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Abstract

Refurbishment of a shopping centre is thought to be one of the most challenging projects
for a building services engineer (BSE). Many projects are unique nature, and client
requirements frequently changeé in an unpredictable manner. The tracking of original design
intent, which is essential for decision-making when reviewing design change, is frequently a
frustrating task. The design activities of a typical shopping centre improvement project
“undertaken 'by a multi-disciplinary project team of the Hong Kong Housing Authority are
investigated. Research experience in different areas that address the issue of complex
problem solving, as well as collaborative design, is also referenced and scrutinized. A
literature survey in the hypermedia field indicates that hypermedia is an appropriate
environment for collaborative tasks. By _bringing togethei’ these research results and
previous studies in the application of hypermedia for preliminary building services
engineering design, a conceptuél model of a fourlevel architecture that represents the
collaboratlve design activities for developing a client’s brlef of a shopping centre
refurtnshment project is proposed The challenges and opportunlties of the hypermedia
paradigm such as the author-reader relationship and the compatibility between information
type -and informaiion container, which gives rise to the identification of key functions
necessary for realization of the conceptual model into a prototype model, the Collaborative
Design Hypermedia Model (CDHM), are explored. Various types of hypermedia authoring
tools have been considered and HyperCard using Macintosh OS is chosen for the
implementation. The CDHM prototype is evaluated using real project inférmation. Project
“team members who participated in.similar practice design work reviewed the model. The
concepts and arguments that support the construction of COHM have also been presented
in three different International conferences as well as one construction IT journal. The
majority of the feedback is supportive and positive. In conclusion, hypermedia is a
pragmatic option that points to a direction for developing collaborative design tools in

building services engineering applications.
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CHAPTER ONE



Chapter 1: Introduction

1.1 Background

This thesis documents the development of a computer-aided tool that is intended to assist a
building services engineer collaborate with his project team counterparts in other
construction disciplines, in the process of formulating a client's brief for a construction
project. Anecdotal evidence suggests that an unpredicted request for design change could
result in higher project costs. it has been reported that the tendency to squeeze the design
team’s fees reduces the level and quality of the resources allocated to the project, which
gives rise to incomplete tender designs. The result is often a delay in the project with a
subsequent claim for loss and damage [Carter, M., 1999]. Financial loss may be reduced if
the amount of unpredicted design changes can be minimized. The cause of any
unpredicted design change is at least twofold. First, there is a genuine need from the client.
For example, shopping centre design changes resulting in a much larger cooling load to be
provided b;; the landlord. Second, where ar; incorrect design option is used (probably by
mistake) resulting in a design change to rectify the inconsistency. The first case is normally
beyond control under normal circumstances. Any attempt to predict changes is bound to be
fruitiess when considering the uncertainties that may arise in meeting the ciient’s aspiration
as well as social norms. While prediction is unlikely to yield any useful solution o the
problem, the next alternative is to keep the praobability of misinformation as low as possible
and to shorten the turn-around time for any design change. In order to investigate the
nature of the problem and to explore the feasibility of the various alternative approaches to
improve the situation, refurbishment of a shopping centre has been chosen by virtue of its

complexity as a typical case study.

Design changes warant subsequent revision to a client’s brief to reflect the major design

requirements. Therefore, the research project begins with the analysis of the design



activities of a typical shopping centre refurbishment project undertaken by a multi-
disciplinary project team of the Hong Kong Housing Authority. The Hong Kong Housing
Authority (HKHA) is one of the largest developers in Hong Kong in terms of the commercial
portfolio, i.e. over 932,000 m? in over 110 shopping centres [Hong Kong Housing Authority,
2000]. The HA Report also reveais that this commercial .portfolio generates an annual rental
income of over $4.7 billion with approximately $400 million spent for improvement to these
shopping centres each year. Hence it can be seen that 1% saving in the improvement
project cost implies a gain.of £4 million. Clearly there is é definite financial advantage in
looking for possible means to help shorten the turn-around time for processing design

changes and to minimize any unnecessary abortive work or rework.

Recently, collaborative design has been suggested as a suitable approach to reduce the
complexity of deéign problems. “The need for collaborative decision-making in construction
is amply demonstrated by the proliferation of research projects in concurrent engineering
that are dedicated to such project as product data exchange, integration of product and
process models, and workflow management.” [Ugwu, et al 2000). Clearly the authoring of a
design brief is a group activity. Conventional design software seldom expects a multi-user
scenario in a simultaneous manner. Web-based commercial packages that claim to
facilitate collaborative working (such as Cimage) [Cimage NovaSoft, 2000] are essentially
document management systems. (The term "collaborative” may have different meanings as
far as implementation details are concerned.) Nevertheless, the collaborative working

environment has to be dealt with if the real world situation is to be considered.
1.2 Research objectives
There are four main research objectives. First, the design procedures of a shopping centre

refurbishment project are thoroughly investigated with a view to identifying critical activities

and information types as far as the role of a building services engineer in a coilaborative



working environment is concerned. Second, the characteristics of hypermedia, including its
strengths and weaknesses, are analyzed with regard to its suitability in representing the
information identified in the first objective. Third, based on the results of the first two
objectives, a conceptual collaborative design model will be constructed. Finally, a prototype
mode! has to be built and evaluatéd against the main theme. and argument, i.e. the

feasibility of processing coltaborative design in a hypermedia environment.
1.3 Methodology and scope of research

It has been suggested that increasing recognition of the value and appropriateness of
qualitative studies (vs. quantitative studies) has emerged with regard to research in
disciplines which lie between the natural science and social science, notably management
of technology and engineering [Fellows & Liu, 1997]. Fellows/Liu further point out that one
" of the most commonly adopted approaches to the analysis of qualitative data is grounded-
theory that seeks to develop theory out of the data collected during the study. They
consider that a hypothesis is inappropriate for a qualitative study which seeks to carry out a
'~ fundamental investigation to identify what is occurring such as observing behaviour in a

highly novel envirgnment.

Pursuant to the above argument, a qualitative approach is adopted for this research project.
The behaviour of the project team members is observed in respect of how they exchange
design information. The management or the application of the hypermedia techndlogy also
comes under this research project. In this-connection, no formal hypothesis is defined at the
beginning of the research. Data that is related to the collaborative design activities of
shopping centre refurbishment projects, has been collected and analyzed using the
techhique of analytic induction. According to Fellows/Liu, analytic induction is a step-by-step
process of iteration and evaluation. Initially, the issue is defined and potential explanations

and relationships are developed. Further instances or samples are investigated to analyze



how well the hypothesized explanations and relationships apply. Such iterations continue
until the hypotheses suit what is found in the data at a suitable level of statistical

significance in appropriate cases.

The approanﬁh of analytic induction echoes Bono's view with regard to the analysis of data.
Bono considers that the creator of new ideas must do a lot of “idea work™ in his or her mind
and then check out these ideas against the data, just analyzing the data is not enough
(Bono, ED 1990]. The documented procedures described in the existi;'ng system and
deéign records of typical projects will be the instances or data set against which different
ideas are checked. Besides existing data, coﬁcepts that have been established in previous
research with regard to the application of hypermedia for preliminary building services
design will be tested against the data [Lee, Y.C., 1995]. ldeas from other researchers into
hypermedia will also be examined with a view to supporting or refuting explanations of the

latest data set.

The extent of the research is broadly broken into two main streams:
O the collaborative design process on the refurbishment of a shopping centre and
0O the characteristics of hypermedia in managing design information in a collaborative

manner.

The first item covers the activities that range from the incipient conceptual design to the
conclusion of a client’s brief when detailed design is about to commence. The delineation of
these research boundaries is based on the perception that all subsequent design, whether it
~ is a tender drawing or a specification, hinges on the client’s brief. It means that any dispute
over the appropriateness of a design item will be interpreted with reference to the client's
brief in a way similar to the situation where a building design is checked against a building
code. In other words, the entire refurbishment project is governed by a client's brief and this

forms the basis for all subsequent information management protocols. However, the



activities and processes under investigation will be confined to those adopted "by the Hong
ang Housing Authority for two reasons. First, collaboration patterns may differ in different
organizations that have dissimilar cultures. Consequently data collected from other
organizations could result in an over-complicated mission, difficult to manage within the
scope of a single research project. In addition, the commercial portfolio of HKHA is itself

significantly large to justify dedicated research independent of other undertakings.

| Tﬁe second item requires much eléboration regarding the exact meaning of hypermedia. In
its simplest form, hypermedia may be considered as merely hypertext that provides non-
linear connection between pure text documents. The recent profiferation of the World Wide
Web (www) has.triggered debates on whether www is treated as a hypermedia system or
not. Immediately it gives rise to the question that should the choice of the Internet
environment be included in this research project? in order to limit the scope of the research
within reasonable boundaries, the investigation will, initially, be limited to exploring the most
basic form of hypermedia first. Subsequently, the relevance of the Internet will also be

examined.

1.4 Literature survey

The literature survey is carried out in line with the two main streams that have been defined
for the scope of the research project. Therefore, the first two keywords to be searched are
“collaboration” and “hypermedia”. The search_ is extended to words and phfases related to
“collaboration” including collaborative design, concurrent engineering, etc. “Refurbishment”
is also searched, which brings the study into another area about life cycle costing.
References to complex problem solving, agents and system thinking have been discovered.
Concepts identified from these references play a pivotal role in the formulation of the

problem.



