremely important factor to the student learning experience.

Another issue which clearly impacts on the motivation of the students to learn is the nature of

the lab assessment. In most cases students are required merely to follow the steps given by

the manual/demonstrator so there is very little opportunity to asVHVV VWXGHQWVY FRQW!
and skills. As a result, there is very little divergence in the individual marks allocated to

students and little motivation for the students to actively engage in
understanding/analysis/discussion of the lab.

Using the results of the student feedback and evaluation, general practice in setting-up a
laboratory exercise has been identified and suggestions given for future improvement over a
traditional lab programme.

KEYWORDS
lab classes, active learning, reflective learning, constructive alignment

INTRODUCTION

The laboratory programme investigated in this work applies to years 1 and 2 of the
XQGHUJUDGXDWH FRXUVHV LQ OHFKDQLFDO (QJLQHQ®UWBLQJ DW 14
Approximately 80 students are enrolled in each year and these are divided into groups of five
or six for the lab classes. Each lab lasts for three hours and groups rotate between the
classes on a weekly basis throughout the semester; therefore different groups will cover
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different labs at different points during the semester. The laboratory programme is not part of
any specific module but is intended to support all the engineering science subjects (Materials,
Mechanics, Fluid Dynamics, Thermodynamics), with some labs aimed at more general,
transferable skills (presentation skills, teamwork). Students are marked out of 5 for each
engineering science lab and the average mark contributes to 5% of the overall mark for each
of the aforementioned modules. The labs are run by Ph.D. students who allocate marks to
each individual based on their contribution to the class. Laboratory classes occupy more than
10% of the timetabled hours for Mechanical Engineering students over the first two years of
the course, hence it seems important to examine whether this significant time resource is
used effectively.

The role of lab classes in engineering education

The roles of laboratory classes in engineering education have been discussed previously in
the literature [1-2], with agreement on a wide range of goals including: learning scientific
information; understanding the process of scientific investigation; learning technical skills
(use of equipment etc.); appreciating the application of knowledge and methods; and
developing communication and teamwork skills. However, there is a current need to address
the role of lab classes within the context of modern engineering educational aims. A recent
report commissioned by the Royal Academy of Engineering in the UK [3] has recognized that
the UK is experiencing a shortage of high calibre engineers (despite increasing numbers of
graduates post-1992). This report has identified a need to
MSURYLGH PRUH H[SHULHQFH LQ DSSO\LQJ WKHRUHWLFDO XQGH
RSHQ HQGHG SUREOHPV IDFHG E\ LQBGEKWIWU\Y LQ HQJILQF
The CDIO Initiative was developed with input from academics, industry, engineers and
students and informs a framework of curricular planning and outcome-based assessment
which emphasizes experiential and hands-on learning and, as such, promotes active and
interactive learning techniques. The &',2 VIOODEXV IXUWKHU HPSKDVL]HV p3U
MB\WWHPV 7KLQNLQJY DQG MH[SRVXUH WR &RQFHLYLQJ 'HVLJQL
HQJLQHHULQJ V\VWHPVYT DV N HAsVthel @0 pfogrdrithe \evngizésQaw V
VXEVWDQWLDO SDUW RI WKH LOQWHUDFWLYH DQG pKDQGV RQY HC
undergraduate programme then alignment with these goals is important.

What is effective learning?

The Institute of Education [4] puts forward the following definition of effective learning:
MUHIOHFWLYH DFWLYLW\ ZKLFK HQDEOHV WKH OHDUQHU WR GUD
DQG HYDOXDWH WKH SUHVHQW VR DV WR VKDSH IXWXUH DFWL
The key features highlighted in this and other definitions [e.g. 5] include:
t An ACTIVE process
¥ Involving REFLECTION on what has been learned to make connections between
previous experience and present or future situations

In this light, the lab program in Mechanical Engineering is evaluated in terms of whether it
aligns with the learning aims of modern thinking in engineering education and whether it
offers sufficient opportunities to involve students in active learning processes and develop
skills in self learning. It is important to examine issues which impede attainment of these
goals and identify methods which result in more effective achievement of these learning aims.

EVALUATION OF LAB CLASSES

The evaluation of the Mechanical Engineering lab classes has been approached in a number
of different ways.
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1) Individual labs were evaluated by examination of the lab manuals to determine
opportunities for learning and by student feedback.

2) General feedback from students was sought on the overall lab programme in terms of
the CDIO syllabus.

Breakdown of individual lab classes

According to the UKCME (UK Centre for Materials Education) Lab Classes Guide [6], there
are three types of lab class:
¥ Demonstrations *containing little of no student participation
¥ Controlled Exercises *Students are given instructions to carry out an exercise which
has a known outcome
¥ Structured Investigation £The method of investigation is more open to the students,
they are required to plan all or part of an experiment.
It is useful to group the lab classes in these categories and consider the relative strengths
and techniques of each.

