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Abstract - Growth in the UK Construction Engineering  class. However, it has previously been suggestat ttie
Industry has lead to unprecedented enrolments of methods of teaching CAD is required to change itepito
students across a range of Higher Educational (HE) remain effective with students being at the cemtfethe
awards at Wolverhampton University. Recognizing the learning experience [2]. By adopting this concept the
role that Design Education has on Construction teaching of the technical CAD concepts, the modklable
Engineers, the School of Engineering and the Built to cope with increasing numbers of students whilst
Environment encourages all students to study a yeat  attempting to provide rewards that are more initirend
Architectural Computer Aided Design (CAD) course. allowing the academic staff to provide a greatentmeng
With a population approaching 200 on this practical role in relation to the underlying architecturalsig topic
based course, staff concentration is evermore fooed on  [3].

CAD skills acquisition to the detriment of Design

Principles and Processes. CURRENT DELIVERY MECHANISM

This paper presents a review of the current mechaam of A large number of Level 1 students’ who are cutgent
delivery of the module which has been reviewed to studying architectural, construction and productsigie
identify how e-learning can best be employed to s@ courses, commence their computer aided design estudi
specific problems of large cohorts. Based on theser  learning 2D CAD skills by undertaking the moduleT2004
requirements obtained from students and academic aff, Fundamentals of Computer Aided Architectural Design

a new approach is developed that provides e-learrin  Courses utilizing the module include:

mechanisms for the key module competences. Live . BSc CAD and Construction
handouts were developed and a method of allowing e BSc Architectural Visualisation
students to put together an online ‘webfolio’ of wdk «  HNC/D CAD and Construction
undertaken within the module. .

BSc Architectural Design Technology
. BSc Interior Architectural Design

. HNC/D Building Studies

. BSc Building Surveying

. BSc Civil Engineering

Index Terms — Architectural, Computer-Aided-Design,
Design, E-Learning

BACKGROUND

Weekly lecture and tutorial schedules are tailobgdthe

individual lecturers to the needs and progressi@fstudents

within each group. Academics liaised informally hwithe

module leader and their colleagues on the progréssach
roup, and the tutorials / examples used were wadeto
nsure parity and consistency across the iterations

The application of Computer Aided Design (CAD) vwiith
design, architecture, construction and industry éxgmanded
rapidly in recent years. A significant number othitects
and other stakeholders within the construction stigunow
produce designs using a CAD based system |[1
Subsequently, the Architecture and Product DesiyAD))
Department within the School of Engineering and Budlt ~ The module currently consists of a combination arfirfal
Environment (SEBE) has experienced rapid growttithia lectures and practical workshops. Students were bl
numbers of students seeking to study CAD, in paldicthe access the lecture notes via handouts distributedaah
Level One Module AT1004 Fundamentals of Computedecture. A series of tutorials and working exersigmabled
Aided Architectural Design 1. the students to progress the theory on actual wgrki
drawings, building a portfolio of drawings throughe
The large number of students wanting to study t#DC module. Whilst this delivery mechanism has had some
module is providing several issues centered arafafling  success the anticipated increase in student nurpbejected
and facilities within the department. The incregsiumber over coming years will require a new methodology fo
of students taking the module has lead to a reonint for  delivery of the module. The department has embarked
more staff and a greater number of iterations ef same developing an ‘e-learning’ approach to the moduigt will
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allow students to learn the technical concepts imae
autonomous way.

USER REQUIREMENTS CAPTURE

In order to best identify the requirements of tlesvrsystem,
both a questionnaire survey and focus groups wer
undertaken. These were divided into 2 sets, tatiiyesalient
issues relating to both students and academicretefis.