With regard to hypermedia, related terms that have been searched include hypertext,
multimedia, HyperCard, authoring tools, etc. The combination of these two main streams of
search did result in papers that cover both areas but the resulting number is relatively small
in comparison with those addressing the conceptual modelling of hypermedia data. Search
results when combining the term hypermedia and building services engineering and/or
refurbishment was limited. The literature survey also indicated that little work has been
undertaken in the building services engineering field with a direct relationship to the
research project. As a result, the area of search is broadened to cover experiences from

other applications, such as decision-support systems,
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CHAPTER TWO



Chapter 2: The“design process of building services

engineering systems for refurbishment projects

2.1 Design philosophy

Shopping centres comprise a diverse range of building services engineering systems, such
as electrical power supply and distribution, lighting, air-conditioning, vertical -transportation,
‘ﬂre services, water pumps and plumbing, security, public address, telecommunication, etc.
Major maintenance and replacement of these facilities is a nuisance and is a cause of great
disruption to the tenants and customers of the shopping centre. The life expectancy of
different systems frequently vary. Therefore it may not be viable to schedule the
replacement work in such a way that all work will be carriéd out within the same period
although this would minimize disturbance. As a result, the building services engineering
systems are normally refurbished as a single project independent of other trades. Under
such circumstances, the design building services engineer (BSE), who plays an active role
.in the refurbishm;ent process, will produce a desié;h that is mainly system- or dist;ibution-
oriented with minima! co-ordination with the building's fabric. This lead to litlle or no

significant collaboration effort between the BSE and other professional disciplines who also

contribute to the operation and maintenance of the shopping centre.

Notwithstanding that the BSE may have his own agenda for maintaining building services
engineering systems, it is inevitable that for larger scale refurbishment work, other
contractors may be involved. In most cases the building work contractors co-ordinate with
the building services contractors to provide building supporting work [Kwok, S.T. and Lee,
Y.C. 1998]. The fact that each building services engineering system would require a
specialist contractor further complicates the co-ordination problem. The relationship
between the working parties may be characterized as ‘many-to-many mapping’. For

- example, the fitting-out of false suspended ceilings requires the close liaison of contractors

-1



of four different trades including the false ceiling specialist, air-conditioning, fire service and
electrical contractors. The co-ordination of the respective contractors mainly focuses on the
programme of their work as well as the actual construction details. However, all these
efforts will fail if the design concepts of the architect and that of the building services
engineer do not tally. In this particular case, the designed purpose of the area under the
false suspended ceiling will dictate the lighting layout which in turn dictates the type of air-
conditioning and fire services. This information should be precisely conveyed to all design

team members during the early design stage.

Evidently the BSE has to liaise more closely with other works professional in the case of a
maijor refurbishment project for an entire shopping centre. The design intent as well as the
justification for any proposed modification to the existing design of a shopping centre has to
be explicit in order to ensure there will be no conflict between the different systems. In other
words, refurbishment of a shopping centre strongly exhibits features that warrant the

adoption of a collaborative approach.

As far as a BSE is concerned, his primary task is to provide an adeguate level of services
commensurate with the intended purpose of a particular area within the built environment,
in this case a shopping centre. It is noted that building services engineering design is
governed by various well established design guides, regulations, codes of practice, elc.,
such as the IEE Wiring Regulations [The Institution of Electrical Engineers, 1991] and LPC
Rules {Loss Prevention Council, 1999]. Junior engineers who may lack experience and
conﬁdencer frequently adopt a “black box” approach when applying design softwares of
these design rules [Gilleard, J.D. and Lee, Y.C., 1896]. For example, they may only focus
on the correctness of the calculations of the buitding services engineering systems' in
respect of these rules yet miss the major target, i.e. to satisfy the design intent in relation to
the purpose of a building, or the project objective. Thus, the client’s satisfaction would he

undermined when a BSE has a perspective different from those of a project architect and



other project team members regarding the intent of a design, Figure 1, Clearly there is no
simple way to assess how much a design engineer understands the project's objectives.
Not until the day when something goes wrong will such misunderstandings and

shortcomings be uncovered.,

The traditional practice of adopting ruled-based or parametric design technigues by a BSE
has béen reviewed and critiqued in previous research [Gilleard, J.D. and Lee, Y.C., 1994]. It
has be;en found that the representation as well as the interpretation of t}me design intent of
conventional design softwares is inadequate. It is also suggested that BSEs should dispel
the feeling that they are systems designers who simply fit engineering services into the
preformed shell [Berry, J., 1995].7 The fact that decisions by other disciplines have a major
impact on BSE's work is often overlooked. The situation is further aggravated in the case of
refurbishment projects of larger scales where the client's requirements may not be well

" defined at the outset of a project.

The above arguments suggest that the traditional design philosophy adopted by a BSE may
not be able to survive the complex situation encountered in refurbishment projects, in which
the design problems are not adequately defined. BSE typically works with design codes and
rules, which are readily accessed through many commercial software packages and
computer-aided design tools. These tools can handle complicated mathematics and
iterations for well-defined algorithms. However, they may become ineffective when
ménagiﬁg information in complex and weakly structured domains typically seen in
refurbishment p_rojects. In contrast, a hypermedia advice system has been proposed
against the requirements of the “kiosk systems” where the information are found within

complex and weakly structured domains [Beane M., et al., 1996].

It is therefore suggested that hypermedia could be an alternative paradigm, e.g., a

computer-aided tool may be developed to assist’a BSE in handling collaborative design



tasks typically seen in refurbishment ;firojects. In this connection, the design activities of a
project team in Hong Kong Housing Authority {HKHA) are studied. This team is responsible
for the refurbishment of the shopping centres managed by HKHA. The analysis is focused
on the preliminary design stages, i.e. from the feasibility study to tender document
preparation. The relationship between a BSE and other project team members, as well as

the information flow, is critically examined.
2.2 Design procedures
221 Design considerations

The HKHA is the largest landlord in Hong Kong in terms of the total area of retail space. 1t
has a portfolio of 6ver 110 shopping centres as indicated in Section 1.1. The iﬁtemal floor
area (IFA) of each centre ranges from a few thousand square metres to over ten thousand.
Many of these centres were built decades ago when the Hong Kong Government started to
develop new towns in the sub-urban areas. Some of them are located strategically along
main traffic routes such as railway lines and therefore business is good. However, most of
them are des}gned 1o serve local residents without any significant inflow of customers from
other areas. It is not uncommon to see that many facilities deteriorate and the shopping
centre designs seem outdated in comparison with the recently completed ones.
Consequently, business turnover of thesé shopping centres tends to reduce. Hence, the
HKHA has a policy of regular scheduled refurbishment projects basis in order to maintain

their commercial viability.
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Being a government body, the HKHA has to be accountable to the public with regard to the
policies that govern the management of these shopping centres. Questions have been
raised from time to time as to why a certain amount of monéy is spent on one shopping
centre and not on others. HKHA top management has a strong desire to operate these
shopping centres in full compliance with the business norms of the private sector, i.e. no
subsidy to the shop tenants. However, the HKHA has found it very difficult to convince the
public that-‘business-is-business‘ and the HKHA has no social obligation to t;ear the risk of

any {oss to the shop tenanis arising from the changing commercial world.

In this connection, any refurbishment proposal has to fulfil criteria in at least two major
aspects, i.e. commercial viability and consistency with the.sgciai norm expected of HKHA.
Clearly these two elements may conflict with each other and as a result the outcome of a
refurbishment proposal might not be precisely predicted during the planning stages in terms
of the final scope of work. For example, where it is suggested that a central air-conditioning
system be provided to an existing shopping centre which has been designed with natural
ventilation in common areas and tenants providing their own air-conditioning systems. The
purpose is to | enhance its competitiveness with neighbouring commercial premises.
Obviously tenants have o pay an extra charge to cover the air-conditioning cost. There are
cases where tenants denied they were obliged to share these costs fully, and where the
politicians wére more than happy to support the tenants’ stance. As a result, the
refurbishment plan had to be modified by deleting the air-conditioning option in order to
maintain the commercial viability of the refurbishment plan. The requirements of the project
are normally summarized in the form of a client’s brief. Because of unpredictable changes,
tracking of the design variations is possible only when a client's brief has been clearly

documented.



2.22  The client's brief

The HKHA was the first Government Department in Hong Kong to acquire SO 9000
certification in respect of its quality assurance systems in the construction and maintenance
of public housing [Gilleard, J.D. and Lee, Y.C., 1998a]. Procedures of all major works
relating to the design, construction, operation and maintenance of housing are. stipufated in
the form of quality manuals. These manuals clearly identify procedures regarding the
respon51ble persons, the purpose of an action, the approving authority, etc. Such
documentation attempts to ensure a consistent performance of an individual officer
irrespective of his experience and background. On the other hand, these procedures may
be seén as a management tool that could be harnessed by the top management to monitor
the proper implementation of their policies. As far as refurbighment of shopping centres is
concerned, the monitoring is realized through a three-tier authorization hiérarchy, which is

responsible for the vetting of a client’s brief.

The three-tier system comprises: =

+ the case conference in which all project team members meet to agree upon all major
improvement items,

« the Shopping Centre Improvement Committee (SCIC) who endorse the improvement
proposal as agreed in the Case Conference. SCIC is represented by top officials of
HKHA, and |

s« the Commercial Properties Committge (CPC) which would give final approval to the
improvement proposal and is made up of members appointed from the private sector in

addition to top officials of the HKHA.
Once the SCIC and CPC have approved the client’'s brief, any subsequent amendments to
it may not be implemented without going through the same authorization cycle again.

Obviously such an arrangement is not ideal in terms of the flexibility necessary for any

Ir-7



project in which project conditions may be proné to frequent alteration. Therefore, a client's
brief could be regarded as a‘constraint set against the design of the project team on the one
hand, and it may act as an agent to facilitate the collaboration of the project team on the
other. In other words, ali project team members can work on the brief together. This allows
everyone in the team to visualize the project objectives and design intent more clearly. In
consideration of a pragmaﬁc approach in resolving the lack of flexibility of the three-tier
authorization system, the project team should endeavour to improve the quality of the
information represented i-n the client’s brief. - That is to sag;, if SCIC and CPC members are
able to understand the background and justifications of any proposed change to a design
brief, they will approve it more readily. As a result, the project team might be more effective

in responding to design changes.
2.23 The work flow

The authorization process of a client’s brief under the three-tier system is shown in Figure 2
* which is documented in the quality manual of HKHA. Besides the building services engineer
(BSE), the project team (PT) is also made up of representatives of other disciplines such as
the maintenance surveyor (MS) and the structural engineer (SE). These three disciplines
collaborate to advise the client on the condition of the existing facilities as well as the
feasibility of meeting the client’s requirements. The client is represented by the housing
manager (HM). This process is in fact a subset of a master procedure that consists of four
stages:

+ feasibility study and scheme de§ign,

+ formulation of client’s brief,

s detailed desién and

+ tender documentation.