A number of the classes are largely demonstrations (e.g. of CAM and CAE software), where
the students have little opportunity to actively get involved in the experiment. These types of
laboratory class were largely unpopular with the students as they felt the material was
irrelevant to their studies, and the demonstrations were not engaging. Many students also
commented that for a number of these labs the material could easily be covered in the
classroom and appeared to feel that this was a waste of laboratory time. Within these labs
there was very little opportunity for the students to engage in active learning processes;
VWXGHQW FRP P H @ajust fbl@wed strtttong § D @&ned nothing useful

$ ODUJH SURSRUWLRQ RI WKH ODEV IDOO XQGHU WKH FDWHJRU\
had more participation but followed a defined step-by-step methodology. These labs were
generally associated with application of theory covered in lectures to a practical situation.
This type of investigation was most popular when students found the theory particularly
difficult (with many stating that they were able to understand the theory much better from
taking part in the experiment than from lectures) and when the theory would be examined.
Students also emphasized that good handouts and clear description of the theory was
important. Students also appreciated when this type of lab class was clearly associated with
a real-life application, for example in the case of engine testing, analysis of beam loading etc.
&RQYHUVHO\ VRPH ODEV KBPGLIMH{ HDWB\SPQADWLRMHDE®U H[DPSOH
most suitable material for a particular function by testing the physical properties of a number
of different options), however this did not guarantee that the students found it interesting if
they themselves did not have much opportunity to participate in the experiment or if the
theory was quite simple and undemanding. Another example involves investigation of the
properties of steam, which was pointed out to the students as being extremely important to
power generation; however students found the actual experimental procedure boring,
complicated and irrelevant. The electrical engineering labs which demonstrate circuit
analysis techniques and electromagnetic theory were also unpopular. Students commented
that the experiments did demonstrate the lecture material quite well but found them long and
tedious and many failed to see any relevance of studying electrical engineering as part of a
mechanical engineering degree.

Very few of the lab classes involved a more open, problem solving approach as associated
with a structured investigation. A few good examples are present in the second-year program,
which includes a competitive team exercise to design and build a beam with the best
strength-to-weight ratio, and an assignment to design the optimum length of tripod legs
where they are required to apply theory covered in class. These types of investigations are

Proceedings of the 5th International CDIO Conference, Singapore Polytechnic, Singapore, June 7 - 10, 2009



very popular with the students, who stated that they found them enjoyable and felt they
promoted better understanding.

Evaluation of the overall lab programme

A large number of students (42 first years and 31 second years) were asked to evaluate the
lab programme of their current year of study at the end of the year. The aim here was to look
specifically at how well students felt that the lab classes gave them exposure to the key
elements of the CDIO syllabus. They were asked to what extent they felt the lab programme
in that year of study had developed the following:

Technical Knowledge

Problem Solving

Experimental techniques

Systems Thinking

Professional skills

Teamwork/Communication Skills

Exposure to Conceiving Designing Implementing and Operating

The results are displayed in Figure 1.

+ + H+ H+ H+ H +H

Figure 1. Percentage of students who agreed the lab programme gave them exposure to
specific skills.

First years felt that the lab classes gave them good exposure to the traditional aims of lab

classes: experimental techniques; Technical Knowledge; and Teamwork/Communication.

However, the more aims more specifically associated with the CDIO syllabus were rated

much weaker RQO\ DERXW KDOI WKH VWXGH Q WSysteh® Winking Bind G KD G H
Problem Solving. Perceived exposure to Professional Skills and CDIO was even lower (36%

and 26% respectively).

The results from the Second year evaluations were similar, except that there was much
stronger agreement here that they had had an opportunity to develop problem solving skills.
There was some improvement over the rating by First Years in the perceived exposure to
Systems Thinking; Professional Skills and CDIO but again less than half the class agreed on
these points.

Specific positive comments from the First Year students included gaining a better
understanding of theory; having some good demonstrators; and they enjoyed working in
small groups and meeting new people in the class. However there were also a lot of negative
comments ZLWK VRPH OIbigV4nEHILY EHLQI WKH PRVW IUHTXHQWO\ FL
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Another common complaint related to the timing of labs +due to the rotations some groups

covered certain labs before the theory was covered in lectures. Poor demonstrators in some

cases also featured as one of the worst aspects of the lab classes =*suggesting that the
performance of the individual demonstrators can have a major influence on how much
VWXGHQWY JHW RXW RI WKH O D Elack oY &kbhbniryR BtiessQ@W¥ Y0 jorFO XGH G
understanding 1 noptmuch analysis of results I wanting more discussion and less dictation

WRPH ODEV UXVKHG DQG. ShHeR Was aldd & OvOrtyddlyGigh number of

U H I H U H Qpoidtss\t&cylations and pointless graphs | There was also a suggestion that

most students lost interest after lab reports were submitted (essentially meaning that there

were no further demands for assessment except to turn up).