The academic staff highlighted some key areas atem
with the current methodology of delivering the migdu
which would need to be addressed. One significeed awas
the student’s lack of knowledge and understandihfoov
CAD is applied to architectural drawings. Due te thigh
number of students taking the module, the classrse wow
focusing on teaching the technical principals ofBCrather
than the application of the tool to architecturakign. This
was a removal away from some of the key learningaues
of the module and as such was required to be asklie¥he
large overall group size was also creating a dicamt
variance of knowledge and understanding betweettests.
Subsequently, this has lead to difficulty in reviegv and
analyzing the progress of large groups with mixédits.
Due to the large group size, the cohort had beddeti into
4 individual groups and a concern over the contynand
parity of learning across the lecture iteratiorsoarose from
the academic staff.

Based on the outcome of the academic staff foomspgy; the
key user requirements for the academic staff detigethe
module included the development of key ‘stage-gate
exercises to an e-learning methodology and there@ment

of students’ knowledge and understanding of archital
drawings and how CAD is applied to this paradigm.

In addition to the requirements of the academidf,sta
questionnaire was devised to obtain student inptd the
new proposed approach. The questionnaire obtain
information pertaining to how students perceivedl itiodule
at the current time and how elements of the modpkrated.
In total six sections were defined in the quest&re and
these included:

Student demographic — a wide range of studentsgake
in the module with a diverse age range and stuttgqa
Additionally, students study the module in differen
locations and various time slots within the weekisT
information was obtained to view potential skewtlie
results with respect to age and cohort.

The Learning Environment — This allowed the revigfv
whether students were able to interact with theisas
due to ability to see the Audio-Visual equipmendan
included any specific problems they had with the
software used during the teaching.

The Current Learning Handouts — This reviewed wéeth
students were able to follow the existing paperetdas
handouts. This also reviewed whether studentszeiili
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the electronic versions of the handouts (in pdiiat)
that were available on the current virtual learning
environment.

The Lecture Delivery — This reviewed how lecturesrev

delivered and allowed analysis of different lectatgles

e to be reviewed and analyzed to identify specificbems
that occur due to multiple iterations.

Previous CAD Skills — This allowed the previous

knowledge of the software tools and concepts to be

reviewed in conjunction with the previous responses

Current CAD Skills (Self Assessment) — This allowed
students to provide a self assessment of the dkidy
thought they had developed through the currentseour
structure.

Students who had recently completed the module asked
to complete the questionnaire on a retrospectivasband
complete the questionnaire based on previous exqess.
Additionally, students who were currently undertakithe
module were asked to complete the questionnairedbas
their experiences to date. The questionnaire wagiged to
current students in the final half of the modulel &o their
ongoing experiences could be recorded. In totaspanse
rate of 87% was achieved from all students who deteg
the questionnaire. The questionnaire utilized ar-foint
Likert scale for responses that elicited a rangesonses to
the questions. A simple percentage based analyas
undertaken on the questionnaires to determine tlst m
significant responses, which could then be furtiesiewed
towards the development of the e-learning approach.

The students identified several key requirememntshe new
e-learning approach. Students reiterated the neextdess
handouts/taught material online in order to cordirtheir
learning outside of the lecture or tutorial. Studemlso
'gentified difficulties in the current methodologwhen
earning fundamental CAD concepts such as layerd an
coordinates. Some paper exercises had been degelope
which had been of assistance to students; howether,
transformation of these concepts into a digitalhtégue
would provide a better method of understanding. The
application of CAD to architectural design was Higifted

as a key limitation in the current approach andgaificant
student requirement was a method to bridge thebgapeen
CAD concepts and architectural design using refd i
examples.

PROPOSED APPROACH

Based on the user feedback and in conjunction with
dedicated focus groups, a new proposed approach was
developed that would enable key CAD concepts ttabght
through an ‘e-medium’ to large groups of studerithis
approach would allow students to develop the tech@AD

skills required through a ‘stage gate’ e-learnimpraach,
whilst leaving academics time to concentrate oratt@ption