HM, MS, BSE, SE and local management carries
out feasibility study on the Improvement Proposals

v

MS invesligates technical feasibility in consuliation
with BSE and SE

Proposal
disagreed

MS consults HM and local
management for
[mprovement Proposal

.o"/‘
/
= Proposal
agreed

MS and BSE prepare cost ¢stimate, proposal
drawings and study model, and irplementatton
programme

v

HM arranges viability test

+ -

MS and BSE present proposal in case conference

v

MS, BSE and HM jointly prepare SCIC paper
consolidating the cost estimate of building work and
building services for endorsement

SCIC
endorsed

Yes

Required
informing
cpC

CPC requests
further study?

No
[ Client's brief established
Legend:
HM: Housing Manager MS: Maintenance surveyor SE:  Structural engineer
BSE: Building services engineer CPC: Commercial Properties Committee

SCIC: Shopping Centre Improvement Committee

Figure 2. The formal work flow.



In a simple and straightforward case, the design work would progres§ through these stages
in a linear manner as shown in Figure 3. However, it is an over-simplified picture, which is

easily illustrated by taking a walk-through to a typical refurbishment project.

Feasibility study Formulation Detailed Tender
and of .
conceptual design client’s brief > design Documentation

Figure 3. A four-stage design process.

Normally, the housing manager (HM) who represents the client, initiates a project by putting
forward the client’s requirements, which might include additional retail space andfor the
addition of major new facilities such as central air—conditio;ing (A/C). Subsequently, the
design team (BSE, MS and SE) responds to the HM's enquiry on the technical feasibility of
retrofitting the centre. If the answer is positive, and subject to certain conditions being
_satisfied - such as an additional transformer room being constructed in order to meet the
additional electrical loading arising from the new A/C piant- the work progresses. However,
an opinion survey conducted by the HM might suggest that the majority of the shop tenants
would decline to b:ear the extra cost of the centrai AIC. Therefore, in this case the client’s
brief submitted to the SCIC did not include central A/C. However, the decision of the SCIC
suggested that the project team should revisit the option of providing cent'rai AJC with a view

to maintaining the competitiveness of the centre in the next decade. Inevitably, the project

team has to go through the authorization cycle again, Figure 4.

The four-stage process basically provideé a macro view of how a client’s brief is authorized
as well as the major milestones in administrating a contract in the pre-construction phase. It
does not show the relationship between the PT members regarding the way that they

communicate with each other. The flow chart as shown in Figure 2 also suffers from a major
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drawback in that it lacks the representation of design intent. The system does not

encourage clear articulation and documentation of the development of design concepts.

< A 7 N
| [ I |
v W/ W |
Feasibility study Formulation Detailed Tender
and of

conceplual design

client’s brniefl

design

Documentation

Figure 4. Backtracking of design activities.

224 Managing design changes

Changes in design are not rare in construction projects. For a new building, design change

can be fracked relatively easily because all changes are based on a blue print that

‘essentially contains all the project information and data. As for a-refurbishment project, the

lack of accurate information regarding the conditions of an existing building frequently gives

rise to much uncertainty. So too the order in which the refurbishment work is undertaken.

This uncertainty leads to confusion.

" There are at least three factors that may undermine the PT to promptly respond to a

request for design change:

» lack of survey data regarding the existing conditions of the building fabric and facilities

resulting in poor quality of the design information,

e .any change or variation of design to be agreed by all PT members: a time-consuming

process yet critical to subsequent development of design and

« unpredictable change requests and very short response time allowance.
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The key issue in handling these design changes is that any variation should be duly
authorized. This is to ensure that they are not in violation with the principie laid down in the
client's brief approved under the three-tier system. As such, the poor quality of design
information could delay the PT checking the proposed design change because more time is
required to verify any information from an unidentified source. The need to consult all PT
members further complicates the process because different design opticns may arise from
having to incorporate comments from various members. A change request taking place in
an unpredictable manner or ;Nith a minimum of advance wérning imposes tremendous
‘pressure on PT members. Short turnaround time also leads to higher chance of making a
wrong decision. Moreover, the situation is more acute if the project is at a very late stage

when information proliferates and tracking a specific information item is much harder.
2.3 Financial considerationé

Using inconsistent information (or misinformation) frequently causes two major problems.
First, extra project time is required in order to rectify any work undertaken which is not in
compliance with the approved brief, i.e. abortive work. Second, such abortive work incurs
extra cost because it is not the contractor's fault and therefore a variation order has to be
iésued. The delay in completion also has indirect cost implications. Where additional retail
space is to he built in the refurbishment project, the delay would also give rise to loss of

rental income.

For exa_mple, assume a-refurbishment project will provide an additiongl retail space of
2,000m? at a project cost of approximately $90 Millions Hong Kong Dollars. The estimated
rent level is $300/m?. Therefore, upon the completion of the project, the shopping centre in
question will have an additional rental income of $600,000. per month. When a project is

delayed by six months, the total loss in rental income will be $3.6 millions, which is
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equivalent to 4% of the total project cost. The actual loss could be higher if the cost of the

abortive work is taken into account as well.

Conversely speaking, if the overall project cycle time can be shortened, there is a financial
gain by virtue of earlier intake of the new retail space, i.e. advanced rental income. Broadly
speaking, the cycle time of a refurbishment project is about three to four years depending
on the scale of the work. Assuming the construction time required is fixed, the only way to
advénce the project completion date is to improve the efficiency of thé project planning, i.e.,
complete the four-stage deSign process earlier. In principle, this can be achieved by
minimizing the amount of backtracking under the four-stage process and the three-tier
authorization system. Alternatively, introducing an effective processing system for design
changes would reduce turnaround time and possibly efiminate abortive work where

practicable.
2.4 Common faults in processing design information

Any faults in the processing of information may lead to a delay in awarding a contract
and/or completion of a project. The actual occurrence of these faﬁlts can vary in different
situations. For the purpose of this research project, the generation and recording of design
and project-related information, which'is to be analyzed, is confined to the pre-construction
phase. Nevertheless, it is obvious that the adverse effect of any incarrect or poor quality
information arising during the pre-construction period will certainly be reflected inthe design
stages as we‘ﬂras the subsequent construction stage. Shoftcomings occurring _during the
design stages normally have a less unfavourable effect provided they can be checked
during the four-stage process, i.e. there is still float time to change a design. A typical
example is the missing or incorrect setting of the builder's work requirements for major
building services engineering equipment. This can still be resolved if an appropriate amount

of “prime cost sum™ has been allowed in the main building contract. There are also cases
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where the building layout has been 6hanging so frequently and abrup;tly that the BSE may
have adopted a wrong version in preparing his own drawings. This sort of fault happéns
more frequently at the end of the design stages when the amount of design information

multiplies.

If incorrect design information is left unnoticed until the very late stage, e.g., when the final -
completion date is imminent, the situation will be critical. For example, in one recent project
a water feature had to be overhauled during the improvement of a shopping centre. The |
main contractor mistakenly removed the whole water feature. This work was never
. endorsed by the three-tier authorization system. However, the project team has no choice
but to seek retrospective “covering” approval. On the other hand, if a project has to be
inspected by the Fire Service Authority prior to formal cgmpletion, the crucial design
information lies in the consistency in the building plan submitted to the Fire Service
Authority against the as-built layout. Any failure in the inspection would again delay the
project. Another exampie is where a building that has been built in full compliance with the
fire service regulations. Howevef,‘ part of the premises being built-have never been shown
on the building plan submitted to the authority. As a resuit, the Fire Service Department
inspection is failed because of the inconsistency regarding which part of the shopping
centre is to be included in this improvement project and the subsequent inspection. Such
shortcomings may happen when an improvement project has been carried out over a
prolonged timeframe, which is usual practice for refurbishment projects because work sites
cannot be readily avaifable unless proper arrangements are made to setile the sitting
tena_nts. Clearly such a problem can be easily solved before hand if a correct client’s brief

is available to the project team.
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2.5 The problem

The behaviour of a BSE has been analyzed in the carrying out of design tasks. For system-
or distribution-oriented design (typically seen in projects for replacement of building services
engineering systems only), the BSE main challenge is to satisfy the established design
codes and rules, to which he is accustomed. As regards major refurbishment projects such
as those encountered in shopping centres, a BSE may not be adequately equipped to
collaborate with other parties of a project team. He may have to adjust mind set that
prevails in traditional building services design work, i.e. designing in isolation from other
disciplines. Also, he lacks the tools that would enable him to organize design information
and the subsequent sharing of this with his counterparts. An appropriate tool or protoco! is
necessary to rationalize the authoring as well as management of the design information in

consideration of the cost benefit arising from the possible reduction in the project cycle time.
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CHAPTER THREE



Chapter 3: Collaborative design and hypermedia

3.1 Primary information elements

It has been stated in Chapter 2 that the request for design change may arise in an
unpredictable manner. As such, it may not be possible to construct a model that might
predict any of these changes accurately. Clearly, the flow of information among project
“team members as well as that between different stages of the design process, is not
sequential. 1t gives rise to the hypothesis that the flow of design information in collaborative
design environments may be readily represented in hypermedia, which is understood to be
an effective medium for organizing non-linear information flow. To this end, it is necessary
to identify what are the- information, different types of inforfation and their relatiqnships,

specific patterns in the exchange of information, etc.

As mentioned previously, a BSE normally focuses his design work in compliance with rules,
regulation; and standard specifications.; Naturally, these become the aﬂrst batch of
information to be managed by a BSE. Also, he has to conduct a condition survey for the
shopping centre that is to be refurbished. The conditions of the facilities and building fabric
would normally not have any drastic variation during the design period. Hence, the survey
data is typically considered as a constant. However, the norm and expectation of the
community may have implications for a decision regarding the standard of ﬂﬁishes and
types of facilities to be provided. The norm should be fairly steady within a certain period of
time. These three batchés of information share one common feature, i.e. they can be seen

as background information that will remain fixed within the design period.