Some of the feedback from Second Years was very similar; on the positive side with applying

WKHRU\ WR SUDFWLFH JDLQLQJ EHWWHU YLVXDBXRQRGOCHDYYD®XG |
On the negative side, timing was again a common complaint, some too long/dull and some

poorly explained, were also echoed, as were sentiments relating to the lack of demonstrator

enthusiasm and in some cases poor ability to explain the experiment. Some labs were seen

DV USRLQWOHVVY DQG RQH UHVSRQVH VWDWHG D ODFN RI FUHL
There were conflicting responses from some students who felt they were given too much

KHOS DQG RWKHUV ZKR ITHOW WKH\ ZHUH pWKURZQ LQ DW WKH C
from students included affording a greater element of discovery for students; updating

equipment; and including more project work.

IDENTIFIED BEST PRACTICE

It was clear from the student feedback that there are many shortcomings associated with the

lab programme, however there were a small number of labs that were very popular with the

students and which aligned well with the CDIO objectives. The most positive feedback

related to the open investigations in the second year course which involve the students in

active learning processes and more open-ended problem solving. The best example is a

HM%HDP '"HVLJQ RW£hiF iHWIV¢Y students working in teams which compete against

each other to design and build a beam with the best strength-to-weight ratio. The
investigation is spread over three weeks: in the first the students work on the initial design of

the beam and are encouraged to use the theory they have covered in lectures. In the second

week, the students test their beam and are given an opportunity to identify the weaknesses

and develop an improved structure. The final test is then carried out in the third week and

students are encouraged to reflect on why certain designs performed better or worse than

others. The teamwork and competitive aspects of the task make it an enjoyable one for the

students and they felt it fostered greater understanding of theory than other more controlled
investigations. This is one of the few labs to involve the students in both active and reflective

processes and is an excellent example of applying KolE TV O H D U QZ]@Hbick statesthat
OHDUQLQJ UHTXLUHV D SHREHYVOQRI pHDLWLXRLQJ DQGha®830\LQJY ¢
valuable opportunity to learn from trial and error and from making mistakes [8]. This task

allows appropriate amounts of support to be given to individual students to maintain interest

and challenge yet ensure understanding xmore help given to those who need it teither by

their peers or by the demonstrators. An important aspect of the investigation is that the
VWXGHQWY DUH QRW OHG WR DQ\ pULJKWT RU pZURQJMtyDQVZHU
WR HFRQVWUXFWY NQRZOHGJIH IR UactWeK iHdamnd Onakeks T[9,Xapd QV D U H
according to Jackson [10] teachers must provide a learning environment where students

search for meaning, appreciate uncertainty and inquire responsibly

That said, WKH pFRQWUROOHG LQYHVWLJDMWheBexEsts BtuddntQweYe Z L W KR X
asked to follow a step-by-step procedure to arrive at a pre-determined result. This approach
LV QRW FRPSOHWHO\ ZLWKRXW PHULW p'RLQJTI le¥rning BH\ IDFWR
and obviously undergoing a practical process offers possibilities for greater depth of
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understanding than purely theoretical work. This is particularly true as some students will

KDYH D QDWXUDO SUHIHUH QF H11,RY Thedefom phyticailexparicdd@ o0 J T

theory covered in lectures ensures that these learners who may struggle with written or oral
explanations in the classroom have an opportunity to learn in a way that suits them. This is
supported by several comments from students to the effect that they understood theory much
EHWWHU DIWHU FRYHULQJ LW LQ D ODE +RZHYHU VXFK
results in a fairly limited learning experience; student feedback indicates that many are bored
and unchallenged by lab classes and want greater opportunities for discovery and to
exercise initiative. Labs demonstrating pertinent aspects of the theory should not be
discarded but ways of making them more active should be considered, while other
demonstrations may be better delivered in tutorial classes or in lectures using video clips etc.

AIDS AND BARRIERS TO EFFECTIVE LEARNING

The evaluation of the lab classes highlighted a number of different issues impacting on
achievement of learning aims. Firstly, the role of the lab demonstrator was clearly highlighted
as being extremely important to the students. Lack of understanding and lack of interest in
the lab was often due to poor explanations, lack of enthusiasm and rushing the lab on the
behalf of the demonstrator. Lab demonstrators are given no training in small group teaching
and preparation may well be limited to receiving a copy of the lab manual from the course
lecturer. As a result, the postgraduate demonstrators may be ill-prepared for the lab in terms
of the aims and objectives and may be ill-versed in the theory. Therefore, any attempt to
enhance the content and structure of the lab programme should also address training of
those delivering the teaching.