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



and implementation of the technical CAD skills to CO-ORDINATES
architectural design Absolute / Relative / Polar
Co-ordinate Systems
The new approach will implement 5 key learning klothat > Concept Explanations & Visuals
will form the core of the technical teaching of thrdule > Teaching Materal
. i X udent Exercises
(Figure 1). These ‘e-learning objects’ would forret >  Student Formative Assessments:
backbone of the e-learning strategy, around whiehdther
teaching and learning requirements would be deeslagmd
incorporated v
) ) ) ) LAYERS
From a detailed review of user requirements, it feasmd . .
that students are able to learn the direct commaedded to < %Qgﬁi%%g';’:g'ons & Visuals
operate the CAD system with relative ease (for eptarthe > Student Exercises
button pushed to draw a line on the plan). Howestigents 2 SR R U T e e,
L . > Exercise and Quiz
struggled with 4 key concepts that underpin the CAD (Computer Aided Assessment)
process. The use of coordinates is a key theoigréating
accurate drawings, however many students fail &smrthe
concept of drawing to a coordinate system. v
- N BLOCKS
Similarly, students found it difficult to grasp tlencept of . .
layers to control the view of a drawing and howeliaycan be ; ?ggccﬁlz‘ EMXF;L?;;IIIO“S & Visuals
used to build up a complete drawing from a range > Studengxercises
constituent parts. >  Student Formative Assessments:
> Exercise and Quiz
e . L . . (Computer Aided Assessment)
The utilization of ‘blocks’ of objects within CADeasign is
key to generating efficient files, however as acklés an

abstract concept and may not in itself generatengty,
students had problems understanding the conceislly
the issue of scale presented concerns as studerttsught to
draw using digital units of 1:1, which then need ke
converted / scaled in order to be printed out.

The e-learning objects will provide students withnsfCAD
specific exercises that cover the concepts rattemn t
software specific operations. This was a conscitersion
taken during the development of the proposed apgproa
ensure that students obtained a deep understanditige
concepts, which could then be applied to a variety
specialized CAD software packages.

However, students are still required to learn hdve t

concepts are implemented within a specific softwaré Design

package. In the case of this study, the studesatsegjuired to

implement the concepts using AutoCAD software.
Therefore, CAD specific exercises are provided tha

consolidates the concepts in a practical applinatigor
example, the coordinate learning object is conmkdte
students drawing a line between two known poinisguthe
coordinate values provided.

Within each of the key elements, the use of a Cderpu
Aided Assessment based ‘quiz’ will be used to timt
knowledge of the students on the concepts coverdhei e-
learning object.
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PLOTTING
Model Space & Paper Space / Viewports /
Scaling / Plotting

Concept Explanations & Visuals
Teaching Material

Student Exercises

Student Formative Assessments:
Exercise and Quiz

(Computer Aided Assessment)
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COMPUTER AIDED DESIGN 3D
SIMULATION :

Examples of Uses in Architecture and Product

COMPLETION
of MODULE

FIGURE 1
REVISED MODULE APPROACH

A further key issue raised by the academic staf§ wee
ability to formatively review the progress of suahlarge
cohort of students. In order to facilitate this eypf
assessment, the new approach proposed the deveibphae
‘stage-gate’ approach, which only allows studeatadcess a
more advanced topic once a preceding one has been
successfully completed. Each of the e-learning abjevill
comprise a formative quiz at the end of the sestian if
completed successfully will allow the student togress to

the next level. The quiz contains multiple choiagestions
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based on tasks completed during the previous phase
students are required to answer all the questiongdly in
order to proceed to the next level. Questions ar@dnand
contain some theoretical questions such as thaitiefi of
coordinate systems and some questions that shoeradev
solutions to a problem. An alternative question vahoa
range of commands and asks students to selectotinect
command to complete a task.