Fixed data is basically static and can be termed ‘standard information’ that is unlikely to be
tampered with by other project team members. However, a BSE has to receive and

consider proposals raised by other PT members. Hence, the proposal is checked against
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the fixed data or standard information, which forms the basis for the BSE to determine
specific design requirements. Improvement proposal may have to be modified in order to
satisfy some constraints arising from the specific design requirements. Whe’n the design of
the refurbishment' plan is developing, the proposal essentially becomes a variable data set.
Clearly there are two distinct types of information elements by virtue of their change status
relative to a BSE, i.e. the fixed and vériable data sets. By connecting the elements as
previously described, a basic information model can be constructed to represent the

primary activities that a BSE would carry out in his collaborative design process, Figure 5.

Revised

[mprovement
Improvement

proposals

Specific
Design
Requirements

Proposals

Engineering Existing Sacial and
Design Condition of Paolitical
Standard Shopping Background
Statutory centre
Reauirements

Standard Information

Figure 5. The basic information model.

The development of the basic information model may result in a framework that represents
the design intents as well as the project objectives. Hitchcock proposed 'a‘ similar modei for
life cycle costing of building where three primary informational elements are required to
represent the design intent: project objectives, a product model of the design and design
context assﬁmption [Hitchcoqk, R.J., 1995). Project objectives are the stated performance
goals that a particular building design is attempting to achieve. The product model is a
complete detailing of the physical components of a building and dynamic operation of the

building systems such as the air-conditioning control system. Context assumptions define
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the operating environment within which the building has been designed to achieve the

stated objectives, such as design cooling load to size an air-conditioning system.

The proposed basic information model resembles Hitchcock's model. The improvement
proposal plays a role simitar to that of the project objectives by defining the expected results
of a refurbishment project, i.e. the performance goal. Both the standard information and
contextual assumptions set the constraints as well as boundary conditions of the new
ds;sign. Finally, the specific design requirements are comparable-to fhe product ‘model,
which is the most explicit representation of the proposed design prior to the completion of

the tender documentation stage.

A simple example illustrates the concept of the basic information model. A client's brief
typically states: “to providé central air-conditioning to all common areas of the shopping
centre”. This statement can be categorized as an improvement proposal or project objective
under Hitchcock's definition, which forms a part of the variable data set. On the other hand,
the weather data, cooling load assessment formula and environmental constraints on the
selection of a chifler plant are the fixed data set or standard information having an
equivalent purpose in the design context assumption. The improvement proposal must be
validated against the standard information before the specific design requirements can be
determined, and in this cése, the focation and size of the proposed chiller plant (the product

model).

The proposed BSE basic information model can be adopted by other project tegm members
as well. The exact content of the elements of the model for respective PT members may
vary. Yet their functions are essentially the same. Clearly these models must be connected
in one way or another. The quest for these connections has to be conducted in a more

global manner in order to obtain a picture that may reflect real situations more closely.
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3.2  Collaborative design and bomplex problem solving

The connections or relationships between basic information models of respective PT
members have to be identified. Notwithstanding the similarity of these models, each PT
member will undertake a decision making process based on his understanding of the
project requirements and, very often, according to his own practice. It is generally agreed
that decision making is a goal-directed activity that involves a Wide range of cognitive
operations and that the.specific process and strategies employed by individual decision
makers can vary widely [Frensch, P.A. and Funke, J., 1995]). As far as a refurbishment
project is concerned, the approach adopted by an individual PT member in resolving an
agreed improvement proposal with other member may not be readily defined. Such
uncertainty is also seen in many other problem solving situations, which Pohl would treat
them as “complex problems” [Pohl, J., et al, 1997]. Pohl advocates ‘serious’ development in
computer-based decision-support systems to assist decision-makers to face the challenge
arising from the dynamically changing conditions typically seen in complex problem

~ situations. .

Pohl has also suggested more than half a dozen functional features that a computer-based
system should have in resolving complex problems. The most outstanding feature is that
flexibility should be built into the user-interface so that the human-computer partnership can
evolve in directions and capabilities that cannot be predetermined at the outset. His
rationale is that “The human decision maker brings a complex interplay of many cognitive,
motivational, personal and social factors into the human-compute_r partnership. Most of

these factors are poorly understood .. that are still largely undeciphered.” [Pohi, J., 1997]
A refurbishment project may be characterized as is a complex problem where “the

complexity of design does not appear to be due to a high level of difficulty in any one area

but the multiple relationships that exist among the many issues that impact the desired
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outcome.” [Pohl, J., My-éArs, L. and Chapman A., 1994].:- If flexibility is the answer for’ a
complex problem, the next question is how flexible should a computer-based system be? A
simple answer is that a “canned” design solution is definitely not suitable or where the
problem-is well defined. For example, assume complaints have been received stating that
“the room is not bright enough”. The “canned” solution would be to input the dimensions
and the required illumination levels and the quantity of lighting fixtures according o a
predefined algorithm. However, very often rlhe problem of poor illumination can be attributed
to many 'othe-r factors such as the deteriora;ion of the lamps, dusty walls .that reduce
reflection of the light, user's expectation, etc.- Conventional design software packages can
by no means exhaust all the factors, whose numbers are never known in real situations,
Figure 6.

It can be seen that even for a very simple problem, the number of solutions tend to
proliferate as the number of factors to be considered grows. These factors are in fact the
manifestation of the partial real-world conditions. The perception that real-world problems

are frequently complex and less well defined is also shared by Checkland and Scholes?
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Figure 6. “Canned” solution of a problem vs. Sclutions for a changing problem.

3.3 Real-world situation

The soft system methodology (SSM) theory suggested by Checkland helps to erganize
‘messy’ real-world situations. SSM 'is promised on the basis of system thinking: “the
system’ is no longer some part of the world which is to be engineered or optimized, ‘the
sys-tem' is the process of enquiry itself’ [Checkland, P. and Schaoles, J., 1990]. SSM is
highly defined and described but is flexible in use and broad in scope. Checkland argues
that the ‘sensible user' of SSM will involve other pecple in problem solving. SSM is
intrinsically a collaborative approach. As such, from the perspective of SSM, the
refurbishment of a shopping centre may be seen as the defining of a methodology to model

a collaborative design process that lacks a regular form.
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Acéordihg to SSM, ‘pur.poseful activity systems’ of the problem under consideration have to
be named. These are termed ‘root definition’ expressed as a transformation process in
which some entity, the ‘input’, is changed, 6r transformed, into some new form of the same
entity, the ‘output’. A mode! of the problem is derived from the root definition, which can be

compared with the real-world situation. The root definition is made up of six elements:

c custorner the victims or beneﬁciarie.s of T
A actors those who would do T |
T transformation process the conversion of input into output
w Weltanschauung t‘he worldview which makes this T meaningful in context
O - owners those who could stop T and
E environmental constraints  systerm which it takes as given.

A model to establish the CATWOE specific to this situation or the root definition of a
refurbishment project may be developed. The root definition stipulates the core purpose of
-the activities system. The core purpose is represented in a transformation process which
transforms ‘input’ into ‘output’, both of which are of the same entity but in different forms.
Therefore, in SSM terms, an existing shopping centre that is deteriorating (input), through a
refurbishmeht project (transformation process T} becomes a brand new one (output).
However, this ‘T" is not meaningful enough as it lacks the reason why a brand new
shopping centre is necessary. As discussed in Section 2.2.1, a refurbishment proposal has
to satisfy two major criteria, i.e. commercial viability and consistency in social norm as
expected of HKHA. In this connection, there are at least two further scenarios of ‘T’ other
than the one just mentioned, Figure 7. The first one is clearly the main concern of HKHA.
Commercial viability could mean that HKHA will recoup every dollar spent in the
refurbishment of a shopping centre by virtue of increased rental income. A trivial case of
commercial viability is that the scale of the refurbishment is so small, avoiding any risk of

failure to secure additional rental income, that the project can only be considered as
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maintenance work instead. Therefore, the first scenario may not be able to convey the full

meaning in respect of the purpose of upgrading the shopping centre.

Es ks
not commerclally - | o m— commercially |

7 7
Tenants expect | u Tenants have [t

¥ 5

better c:'opping = g D':'|> better shopping %
centre atsame |, tentre at same |
rent level by rent level K
A, R P AT =-v‘;.i,$ o SR, S TR ~

Figure 7. Two different scenarios of ‘refurbishment project’-T.

The second scenario is entirely from the perspective of the tenants and is very unlikely to
be the only idea to be adopted. Nevertheless, these two different .ideasrshare one common
goal, i.e. to keep the cost of enhancing the attracti\.v‘eness of a shopping centre as low as
possible. Clearly both HKHA and the tenants may enjoy a ‘win-win' situation if the overall
project cost can be lowered. Therefore, a critical goal is identifying activities that contribute
to-any saving in money terms. 1t corresponds with the argument, as articulated in Section
2.5, ihat the problem is to make available an appropriate tool or protocoi to rationalize the
management of the design information in consideration of the cost benefit arising from the

possible reduction in the project cycle time. Under such circumstances, the ‘T° may be

redefined as follows, Figure 8
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Figure 8. Alternative transformation process perceived.

In other words, the core purpose of all the project team members collaborating together is
perceived as the acquisition of a design information set that can be retrieved more quickly
in comparison with conventional practice. On the basis of the perceived T', other elements

of the root definition can be determined.

The housing manager HM represents the client, and thus receives information/ services
provided by the BSE. Yet, the development of a design brief inevitably involves all other PT
members who assume the roles of sender as well as receiver of design information. Hence,
it is justifiable to treat all PT members as customers ‘C’ as well as acters ‘A’. The worldview
‘W of all members is represented by the three-tier authorization hierarchy explained

previously. It is the most significant background to warrant the need of ‘T’; i.e. enhanced

information quality to satisfy the three-tier system.

By introducing the three-tier hierarchy into the root definition, it may be argued that the
owner ‘0O’ should be the Commercial Properties Committee (CPC), a group that has the final
say in accepting or rejecting any client’s brief. However, “T’ as perceived is not to pursue
the approval from CPC. The primary function is to develop a set of design infermation that
can be readily accessed. Since T’ can be stopped by anyone from the project team - they

rely on each other for the sharing of information-, ‘O’ should include all PT members.