Another issue which clearly impacts on the motivation of the students to learn is the nature of
WKH ODE DVVHVVPHQW W Kd3assradatrtiefingsywbatvdtlGenW keDavd s

D HUFORV

LPSRUWDQW «,I \RX ZDQW WR FKDQJH VWXGHQW OHDUQLQJ

assessment "[13]. As in most cases students are required merely to follow the steps given by
WKH PDQXDO GHPRQVWUDWRU WKHUH LV YHU\ OLWWOH

skills. As a result, there is very little divergence in the individual marks allocated to students
and little motivation for the students to actively engage in understanding/analysis/discussion
of the lab. It has been argued that the descriptive nature of lab reports can lead students to
adapt lecture notes as opposed to thinking in a reflective way about their work; alternative lab
assessments including on-line quizzes and short hand-ins have been found to result in
higher levels of student motivation and understanding [14]. If we want to develop skills in
engineering practice and applying theory to solve problems we need to design assessment
aligned with these aims [15].

CONCLUSIONS AND SUGGESTIONS FOR IMPROVEMENT

¥ The lab classes in Mechanical Engineering at QUB provide better understanding of
theory by giving the students a chance to learn through practical experience.

¥ Effective learning is limited by the dominance of controlled experiments in the lab
programme which do not engage the students in active learning processes.

¥ Some good examples are evident of laboratory activities which support modern
engineering educational aims of enabling students to tackle open-ended problems and
DSSO\ WKHRZRW® GHU H Q OlaQieeHIIudend feedback indicates that they
want greater opportunities to exercise initiative and creativity through this type of
exercise.

¥ Student feedback has highlighted the importance of the laboratory demonstrator in
achievement of effective learning from the lab class.

¥ The nature of laboratory assessment should be addressed to align student learning
with the modern aims of an engineering education.
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In attempting to improve the lab programme, current experiments should be assessed first in
terms of whether they afford an opportunity for students to engage in active and reflective
learning process. Can the lab be adjusted in some way to make it more open-ended and give
the students an opportunity to make mistakes? Could the relevance to real-world engineering
problems be made stronger? If not, perhaps the experiment could be better demonstrated in
a lecture/tutorial class.

With the current, traditional, lab programme many key skills are not being realised strongly
enough. Our students struggled to understand the relevance of other disciplines (Electrical
Engineering); to appreciate the links between the various aspects of engineering science in
system and to understand how theory applied to Conceiving, Designing, Implementing and
Operating systems. A fairly radical shake-up of the programme is necessary to imbed these
skills and the need for more open-ended project work is clear. There is a need to move away
IURP WKH VWDQGDUG KRXU H[HUFLVWREHQH FEDWHG/ RMOK DR XUKRR
semester. An alternative approach may be to run a more limited number of projects, similar
to the beam test, were students work on planning, testing and redesign over a period of
weeks and are given appropriate levels of support from tutors in a facilitator role. A staged
approach, whereby students are given a lot of guidance in early labs in order to equip them
with basic skills, going on to structured investigations and ultimately project work has
implemented in some engineering schools [16]. Obviously there are challenges in covering
all aspects of the curriculum and in timetabling and resources which require creative
solutions +for example students could be divided into different groups to select from a
variety of project investigations which they would then teach to their peers.
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ACTIVATING A SECOND YEAR MEASUREMENT LAB SEQUENCE

Rick Sellens

Department of Mechanical and Materials Engineering
4XHHQTV 8QLYHUVLW\ DW .LQJVWRAQ

ABSTRACT

MECH 215 is a core measurement course in Mechanical and Materials Engineering at
4 X HH Q Tverstpwith a lab component intended to maintain active learning skills fostered
in the common first year program. In contrast to cookbook labs it is more process focused
and drives student engagement through several active learning techniques. The learning
objectives of a typical undergraduate lab experience are often undermined by the conflicting
objectives of completing the task as quickly as possible while producing a good mark. The
MECH 215 sequence intentionally reduces the complexity of the lab content in order to focus
on the process and require active engagement in the measurement activity through several
simple techniques.

X Incomplete information is provided in the lab material. Students are required to
discover necessary characteristics of the available equipment and make independent
decisions in order to meet the objectives.

X Just in time delivery of knowledge is provided in several ways. The students work in
small groups within a larger lab plaza, so discovered information travels peer to peer.
TAs and a faculty member monitor progress and deliver assistance only when
students have hit a roadblock.

X Planned failure is incorporated into the activities with the expectation that some (or all)
students will not get high quality data or flawless instrument performance.
Overcoming these problems exercises critical thinking and engineering decision
making skills in the lab environment.