ON-LINE TECHNIQUES

The University of Wolverhampton has adopted a dedit
virtual learning environment (VLE) called WOLF (the
Wolverhampton Online Learning Framework). This kitol
will provide the vehicle for the delivery of the gmosed
approach (Figure 2).
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FIGURE 2
WOLVERHAMPTON ONLINE LEARNING FRAMEWORK(WOLF)

This internet based VLE provides students with th

opportunity to access information at any time amday to
the University success in achieving the ‘Learn Amgt
Anywhere’ strategy. The teaching material for |égnthe
technical CAD commands will be developed, utiliziag
combination of computer generated images and “@dend
textual explanations. The research has startedet@lop

animated handouts which show students a video basg

tutorial to assist in understanding the steps reduio use
the software (Figure 3).
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FIGURE 3
ANIMATED HANDOUT VIDEOS

Additionally, in response to the concerns of theudeers and
their request to improve the students lack of keolge and
understanding of architectural drawings an addiion
teaching and learning resource is being generaide:
University of Wolverhampton has recently adopteaveb
folio system called ‘Pebblepad’ which allows studeand
lecturers to develop; share and critique work invatual
space (Figure 4).

This environment provides the students with a resowf
information, whilst tasking them to research andnga
greater understanding of architectural drawings laod the
technical CAD skills obtained may be implementedhimi
architectural design. The site is still under depetent and
it is envisaged that this portfolio will provideglementary
e-information for each of the learning sessions.

Options

&5 e Hsl

Exploring Architectural Drawings

[introduction] [Task| [process| [Resources| [Assessment] [canclusion

Introduction

The 'AT1004 Fundamentals of Computer Aided Architectural Design 1'
module introduces the student to Computer Aided Design and its use
within design, architecture, construction and product design

This workshop / webquest explores and provides the student with an
understanding of architectural drawings: -

« how they are created by hand or using CAD.

+ what they represent,

o how they are used within the workplace.

Knowledge and understanding of architectural drawings is a
fundamental element of the module.

FIGURE 4
ONLINE PORTFOLIO UTILISATION

The web portfolio also provides students with thdity to
upload CAD work and share this work such that ityrba
critiqued by peers and / or academic staff. Toebd#cilitate
this formative method of feedback, the module wiilize
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‘peer mentors’ who will act as a critical friend the REFERENCES

students. As this module is studied at level onethsf

undergraduate degree program, final year students al[l] Anon, “Construction Product Information — DelivéPyeferences and

postgraduate students will be used to provide feekiton Trends”, The Barbour Report, 2001
design work undertaken. [2] Asperl, A, "How to Teach CAD! Computer-Adied Design and
Aplications Vol 2, No 1-4., 2005, pp 459-468.
FURTHER WORK [3] Cuthell, J, P, "Virtual LearningPhD Thesis, ISBN: 0754617769

The work is currently ongoing and the system i¥ stider
development. However, the team has already began to
identify further areas of work that will further leemce the
system. The system is due to be rolled out to dafivof
undergraduate modules in September 2007 and faltpwi
this a review of the existing and proposed methogiek can

be undertaken (however it is noted that there mmifcant
variables to be taken into account such as diffecehorts

and varying skills sets within the cohorts).

The department of Architecture and Product Design i
currently leading the investigation into the desigmhysical
spaces used for e-learning within Higher Education
Institutions (HELI's). It is envisaged that theses tstudies
will link to provide an integrated solution for edrning that
not only encompasses the technological aspectlbatthe
physical space required. This is key to the dejivefr ICT
based design modules where some elements of tlasyl
require CAD tools whilst still needing access to reno
traditional architectural design based informatsuch as
plans and physical models.

The final stage of the e-learning objects speciiireHigure 1
are further being enhanced to bring 3D models it
teaching of construction details and how these timkhe
CAD representation. Within the UK, it becoming more
difficult for students to visit construction sités see the
physical representation of there CAD drawings aadas
alternative methodology is required. This studprisposing
the utilization of high level 3D and 4D (3D + Time)
simulations to demonstrate to students how thereD CA
designs / details are converted into architectpraducts.
This will negate the need for site visits whilstl troviding
students with a visual representation of the cootitn site.

The project research team is also currently ingasitig how
CAD is integrated into the design process. Curyentl
students are taught the concepts of 2D before tmloged

to progress to generate 3D CAD models. One area of
investigation is to reverse this process with stisléearning

to create designs in 3D first and then abstract 3be
representation into a 2D form.
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