Finally, there are many existing constraints that may impact the outcome of ‘T'. In order to

keep the argument simple, only those with the most profound effect are considered. The
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current desigj'n p}actices and procedures constitute the framework for the formation of a
client's brief. It is not expected these will need any significant modification arising from the
proposed ‘T'. Therefore, these procedures are taken as °‘E’. The root definition is

summarized as follows:

a C: BSE, HM, MS, SE
O A: BSE, HM, MS, SE
o T: acquisition of design information set that can be retrieved more quickly in

comparison with that of conventional practice

o W: the three-tier authorization hierarchy
o O: BSE, HM, MS, SE
O E: existing design practices and procedures -~

Thus CATWOE, perceived as a ‘would-be’ real-world situation, forms the theoretical
reference for the construction of the model that describes how the information may flow
“throughout the collaboration process in preparing the client’s brief. A different version of the
CATWOE was discussed and presented during the early phase of this research [Gilleard,
J.D. and Lee, Y.C:, 2000]. In this earlier work ‘T' has a different interpretation of the real

world. Both definitions identify different parts of the world or reality.

34 Preliminary collaborative design model

From the establishment of the basic information modei; the discussion has been directed to
an appreciation of real world situations described by Pohl and Checkland, where ane view
is cqmplementary to the other. The root definition represents the results of the analysis of
the design activilies of a 7refurbishment project at pre-construction stage. The common
aépirations of both HKHA and the tenants in pursuit of a better shopping centre at a lower

cost is contermnplated in a different dimension, i.e. the study of design information flow in
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respect of the development of a client's brief. The SSM study has provided a clear focus
with regard to the purpose and direction of further analysis. There are more sophisticated.
forms of SSM in respect of the construction of a process model. However, as far as this
research is concerned, subsequent development is not directly related to the more
elaborate SSM concepts;, which are too specific when compared to the development of the

proposed information system and model.

It has been argued that ihe BSE basic information model may be applicable to other PT
members, at least in terms of its framework. It is accepted that the content within each
primary information element of the specific basic model may vary. However, equally there
are areas where they do .overlap each other. For example, the ‘social and political
background’ and ‘existing condition of shopping centre’ should be a common set for all four
models. However, as far as the collaborative design activities or the perceived ‘T' is
c:oncerned, the standard information or fixed data set does not play any active role in the
process. It may be seen as the private area of the individual PT member, which can be
-segregated from the main information flow. If this is the case, the other two primary
information elements (improvement proposal and specific design information) are the major
‘ingredients’ that constitute the flow. They are the 'variables’ of the process and the
algorithm that governs their development is not possible at this level of the study because
each PT member is an individual decision-maker, who himself may not be able to predict
ﬁis next move. It may be argued that the collaborative design work is essentially an
authoring exercise that calls for original ideas and input. By no means does it resembie any
thing like the games of playing chess or ‘majong’, which havé highly defined rules of game.
Under such circumstances, the number of alternatives that a player may choose for his next
move can be calculated (by computers of course). In other words, the next alternative is to
map out variable connections. It can be seen that all these variables will merge eventually
to form the client's brief. Therefore, a preliminary collaboration model is suggested, Figure 9.

The model is constructed by connecting all basic information related to PT members in a
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parallel configuration to form a close loop. The parallel arrangemént implies that each PT
member (to a very large extent) independently handies his own design' during the.
collaboration process. On the other hand, a closed loop provides. a mechanism to resolve
disagreements. In theory, any ‘revised improvement proposal’ will be passed back to each

PT member seeking approvalf alternative solutions.

However, the preliminary collaboration model does not suggest how the different
improvement proposals may be combined into one solution agreeable to all members. By
merging all the improvement proposals submitted by respective members, the combined
proposal becomes a ‘mixture’ of proposals. This proposal may be unfeasible given the
potentially conflicting ideas arising from the different ‘ingredients’ that have been mixed.
However, the combined proposal forms the basis for subsequent collaboration between
members on which further options will evolve. The improvement items contained in the
combined proposal may also exist in three different modes with regard to the status of
acceptance of these itgms that are suggested by respective members. These three modes
are known as “complete agreement”, “no agreement” and “no‘comment”. The classification
assumes that the data structure of the combined proposals is a simple one. That is to say, it
may consist of a simple statement that may be readily assigned with a straighiforward
affirmative statement (or not). However, in reality, a proposal will consist of an array of

statements that represent the improvement design.
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For the time being, a simpler version of the classification is assumed in respef;t to the three
modes mentioned above. Refeiring back to Figure 9, ideally after one or more rounds of
iteration.‘looping will stop as all improvement items in the combined proposal are in the
‘complete agreement’ or ‘no comment’ mode. However, in most cases the 'no agreement’
mode will prevail despite iterative looping. Clearly the iteration has to be concluded
somehow in order to meet target dates. (The simplest way to overcome such a dilemma is
to invite the member’'s boss to dictate the decision.) Nevertheless, it may not be as simple
és one would presume becau_se tl_1e quality of the information may be poor as a result of the
‘mixture’ of the different modes of design information. The boss or the responsible person
who is trying to judge the pros and cons of a design proposal, may be handicapped by the
weak or even inconsistent opposition to a design proposal. Therefore, the most effective
approach for moving forward is to rationalize these different modes of design information in

such way that the iteration process may be better facilitated to enhance information quality

or usability. In view of this, the characteristics of collaborative design are further examined.

3.5 “Synchronous vs. asynchronous collaboration

The preliminary cpllaboration model can be seen as a snapshot of an evolving process.
While showing the changing content of the design information, it does not show the
relationship between the change in data content and the time scale. Obviously a combined
proposal is meaningful only when the validity of an individual imprbvement proposal does
not expire when a preset time limit has lapsed. That is to say, owing to the organic nature of
decision-making activities, & member’s proposal may be superceded by a subsequent one
as the situation changes. Therefore, in checking the agreement status or the modes of the
design information, the date of the information is a natural attribute that determines its
validity. This is a crucial factor in ensuring the integrity of the final product (the client's brief),
especially when the collaboration process is an asynchronous one, i.e. decisions are not

made simultaneously.
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In addition to time, the physical location of each respective design team member will affect
the mode of communication, i.e. asynchronous vs. synchronous. So too the choice of
communication medium. A time/space matrix has been suggested as shorthand to show the
relationship for the various non-computer communication technologies with réspect to time

and locations, Figure 10 [Dix, A., 1998a].

Same place Different places
Same time Face-to-face Telephone
(synchronous) conversation
Different time Post-it note Letter
(asynchronous)

Fd
Figure 10. Time/space matrix.

The PT members are basically working in the same place, which is a typical arrangement
for an in-house project teamn. 1t is also common practice to organize r?gular design
meetings (face-to-face conversation), and forums so each member may table his design for
agreement. {n an ideal case the synchronous system enables a merging of the information
flow from the four t’)asic medels at point “A” of the preliminary collaboration model provided
an agreement can be reached for all design issues during the meeting. However, wheré
each membgr’s presentation is weakly connected to other design participants a longer time
period is normally required when seeking a consensus. Time is usually not the driver and
each member has sufficient time to document the three modes for the improvement
proposal, i.e. complete agreement, no agreement or no comment). Therefore, the

asynchronous system represents the behaviour of the collaborating team more closely.

It has been eslimated that over 90% of the information flow between PT members is
conveyed in a written form, e.g., memoranda, discussion papers, minutes of meetings, e-

mails, etc. [Gilleard, J.D. and Lee, Y.C., 1998b}, incrementally representing the conceptual
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desigﬁ. The application of a synchronous system is limited. One distinct advantage of
asynchronous communication is that there is no interruption to the work of a PT member
who may pursue tasks in his own way. This gives greater autonamy and personal control

[Dix, A., 1998a].

Time as well as place is a natural attribute of an information item. Both of those give rise to
the concepts of synchronous and asynchronous communication. Nevertheless, in no way
~ do they delineate the desigr; concept. Their role is seen mainly as supporting a rationalized
data structure or pattern of information flow. There exists some form of representation that
depicts the design intent as a result of the cyclic impleméntation of the preliminary
collaboration model. Evidently each implementation of the model should result in refinement
or revision of the variable data set to cope with changing design requirements with a view to
achieving the expected level of flexibility. Flexibility is one of the major criteria in solving
complek problems as suggested by Pohl earlier. Pohl's answer to such a problem is a multi-
agent computer-aided design environment.

-

3.6 Agents and flexibility

Pohl advocates the importance of providing flexibility in the user-interface in order to
facilitate the human-computer partnership for tackling complex problems [Pohl, J., 1997].
Flexibility may be achieved by building computer-based agents in the process model so that
solutions may evolve interactively. ("Agents“‘ mean components of the de;:ision making
mode_l that may involve a group - a cﬁmmittee, board, or design team - that are translated
into a computer-based enviranment wheré the agents may reason or interact with each

other or access a knowledge-base.)

The relationship between the degree of flexibility and complexity of a problem is not

indicated 'in Pohl's work. The effort necessary to develop computer-based agents that can
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communicate with other agents, computer-based or h'uman",' is significant and has to be . |
justified against the complexity of the decision-making problem. With refurbishment projects
flexibility is required to track design decisions and (typically} subsequent refinements of the
client’s brief. Flexibility may also be perceived as the utilization of a sophisticated computer
system that provide an intelligent means to obtain BSE resuits, e.g. the recognition of CAD
objects (high level design representation) for the automated generation of air-conditioning
ducts and pipes. With reference ‘to a four-stage process for the pre-construction phase
intelligent comput'er systems are mostly required ;t the Detailed Design Stage after layout
plans have been developed. It is estimated that the amount of work with such an intensive
computing requirement constitutés approximately 10% of the total project time at the pre-
construction phase. Hence, it may be inferred that the contribution from these intelligent
computer systems is not critical in enhancing the effectiveness of the collaborative design
process as a whole. It may also be argued that an agent-based system may be developed
to simulate the decisibn-makiﬁg algorithm of respective PT members, such that the entire
four-stage process is covered by the computer system. The feasibility for such a proposition
is realizable only when each PT member reasconing (decision making) can be represented
by explicit rule. However, uncertainty (in terms of cost as well as time) required for the
acquisition of sugh a system has to be carefully considered prior to any serious

development work.