X Multiple paths to a successful outcome exist for the activities. Students have choices
to make in how they use the available resources.

The paper outlines the sequence of activities with specific examples of the application of
these principles in practice and illustration of the flow of measurement concepts. This
approach to giving labs provides some efficiencies of scale from having many groups active
on the same activities at the same time, but also requires more faculty engagement in the
delivery. A cost comparison between delivery methods in the same environment is made,
showing that substantial advancement of CDIO syllabus objectives can be reached for little
or no incremental cost.

KEYWORDS

Measurement, Laboratory, Cost, Active Learning

INTRODUCTION
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For the past generation lab activities included in a typical North American Mechanical
Engineering curriculum have involved only slightly more active learning than the typical
OHFWXUH DVVLIQPHQW H[DP FRXUVHV WKH\ DFFRPSDQLHG
focus on the demonstration of some physical principles developed in a lecture course by
making measurements as reliably as possible on a mechanical system such as an IC engine,
then completing some analysis and comparing the results to the idealized models derived in
class. Characteristics of these labs include:
x A well integrated test system, with good quality instrumentation installed
professionally to provide reliable data.
x Data display and recording systems pre-programmed and pre-wired for efficient and
consistent performance.
x Lab documentation with detailed specifications of the hardware, instrumentation, and
software involved.
X Step by step operating instructions to guide the students through the measurement
process, and often the analysis phase.
These characteristics succeed in providing all students with a similar experience, exposing
them to operation of a real system while collecting enough good quality data to analyze,
producing predictable results that support classroom instruction. The well integrated package
and detailed instructions allow the students to complete the lab activity in as little time as
possible with minimal additional instruction or supervision and a very limited chance of failure
at the task. Productivity is high by typical measures that focus on what content is taught,
rather than on learning outcomes as in the CDIO approach [1].

Unfortunately, these seemingly positive characteristics also lead to some negative results
with regard to learning outcomes:

X There is a significant amount of effort and expense involved in creating the integrated
lab package, so they tend to be the same from year to year even as they become
outdated.

X Running the same lab each year allows the students to pass down their lab reports as
DLGV WR WKH QH[W \HDUfV VWXGHQWYV RU IRU RXWULJKW
outcomes make difficult to detect.

X Labs in support of lectures are generally aimed at linear, steady or periodic
operations that can be adequately described analytically in class and easily
measured. Ignoring the non-linear, transient performance that is often important.

X Cookbook instructions do not require any engineering skills or knowledge to follow
during the lab session, and provide no decision making options, limiting student
engagement and thus reducing student learning.

X Learning objectives are further undermined by the conflicting objectives shared by
both the students and the TAs delivering the lab. Both would like to complete the task
as quickly as possible to move on to something else, and both would like the result to
produce a good mark for the undergraduates. The result is even more streamlining of
the lab process so that the undergraduates move through it as quickly and smoothly
as possible, leaving with all the data required for the analysis, but little understanding
of the how the results were achieved, or why.

The first two can only be thoroughly addressed by changes in resources and rewards
associated with the lab activities. Resources alone are not enough without motivated faculty
to make new activities part of the program. This paper addresses the approach to and
experiences with reducing the last three by creating a linked sequence of labs with variable
outcomes, engaging students through incomplete specifications, decision making as part of a
team, and active assembly of the test equipment.

LAB SEQUENCE
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The sequence of labs in the course is designed to flow in conjunction with topics addressed
in the lecture portion of the course, however the labs also build on each other, carrying tools
and concepts from one lab to the next.

Lab Zero: Labview was added to the sequence to provide students an opportunity to get
familiar with simple Labview programming and operation for data acquisition and is a TA
guided implementation of a simple virtual instrument (V1) that they will use throughout the
sequence to record transient voltage data.

Lab One: General Instrumentation  has the students work with and compare the features of
simple bench instruments like a digital multi-meter, analog oscilloscope, and computer data
acquisition (using the VI developed in lab zero) by using them to measure the output of a
signal generator, battery voltage and resistance of ¥ watt resistors. Emphasis is on
uncertainty, sources of error, and sampling rate requirements.

Lab Two: Temperature Measurement uses the instruments from labs zero and one to
measure the behaviour of thermometers, thermocouples and resistance temperature
detectors (RTDs), and introduces the wheatstone bridge for measuring small resistance
changes. Emphasis is on transient response and developing a first order model.

Lab Three: Stress and S train uses a cantilever beam load cell to develop the idea of
calibration for the characteristics and accuracy of a measurement system. Strain gauges in a
wheatstone bridge give a near instantaneous response while the physical system mass and
stiffness determine the second order dynamic response of the complete system.