The applications of agents are seen in two major areas: personal assistants. and
information-rich environments. The latter typically include enterprises and network
information access. Enterprise application is similar to the case of the refurbishment project.
it involves the updating of information. This process is qualitatively more complex than
retrieval because it can potentially introduce inconsistencies. “This is the province of
workflow, a composite activity to solve some business need that accesses different
resources and may involve human interaction” {Huhns, M.N. and Singh, M.P., 1998]

Ciearly human interaction is a major unknown if an agent-based system is to be
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ir}lplemented for a refurbishme_nt project. A logical sequence is to establish those entities
that can be identified using firstly a known methodology. Broadly épeaking. the application
of an algorithm to determine the information flow for a refurbishment project leads to yet
another unknown. Under such circumstances it will be an almost impossible task to validate

the integrity of the results.

In summary, an agent-based approach to meet the needs of ﬂexibilit.y is not considered
valid. Firstly, the flexibility in generating new engineering data is insignificant with respect to
enhancing the overall efficiency of the collaborative work. Secondly, human interaction
uncertainty may corrupt the final research results. Consequently, a more pragmatic
approach is to provide a tool or protocol as an infermation organizer that can capture and
retrieve the decisions made by the respecltive PT members. This is contemplated in a
computer-aided environment with anticipated flexibility. Previous research has
demonstrated the appropriateness and feasibility of using hypermedia for the storage and
retrieval of building services engineering design information especially at the preliminary

and conceptual design stages [Gilleard, J.D. and Lee, Y.C., 1996].

»

37 Hypermedia

3.71 Background and history of hypermedia

An in-depth study was conducted of the apblicalion of computer-aided design and drafting
(CADD) systems in the Architectural, Engineering and Construction (AEC) industry. The
study investigated the divide between the engineer's mathematical design and the
archit(_act’s need for “visual” interpretation. However, the initial study revealed that the
application of intelligent systems such as an expert system for BSE design, was limited and

that the integration of such systems with graphic-modelling programmes was not commen
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in academic research. Further study into the approaciw adopted in BSE design alsb
indicated that the design constraints were normally determined by building codes and
formalized design rules. These rules and clodes are by no means well structured and do nat
normally follow a sequential order. Under such considerations, hypermedia was chosen as
a programming tool aiternatively. The following sections summarize the background, history

and theoretical basis of this research work. [Lee, Y.C., 1995]

The idea of hypertext was conceived in 1945 by Vannevar Bush who proposed a system
called Memex (“‘memory extender”), which is described as “a Sort of mechanized private file
and library™ and as “a device .in which an individuatl storeé his books, records, and
communications, and which is mechanized so that it may be consuftéd with exceéding
speed and flexibility.” [Nielsen, J., 1990]. As the senior Science Adviser to President
Roosevelt and administrator of the wartime Manhattan project, Bush developed his
proposal for the Memex because he has worried about the explosion of scientific
information which made it impossible for even specialists to follow developments in a
discipline. Although the Memex system was never im:plemented. its concept is in fact the
essence of modern hypertext systems.

In 1962, Doug _Engelbart started his ‘Augment’ project to develop computer tools to
augment human capabilities and productivity. This was the first major work in areas like
office automation and text processing. One part of the Augment projects was NLS (for oN-
Line System), which had several hypertext features even though it was not developed as a
hypert;ext system. During the Augment project, the researchers stored all their papers,
reports and memos in shared “journal” facilittes that enabled them to include cross-

references to other work in their own writings.

The actual word “hypertext” was coined by Ted Nelson in 1965. As an early hypertext

pioneer, Nelson developed his Xanadu system. The basic Xanadu idea is that of a
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repository for everything that anybody has ever written and thereby a truly universal
hypertext. When everybody can link with everybody else, there will be tremendous
copyright problems if the traditional view of copyright is retained. Nelson’s answer was to
abolish traditional copyright to the extent that information placed in Xanadu will always be
universally available. This principle may be feasible; the system would keep track of the
original authorship and provide royalties to the original author based on the number of bytes

seen by each reader. However, the Xanadu vision has never been implemented.

The early hypertext systems can best be seen as proof-of-concept systems showing that
hypertext was not just a wild idea but could actually be implemented on computers and that
use was mostly in-house at the same institutions where the systems were designed. Among
other early hypertext systems that have been augmented with graphics are Hyperties, from
the University of Maryland, and Intermedia, from Brown University, denoting the evolution of

hypertext to hypermedia.

The most significant break-through in terms of popularizing hypermedia came with Appie'
Computer's decision to bundle a programme called HyperCard with new Macintosh
machines., HyperCard offered users the ability to link text and graphics, to open external
applications. Forl the first time, a really user-friendly, high-level programming environment
was available for the Macintosh- with HyperTalk. HyperCard combined aspects of relational
database models with the ability to integrate materials from heterogeneous external sources

such as digitized audio and video.

The graduation ‘of hypertext from a pet project of a few fanatics to widespread popularity
was marked by the first ACM (Association of Computing machinery} conference on
hypertext, Hypertext'87, held in November, 1987 at the University of Carolina, which was
attended by almost everybody interested in the hypértext field. The first scientific journal

focused on hypertext, Hypermedia, was published in 1989 by Taylor Graham.
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3.7.2 Definition of hypertext and hypermedia

Ted Nelson explains: “By ‘hypertext’ | mean nonsequential writing-text that branches and
alfows choices to the reader, best read at an interactive screen. As popularity conceived,
this is é series of text chunks connected by links which offer the reader different pathways”,
[Landow, G.P., 1992]. Hypertext is nonsequential without any single order that determines
the sequence in which the téxt is to be read. Hypertext presents several different options to
readers and the individual reader determines which of them to follow at the time of reading
the text. This means that the author of the text sets up a number of alternatives for the
readers to explore rather than a single stream of information. Brown University has another
definition of hypertext: “Hypertext is both an author's tool and a reader’s medium. With
hypertext software, authors or groups of authors will be able fo link information together,
annotate existing text, and create footnotes that alfow readers to see either bibliographic
data or the body of the referenced-text. Readers will be able to browse through linked,
cross-referenced, annotated, footnoted texts in an orderly, but nonsequential manner”,
[Horn, R.E., 1989]. In essence, hypertexf may be taken as an approach to constructing non-
linear computer-supported materials and the term is also used to describe the materials

themselves.

Hypertext is traditionally treated as a system for dealing with plain text. Since many
contermporary computer materials include other media such as graphics, images and sound,
some people prefer using the term hypermedia while others tend to use the two terms

interchangeably. Hypermedia will be used in preference to hypertext throughout this thesis.
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3.7.3 Nature and characteristics of hypermedia

There are at least three key characteristics of hypermedia software: (i) a network of nodes
which may be text and/or graphics, (i) software methodology that facilitates the building of
and.access to nodes via links and (iii) i.nterface tools that facilitate the creation of arbitrary
linkages in the text with buttons [Hom, R.E., 1989]. The network of nodes enabies the user
to conduct rapid browsing and navigation across the information space represented by the
nodes. This is :;\chieved by an effective user inteﬁace usually with a couple of mouse clicks
or a couple of keystrokes. The link-node structure allows the information to be structured
partially (semi-structured) or non-linearly (a non-sequential data structure), giving the user
the freedom to associate various chunks of information,. These features of hypermedia are

built on the three essential elements namely nodes, links and buttons.

Nodes are part of the hypermedia strﬁcture where the text, graphics, sounds or related
information in the knowledge base are located. For some hypermedia implementations, a
node contains one idea or one sentence; for other implementations the node may be a
whole document as long as a book or chapter. So far the node is not a well-defined concept
except in certain very structured contexts. Links connect nodes in the hypermedia software
by computer-supported relationships that permit rapid and easy movement across the
network of nodes. Buttons are specific iocations in the hypermedia structure that permit the
user to jump along a link to another node, usually with the click of a mouse. A simﬁliﬁed

view of a small hypermedia structure is shown in Figure 11
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Figure 11. A simplified hypermedia structure with six nodes and nine links.

Hypermedia can be used to prototype the user interface for almost any other computer
programme [Nielsen, J., 1995], because most initial prototyping consists of linking together
.screen designs and presenting them to the user in an order determined by simple user
actions. In fact, HyperCard is regarded as one of the most weli known and successful
prototyping tools [Dix, A., 1998b]. Extremely simple prototypés can be constructed in any

hypermedia system simply by linking together screen designs in the appropriate order.

In the business and commercial sector, the use of hypermedia is seen to be increasing in
such diverse applications as repair manuals, dictionaries and reference books; auditing;
trade shows, product catalogues and advertising. All of these developments share a
common goal in that the traditional documents in their literal forms are replaced by a more
vivid presentation coupled to easier access to stored information. The general hope is to
enable the user to carry out data searching more effebtively or to convey the specific selling
point in a dynamic manner. The success of hypermedia application ;in this field is also
attributed to the use of images and sound. The multimedia features may in some cases
conflict with the generic functions of hypermedia in that the attractiveness of moving images
and sound can be easily misunderstood to be the essence of hypermedia. It has been

suggested that hypermedia is only a subset of the more general class of interactive
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multimedia [Woodhead, N., 1991], Figuf’e 12. “Multimedia- the combination of text, graphics,
and audio efements into a single colfection or presentation- becomes interactive multimedia
when you give the user some control over what information is viewed and when it is viewed.
Interactive muitimedia becomes hypermedia when its designer provides a structure of

linked elements through which a user can navigate and interact.” [Vaughan, T., 1998a).

Interactive Multimedia

Figure 12. Hypermedia is a subset of interactive multimedia.
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3.8  Application of hypermedia for preliminary BSE design
3.8.1 Theoretical framework of LPC Rules model

One aspect of the BSE design process has been examined in previous research work, {see
Section 3.7.1.). The objective was to explore the appropriateness and feasibility of using
hypermedia for the storage and retrieval of BSE design information especially at the
preliminary or conceptual de'sign stage. .To illustrate the argument, a HyperCard model was
built for the sprinkler layout design problem. The requirements for designing sprinkler
installations are stipulated in a set of safety codes, i.e. “Rules for autormatic sprinkler
installations” which is the combination of the British Standard BS 5306: Part 2: 1990 and the
Technical Bulletins issued by the Loss Prevention Council (LPC) of the UK. [Loss
Prevention Council 1990]. These rules are abbreviated as LPC Rules. Thus the HyperCard .
model is named ‘LPC Rules model'. The research results support the argument based on

the findings elaborated below.

The BSE design process. is considered to be mainly of a semi-structured nature at the
preliminary design, stage. The well-documented design rules or codes used in BSE industry
do not normally specify or suggest the sequence or order of interrogating these rules or
codes. Typically, it is the user's experience that plays the most important rolé for effective
information gathering and retrieval. Traditional BSE design software only provides solutions
to problems that are well formulated, and where structured algofithms and/or established
mathematical formulae are readily qvailébie. Proprietary BSE design software rarely

accommodates the conceptual phase of the design process.
Hypermedia is considered to be an appropriate tool for developing conceptual or

preliminary BSE design. Hypermedia non-linear links can be readily built between chunks of

information, a system that functions competently in a semi-structured database. It is a more
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effective paradigm for this t'yﬁé of application than conventional software systems such as
rélation_al databases, spreadsheets, etc. in that hypermedia facilitates the exploration of
ideas and searching for a best-fit example against criteria instead of the selection of all

occurrences that exactly match the criteria.

Direct conversion of the design rules into a hypermedia model according to the published
sequence taken from the original text form, does not provide adequate clues to ensure that
the user retrieves fhe correct design information. Representation of such rules in a‘linear
order may only be useful to an experienced user. Rearrangement of the design
requirements in a non-linear manner helps BSE users at different levels of understanding of
the design process. Representétion of such non-linear information for interactive

interrogation can be readily established in HyperCard. .

Navigation aids are necessary to assist the user to locate his position when he is
disoriented, a situation which is not uncommon when browsing and navigating a
hypermedia model. Different levels of navigation aids are provided in the LPC Rules model,~
which are considered to be adequate to allow the BSE users to retumn to various levels of

the data structure. ,

The effectiveness of exploring information is found to hinge on the strategic design of nodes
and links. The size of a node, i.e. the amount of information carried on a card (a node in
-HyperCard), should not exceed that governed by the chunking principle which essentially
refers to the short-term memory of human beings. Appropriate facilities also have to be
provided to advise the user on how to make a choice from those indicated on a card. These
include the intelligent links for cross-—referencing and automated criteria checking;
alternative paths for users of diﬁerent levels of understanding and the graphical display and

transformation of tables (showing design limits} into a more dynamic format.
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The ability of the model to recall choices pre\;iously made by. the user is enhanced by
~ conceptualizing the structure of the model. Several types of relalibns between various
objects of the model are formalized and classified to provide a theoretical basis for

constructing algorithms that recall information retrieved in the earlier part of the navigétion.

3.8.2 Extension of LPC Rules model concepts to collaborative design

The‘success of the LPC Rules m:)del has provided a theoreticél basis for tackling
construction design tasks that are less well structured. The paradoxical nature of the
prelirhinary BSE design has challenged professionals and academics of the AEC industry to
revisit design procedures, which have previously been deemed to be ‘well esfablished'.
These design rules and codes are comprehensive in breadth and depth. However, every
time these standard rules are applied to a particular site, reference to the appropriate
clauses in the rule books seldom shows a regular sequence or pattern. There is always a
wide gap between the rules and the way these rules are applied. Usually this is an area
where an engineer plays a vital-rol_e in bridging these gaps. Unfortunately, systems to
describe the mechanism adopted by an engineer in accessing these design rules are not

well understood. The LPC Rules model is an initial attempt to resolve this situation.

In an actual design environment, a BSE collaborates (by -all means) with many
professionals. Each professional accesses and interprets his/ her own set of design rules
énd-passes his requirements to others. These in return become another set of desiQn rules
(constraints) for his counterparts or project team members. These “personalized rules” are
organic in nature, i.e. evolving against changing situations. Notwithstanding, “personalized
rules” may be treated as another set of design rules in addition to the standard ones that
each merﬁber takes account of. Thus, it may be argued that the collaborative design
environment is similar to that of the LPC Rules model when viewed from the perspective of

a single PT member. In other words, the LPC Rules model has been developed to satisfy a
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single user configuration. On a closer look at the modei, the most sighific;ént impact of the
assumption in the model is reflected in the technigues regarding the construction of links
and nodes of the hypermedia model. The principles for tackling design problems, which
have been developed in the LPC Rules model are of fundamental importance. The concept
that hypermedia may be suitable for less well structured problems can thus be extended to
resolving complex problems which have been identified as a typical scenario in

collaborative design tasks.

Following the arguments in the LPC Rules model, the next step is to review the use of

. state-of-the-art hypermedia in collaborative work.

39 Paradigm for collaboration

The term “hypermedia/hypertext’ has been referenced in many research literature in
various fields ranging from collaborative Ieérning, concurrent engineering to computer
supported cooperative work. A hypertext-based discovery learning system has been tested
for collaborative learning among a small group of students and dt_emonstrated an average
learning gain of some 20% [Anderson, A., et al, 1989]. Concurrent engineering activities in
the manufacturing field are improved by introducing a “reusing policy” of the available
knowledge and know-how, which is realized by using hypermedia concepts and systerris
[Biennier, F., et al, 1995]. While these examples are specific in their applications, major
applications are seen in open hypermedia systems and computer supported cooperative
work, which is not directly related to any particular discipline. There is a clear tendency for
the collaborative nature of hypermedia to be exploited more and more in the cooperative

working envirenment.
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ﬁypermedia has been considered as an appropriate mediﬁm for fepresenting the content
as well as the process of collaboration [Streitz, N. A, 1994]. Since the launching of the first
ACM (Association of CompUtiﬁg Machinery) conference on hypertext, Hypertext'87, held in
November, 1987 at the University of Carolina, there has been an increasing emphaéis on
collaborative work, which is reflected in the proliferation of papers in this area in the last two
conferences, i.e. Hypertext'97 and Hypertext'99. One of the recent examples of research is
that a spatial hypermedia services provided as part of a component-based open
hypermedia system {Reinért 0., et al, 1999]. On the other hand, the increasing popularity' of
Internet (the World Wide Web, WWW or the Web) gives rise to a different dimension in the
development of hypermedia especially in collaborative work. It is natural to argue that the
Web should be an ideal paradigm for collaboration because the Web intrinsically provides
connections to users in different places and time. However, the gquestion is whether the

Web is a genuine hypermedia system or not.

Arguments between open hypermedia system (OHS) research and World Wide Web
research have been presented [Nurnberg, P. J. and Ashman,"H., 1999]. The thesis claims
that the Web is the biggest and best-ever hypertext system, while the antithesis claims that
it hardly warrants,being called a hypertext system at all. The conclusion of the study
suggests that although both fields use the term “hypermedia” when describing the types of
systems they build, they use this term in different ways. It is insufficient to compare the Web
with traditional OHS with respect to functicnality. On the contrary, comparison should be
based on the awareness of location of structure of their respective architecture. Nurnberg
has made a proposal to foster more substantial cooperation between these two fields. The
study also reveals that the Web approach is weak in collaborative support in comparison
with hypermedia systems, i.e., provide much of their advanced authoring and collaborative

work features based on top of their more powerful infrastructure.
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Notwithstanding the str'ength“of hypermedia systems over the Web, open hypermedia
systems designed for cooﬁerative work are sfill in their infancy as far as support for
collaboration is concerned [Reinert O., et al, 1939). Furthermoré-, references to hypermedia
applications related to collaborative design, especially in a refurbishment project, are not
readily available. Whi.le the comment made by Streitz is relatively broad in nature, i.e.
“hypermedia is an appropriate tool as well as a medium for collaboration” [Streitz, N. A.,
1994}, Dix has been more specific in his observation in that at least one type of the
groupware for decision support often has a hypertext-like structure, and may easily be used
to support design teams as well as individuals [Dix, A., 1998c]. Therefore, in the absence of
strong evidence that either the Web or the more sophisticated open hypermedia system
may support the type of collaboration activities identified in this research project, it is
arguably reasonable to first build a hypermedia system from the very basic principles of
hypermedia. It eliminates any possible dispute over the results of this research project, i.e.

that the original proposition of using hypermedia may not be fully justified. -

In summary, the collaboration mode! will be built on the ‘concepts derived from the LPC*
Rules model in the first place, the very original flavour of hypefme_dia. The immediate
argument is the need to extend these concepts from a single user configuration to a multi-
user situation. IE gives rise to the gquestion how information flow is to be handled, both
conceptually and physically. The p-reliminary collaboration modet is revisited and analyzed

again under such insights in the next Chapter.
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Chapter 4: Development of a collaborative design model

4.1 Classification of types of relations between information objects

Hypermedia itself lacks the intelligence to handle any complicatéd algorithm that may
arise in a design process. Also, it does not have any intrinsic capability to communicate
with other computer systems similar to agent-based systems. However, its ability to
o_rganize information in a nonlinear manner resembles the way a designer typically
posts his ideas as his design evolves. Referring back to the CATWOE model which was
suggested subsequent to the SSM analysis, the core purpose (or the transformation
process T) of the co_llaboration is perceived as the acquisition of a design information
set that can be readily retrieved. For example, the LPC Rules model is able to recall
choices previously made by a user. This feature enhance; subsequent modification of
the model structure.- The idea is to segment the design information into smaller
information sets in a dynamic manner, i.e. adaptive to user’s input. Thus the required
information may be retrieved more readily. The technigue is to construct the hypermedia

model based on the identification and classification of relations between information

objects.