Lab Four: Position Measurement repeats the calibration process with a rotary
potentiometer then introduces the effects of noise in extracting measurements of angular
velocity and acceleration from the raw position data. An additional segment has students
determine the measurement capabilities of a complex system by examination of the output.
GPS units and an optical position tracker have been used.

Lab Five: Pressure and Flow has students using a water manometer and solid state
pressure transducers to measure steady and transient pressures, and then to measure the
static pressure from taps on a small piping system driven by a vacuum cleaner. Pressure
drop in the pipe is measured, as well as start up and shut down transients.

This sequence provides an opportunity for students to learn some important concepts in
measurement and testing as well as the physics of the system behaviour. They encounter
physical phenomena from previous or current curriculum which they can analyze, as well as
elements like heat transfer they do not yet have the theoretical tools for. It can be carried out
with inexpensive, uncomplicated equipment. It can be implemented in just about any facility,
although a purpose built facility like the lab plazas in the Integrated Learning Centre at
4XHHQYY > @ SURYLGHV DQ LGHDO YHQXH 8QIRUWXQDWHO\ L
students to complete all the necessary measurements for each segment and be out of the
lab in half an hour, having learned little or nothing while actually in the lab. That streamlining
is eliminated by actively engaging students in the process through the structure of the activity.

PREPARATION

Lab Zero prepares the students for the idea that they will actually be thinking and acting
during the lab periods, while working in a group of three or four. A clear set of step-by-step
instructions is provided to create a VI and test its functioning. This segment was only split off
from the general instrumentation lab when we realized just how many sub-functional
outcomes were possible from those instructions. As a separate segment there is time for
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each student group to debug their own VI to produce a tool they will use in all of the other
labs. Students introduce personal elements as simple as names that give them ownership of
the tool.

ACTIVATION

Labs one through five are distinctly different in being more open ended and lacking step-by-
step instructions. Students must make their own decisions on how to achieve the
measurement objectives and how to determine when those objectives are met. That includes
completing all instrument connections themselves, and fabricating some of the test
equipment. These elements allow students to take multiple different approaches to the
measurement task, and because multiple groups are working alongside each other in the
same space they learn from interactions between groups taking different approaches. This
can be best illustrated by examples.

In lab one students move around the room with DMMs measuring the results achieved by
other students. The result is student motivation to maintain quality in comparison to their
peers and a unique data matrix to analyze for overall uncertainty in the process. They identify
connections to make from device spec sheets and experience errors with poor or reversed
connections after stripping insulation from the wires to make those connections.

In lab two each student starts with a short length of thermocouple wire that must be welded
to make a junction and then connected in various configurations of measurement and
reference junctions. They experience recoverable failure in their welds, with highly variable
results. Groups that rush to complete the measurements see that their circuits of twisted wire
connections cause them reliability problems even in the short term compared to those who
solder the joints or use terminal blocks. Their constant reference temperature is provided by
placing the reference junctions between two bricks with liquid crystal temperature strip,
resulting in a different, uncontrolled reference temperature on different days (Figure 1).

Figure 1. A simple system for connecting thermocouples and providing a reference
temperature between two bricks. The LCD strip provides an imprecise reference in the
uncertainty analysis. The burn mark on the left is evidence of student soldering in the lab.

In lab three each group glues strain gauges to a cantilever beam, then solders leads to the
gauges, with an eventual success rate of about 95% +we keep a beam in reserve for those
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decide where to put the gauges on the beam and in which orientation.

Calibration of the load cell is performed by applying various weights held in a bucket, or
otherwise (Figure 2). The students are not provided with reference weights but must use text
books, lumps of scrap steel or anything else available and weigh their materials on a digital
scale. They obtain irregularly spaced calibration points and must make their own decisions
about how many are enough.

Figure 2. In the strain measurement lab students first glue a strain gauge to the aluminum
cantilever beam, then solder leads to the gauge. This is made somewhat easier by the larger
pads on Intertechnology student gauges. The beam construction allows easy clamping to a
bench and the notch in the end of the beam allows suspension of a bucket or other objects.

In lab four students are challenged to measure which among them can turn the
potentiometer knob at a most nearly constant angular velocity. In converting voltage to
angular velocity they must first find a suitable circuit and then find a way to numerically
differentiate the results without amplifying the noise too much. They discover some scheme
(usually a moving average) to low pass filter their data.

In lab five they see a slow transient response from a manometer responding to a balloon
popping step function (Caution: some students have a bad reaction to popping balloons so a
warning and accommodations may be necessary) and a slow transient response from a solid
state pressure transducer monitoring a vacuum cleaner running down and need to establish
instrument response as distinct from system response.

In lab two students are simply asked to measure the time response of a thermometer
suddenly dunked in hot water. They must decide how to measure time, how often to take
readings, how long to take readings, and how to accomplish this as a group =it is difficult to
manage timing, reading and recording alone.
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Throughout the sequence they are measuring voltages or resistances that they must convert
to other units through calibration factors they have determined themselves. There are many
ways to assemble circuits of these low voltage components, most of which are harmless and
offer learning opportunities in the debugging. We have explicit checkpoints where damage
might result and have added small resistors to the wipers of the potentiometers to prevent
outright shorts, but generally encourage students to test their ideas and learn from the
experience.

GUIDANCE AND CONTROL

All of these uncertainties produce different responses in different students and each group
and situation needs a different response from instructors. Active learning requires active
guidance and control to recognize differences and respond appropriately, in ways that are
usually beyond the capacity of a typical graduate student TA. The lab sessions must have
supervision from somebody like a faculty member, adjunct, or senior technical staff member
to keep things on track.

Some groups are all business, have read the materials in advance, come in and complete
HDFK WDVN TXLFNO\ DQG IXOO\ DQG SUrRit® keCause theyGdw/ QHHG W
already achieved the learning outcome goals somewhere else.

Some groups are ill prepared but ready to try anything. They will complete some sequence
that comes close to meeting the objectives, but may not recognize that their data are
inadequate until long after the lab session when they go to write up.

Other groups are hesitant to try anything for fear that it may be wrong and would prefer to
wait for an instructor to do it for them.

Those three descriptions are almost caricatures in their generalization, however they

represent a large portion of the class. When things are going well the instructors will

checkpoint the first type of group to make sure they are on the right track and compliment

them on their preparation. The second group will notice that things are going well for the first

group and will probably incorporate some of those techniques when their own first attempts

GRQYW ZRUN RXW VR ZHOO 7KH WKLUG JURXS PD\ VWDUW WKFE
nothing really bad has happened to groups one and two. If the population in the lab section is

IDLUO\ EDODQFHG WKHQ WKLV SURFHVV ZLOO WDNH OLWWOH LQ\
of well prepared and competent groups, then the instructor needs to initiate and guide the

process.

The eager, but ill prepared groups need to be redirected to recognize what they are missing
and think a little more before acting, while the hesitant groups need to be encouraged to try
out a few well considered actions to test what works, and if there is time, the businesslike
groups need to be encouraged to try some other possibilities beyond the specified objectives
to see what else they can learn from the situation. The result is rather like herding cats,
however 2 TAs and a faculty member can guide a section of 10 to 15 student groups through
these activities in two to three hours per lab segment.

COSTS

Our typical classes are on the order of 150 to 180 students. In a traditional lab offering a
faculty member would be responsible for reviewing the lab equipment preparations, briefing
and supervising TAs and delivering an introductory lecture for that lab to place it in context.
Two TAs would then supervise the class as they completed the lab (typically 1 TA to 3
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groups at a time) and mark the lab reports. The sequence of six labs would be spread over 6
faculty to distribute the load. The result, in addition to preparing the labs, would be 12 to 18
faculty contact hours and 12 TA term contracts at 60 hours each for supervision and marking.

In this active learning model a single faculty member would be responsible for all six labs to
maintain continuity, and would attend all lab sessions, typically with 8 to 12 student groups
per 2 to 3 hour session and 5 or 6 sessions per lab. TAs would each support all six labs
through the term to spread their load. The result, in addition to preparing the labs, would be
60 to 90 faculty contact hours and 6 TA term contracts at 60 hours each.

The active learning approach requires less total personnel time, but requires considerably
more time from a faculty member or similarly qualified individual. The six additional TA
contracts translate to about $15,000 in our environment, which is similar to the cost of hiring
and adjunct faculty member to teach the lab portion of the course, but somewhat cheaper
than the cost of assigning it as core teaching load to a tenure stream faculty member. TA
budget is often seen partially as graduate student support and comes from a different funding
stream, making it more attractive to use TAs. Additionally, in tight economic times the
tendency is to eliminate as many flexible costs as possible, including adjunct teaching
positions. Finally, splitting the task between 6 faculty only adds a minor load to each faculty
member which may not show up in accounting resource requirements. The result can be a
bias towards delivering labs in a traditional cookbook format with limited student engagement.

The simplicity and intentional crudeness of some of the measurement devices allows
assembly of many sets of equipment at minimal cost. Although a purpose built lab plaza
provides a wonderful venue for this and other activities, this approach was first developed in
large empty room with simple plywood benches and it worked very well there.

CONCLUSION

A sequence of labs can be delivered in a more activated form with more faculty involvement
if the institutional will is there. The actual cost is similar, especially if the faculty member
involved is an adjunct or other teaching focussed instructor. Student engagement is
increased by adding obstacles to simple measurement tasks, however timely intervention is
necessary to keep challenge from spilling over into frustration. Further assessment is
required to determine formally if this active approach produces the better learning outcomes
we observe anecdotally.
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ABSTRACT

This project was a collaborative effort by the Department of Mathematics and Science, the
Library and the Educational Development Unit of Singapore Polytechnic. The primary objective
was to help students sharpen their research skills and rectify statistical misconceptions through
clarification of ideas. The secondary objective was to develop their confidence in interpreting
and synthesizing information for classroom sharing. A total of 51 students from the Diploma in
Information Communication Technology and the Diploma in Computer Engineering participated
in the project. The study adopted a team-based approach whereby learning activities were
designed around a common theme and the whole learning process took place within the library.
Upon the completion of the learning tasks, the students then gathered in the O L E U Mdda] V
Viewing room to present their findings. After the sharing session, students were asked to blog
about their experiences. All these activities were candidly captured on video so that students
could reflect on their learning. The whole exercise not only reinforced their fundamental
knowledge in data collection and data analysis, it also enhanced their interest in learning
statistics. Most importantly, the students enjoyed learning in a new environment and they were
able to relate mathematical learning to real life applications.
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research skills, statistical misconceptions, team-based approach, library, real life applications
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INTRODUCTION

This project involved an integration of active and experiential learning, which was in line with
&',2€E 6WDQGDUG R Q $.FAdtiLeYlehrdingDdBf€yed@rdm traditional teaching in that
students were required to do meaningful learning activities and in the process, learnt to think
about what they were doing [1]. The benefits of active learning could be two-fold [2, 3]. First, it
allowed students to examine questions that were both fundamental and pragmatic. Second, it
eliminated the need to study the effectiveness of every instructional technique. The essence of
active learning lay in the introduction of student activity to promote student engagement so that
they could develop a deeper understanding of important ideas [4]. According to Soh [5],
students learnt better through exploration, interaction and working collaboratively with others.
Engaged learning could be carried out through active involvement, especially if students were
given the opportunity to show what they had learnt. The role of the teacher was more to
generate maximum participation, and to encourage them to search for solutions by getting them
to ask questions. In sum, active learning helped learners gained ownership of their learning
experience and made them aware of the desired learning outcomes.

CREATING WORKSPACE FOR ACTIVE LEARNING

The creation of an active learning experience at the library also satisfied &',2E& 6WDQGDUG RQ
Workspaces. Educational pedagogies described the creation of spaces as a tool for
empowerment and liberating student voices. Based on this epistemology, Povey [6], a British
mathematical educator, identified three characteristics for creating a good mathematics

classroom. They were:

1. The learners made the mathematics.
2. Mathematics should involved thinking about a problem-centered curriculum.
3. /HDUQHUVY GLIITHUHQFH DQG LQGLYLGXDOLW\ VKRXOG EH UHV

On the discussion of student voice and participation, Gustavson [7] proposed the concept of
creating classroom as 3paces of P XW XD O (Z R&INto develop authentic relationships of
living mathematics. This shift required teachers to share their mathematical passion with
students as in our everyday lives. One way to do this was to integrate mathematics with issues
in our communities and help students develop the mathematical skills and concepts necessary
for their applications in real life [8]. Helfenbein [9] also addressed the importance of finding new
ways to support the creation of mathematical place so that students could engage in meaningful
and purposeful exchanges while they spent their time there. According to Lefebvre [10], we
could think of the concept of space as not in the space itself, but more on what was particularly
important about this space of learning and teaching that we were creating with our students. To
enact and create meaningful space, we could focus our thinking on some critical features of this
space that would make the experience metaphorically analogous to the space itself. Lefebvre
[10] reckoned that student participation could take on different forms. For example, we could
divide students into small groups and leave what and how they produce it to the group to decide
themselves. Alternatively, we could structure the space into class time periods where students
take responsibility for their learning without the teacher directing the experience. In either way,
the challenge was to ensure that learners were engaged in creating their understanding of the
workplace itself.
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DESIGNING AN ACTIVE LEARNING EXPERIENCE

How we relate to the space would determine how we would be experiencing that space. Hence,

a major part of the design procHVV ZDV LQ ILQGLQJ D ZRUNSODFH VR WKDW
learning statistics could be heightened. According to Freeman [11], the library functioned as an

extension of the classroom for students to engage in collaborative learning and refine their

critical thinking. The library was also chosen for the following reasons:

1. It allowed students to take on learning assignments that were modelled after a real life
environment.
2. It had a rich source of information and ideas which could facilitate the teaching of

descriptive statistics.

3. The ready stream of library users created opportunities for students to engage in
meaningful dialogue and conduct face-to-face interviews.

4.  The Media Viewing zone provided a good setting for reflective critique and feedback from
both peers and facilitator without disturbing other users.

To ensure that learning activities could be completed within the planned curriculum hour,
students were divided into four groups and ea