In hypermedia‘, information may be represented and carried in the'form of nodes as well
as links between nodes. Nodes and links may be seen as objects that can be created,
copied, moved, modified and destroyed. rThe intention is to delineate and classify the
relations that may exist in the information/data generated during the collaboration
design'process. This relationship may then be ported to the hypermedia environment
repreéented as nodes or links. In the case of the preliminary collaboration model, the
three primary information elements form part of the transformation process “T.
Apparently there are between these elements and a PT member at least three links
which can be seen from the basic information model, Figure 5, if each element and the
member are vieWed as. hypermedia nodes. The “C” and “A” (customer and actor) of the

root definition include the BSE, MS, SE and HM, all of whom may be seen as different
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nedes of the hypermedia model. This is justified on the assumption that all PT members
would develop their respective design conforming to the format suggested in the basic
information model. That is to say, each member would ideﬁtify his own set of standard
information, would review improvement proposals suggested by other members and
would then propose his own set of specific design requirements. When the collaboration
activities between all the PT members are taken into account, it can be seen that there
exist at least three types of relations between a PT membef and the primary information

elements, i.e. “identify”, “review” and “propose”.

These three types of relations can be broadly grouped into two categories in terms of
their usage from the perspective of a member. The first two relations typically represent
the passive role of the member who is a user of the two information elements. A
member would use or “identify” the standard information pertaining to his own discipline
in order to study or “review” the improvement proposals passed to him from other
membe_rs. Basically he would not change the standard information or the improvement
proposal origiﬁally suggested by other member. The third relation reflects the active role
of the- member who indeed suggests and “owns” the specific d_esign requirements. If a
set of specific design requirements is “owned” by all members, it clearly implies an
agreement. Therefore, in hypermedia terms, an agreement between PT members may
be defined as a node (specific design.requirements) connected to four nodes (the PT

members) by four links which are of the same type (propose). The schematic

presentation of the above analysis and argument is shown in Figure 13,

The total number of relations shown in Figure 13 is twelve. However, if the.PT members
as well aé the primary information elements are considered as nodes of a hypermedia
system irrespective of their characteristics, the total number of relations should be
twenty-one. The number is calculated based on the definition that a relation is a link

between two nodes, or

No. of links =7C,=(7 X6)/2=21
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Figure 13. Classification of relations between information objects.
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The three types of relations previously defined broadly reflect the connectioﬁ between
two sets of nodes, i.e. the members and the information elements. Nevertheless, links
between members are not meaningful if they are not related to design information in the
context of a collaborative design process. Also, links between information elements are
inactive in the absence of any input from PT members. Therefore, it may be argued that
the model shown in Figure 13 essentially represents the relationship that may exist at
any given level of abstraction. Clearly this number will multiply when the primary

information elements are broken down into smaller components.

The above analysis shows that the information space has been reducéd by 3/7 (i.e. [21-
12)/21 = 9/21 = 3/7 ) as a result of classification of relations. It implies that the archiving
and retrieval of design information will be more effective because the amount of
information to be handled will be relatively small. Notwithstanding, the actual
mechanism to facilitate the building up of an agreed design brief has yet to be

established.
4.2 Collaborative design vs. infermation sharing

The model shown in Figure 13 suggests a concept of ownership of an information object.
It is this unique relation “propose” or “own” that may bring about the dynamics of the
evolution of a c;esign brief. The definition of “agreement” as stipulated in the last section
is valid uﬁder a simplified situation only, i.e. the specific design requirement only
consists of one item of design information. The integrity of an “agreement” is
undermined if any sub-item under the specific design requirement is connected with a
relation not belonging to the type .“propose". Therefore, it may be argued that there is a
limitation in applying the ‘classification of relations’ technique. It is effective in enhancing
the recall capability 6f a hypermedia system in regard to choices made by a user, yet its
strength appears to subside when a collaborative environment prevails, particularly in
the tracking of an agreement between members. The main reason is that the .model

constructed under a classification approach lacks the time dimension or the sequence of



events, both crucial in the representation of a collaboration process. The time/space

matrix shown in Figure 10 is a typical illustration.

Notwithstanding its shortcomings and limitations, Figure 13 does provide the theoretical
framework to define an agreement in hypermedia terms, i.e. an information object
owned by all PT membérs implies agreement. The development of a client's brief in its
chronological order is diagrammatically represented by the preliminary collaborétion
model, Figure 9. Clearly the pursuit of an agreement is focused at the node “A” where
the entire proposed speciﬁ; design requirementls {subsequently converted to re-vised
- improvement proposals) from the respective PT members merge. In other words, only
one type of relation would directly give rise to an agreement, i.e. “propose”. Node “A”
may be represented by a matrix (namely Collaboration Matrix) which coordinates the
different design options with the respective information owners or PT members, Figure

14,

BSE HM MS SE
Design Author Agreed
! ' Dissgreed
ion 2 Disgreed Disgreed
* Design Author
Option3 | Dissgeed ™| Diagreed Dissgreed

Figure 14. Representation of Node “A" by Collaboration Matrix.

In reality, each PT member may present his “Improverﬁent proposals” or “Design
options” in a design meeting and exchange them with other members. Essentially they
have started a dialog for sharing information. During this exchange of views, each
member may be attempting to collaborate with his/her colleagues or merely paying lip
service to the process while seeking no agreement at all. In most cases, however,
compromise typically leads to at least a partial agreement on improvement proposals. It

is unusual for complete agreement to be reached without compromise. However, the
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machinations whereby change énd modifications come about are frequently lost in the
exchange of “views”. This may be due to the fact that disagreements frequently go
undocumented. Concessions may also go unrecorded. Thus valuable information
" regarding disagreements is lost, with only the final decision/agreement noted. The

proposed Collaboration Matrix attempts to overcome these difficulties.

Referring to Figure 14, the BSE has proposed Design Option 1. His action is denoted by
a term “Author”, which suggests that he is the owner of this particular information object.
The \;iews of other members are rep;esented by “Agreed” or “Disagr;aed", which are
positioned at respective co-ordinates of the matrix. Similér arguments apply to other
design options. Figure 14 is a snapshot of the collaboration process, which indicates no
agreement at this stage. In accordance with the preliminary collaboration model, alf the
information in the collaﬁoration matrix (Node “A”) will be ‘recycled”, which allows PT
members to modify the status of the ownership of réspe'ctive information objects. It
should be _notéd that the term “Agreed” is logically equivalent to “Author”, i.e.
representation of ownership of an information object. On the other hand, tﬁe term
“Disagreed” indicates the negative sense of ownership. Indeed the collaboration matrix
has suggested a basic framework to document the histary of the evolution of a client's
brief. Howéver, it fails to cope with the “no agreement” situation when the collaboration

matrix undergoes the recycling indefinitely

All réferences to the application of hypermedia in the earlier analysis of the collaborative
design process are fundamentally on a conceptual basis. Inevitably any conceptual
mode| suggested would be subject to different constraints that may hinder the
_representation of the collaboration of PT members. Given the hypothesis that
hypermedia could be an alternative paradigm/ development tool to assist a BSE in
handling collaborative design task, a prototype hypermedia madel has to be built in
order to prove such én argument. Thérefore, the next questicn is howr to represent the
preliminary collaboration model as well as the coliaboration matrix in a hypermedia

environment.
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4.3 °  Hypermedia objects

In connection with Figure 13, it is relatively easy to convert the Design Information/Data
into hypermedia nodes because these are text and graphics. For example, design
information comprises variable data frozen once entered into the system until the next
round of updating. On the other hand, the Information Owner is a human being, i.e.,
capable of cognitive action, represented as an information object in the conceptual
models or a node in a hype.rmedia system as shown in Figuré 9 and Figure 13. However,
there is an abvious Iifnitatiori to implementing this concept directly into a hypermedia
system. As far as a classic hypermedia system is concerned, a hypermedia node does
not “think”. In"the absence of any additional scripting or artificial intelligence, a node is
essentially a dummy or merely a container of static data. By no means can it resemble
the behaviour of a human being. There is no common feature between humans and the
algorithm for a hypermedia node to simulate a PT member is not available at this stage.
Nevertheless, PT members are clearly part of the collaborative design process
according to previous arguments. Logically, the conversion of information objects into
hypermedia objects has to be examined in order to determine the methodology of how
the features of a “human being” may be represented to be. commensurate with the

complexity of this prablem.

With reference to the previous LPC model research, the interface between a user and
the hypérmedia system is distinct. Clearly the user is “outside™ the system which
- contains all the design infbrmation and data. It is homogeneous in the sense that
hypermedia objects consist of design data only. In the case of the preliminary
collaboration model, evidently a user has been defined as a hypermedia object.
Immediately it gives rise to the situation that the boundary between users and a
hypermedia system is blurred. It is difficult to discern the complex nature of a
hypermedia node that has composite meanings. The hypermedia node that represents

a user essentially serves as a pointer to the specific information element pertaining to a
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particular design option. By no means is this node able to carry any function of a PT
“member in the strictest sense. Nevertheless, a PT member cannot be anyone “outside”
the system according to the SSM analysis root definition. Such a fuzzy situation has to
be examined more closely in order to give a precise definition of information objects in

hypermedia terminology.

Prior to looking more closely at the model, it may be easier to take a broader view of the
problem in order to identify the boundary of the situatioﬁ. The LPC Rules model
demonstrates a typiéal scenario for a traditional human-computer interface problem.
The model and the user of the model are two distinct entities, Figure 15. Although the
LPC mode! allows a user to input data into the system, this must be carried out through
the “interface”. In other words, the mbdel has been built according to the perception of a
BSE who views the preliminary design of a sprinkler layout from a distance through a
particular frame of reference or interface. Clearly if the BSE stands inside the model

(conceptually at ieast), he can hardly comprehend the structure of the model.

Figure 15. User views computer system through interface.

The prefiminary collaboration model clearly suggests that PT members are not
segregated from the information elements. They are connected through different types
of relations or links (in hypermedia terms). The perceived model is a result of viewing
the collaboration process outside a boundary that encompasses both the PT members

" and the information elements, Figure 16.
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Collaboration Model
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Hypermedia
System

Figure 16. PT members seen as “within” collaboration model.

” Hypothetically, it may be assumed that “PT members” of the preliminary collaboration
model can fully represent the behaviour of the real PT members. This propasition is true
only when the regasoning and the logic of respective PT members can be articulated in
explicit rules. '!'his is considered unviable when taking into account uncertainty in the
cost of developing such a éystem argued previously, Section 3.6. On the other hand,
this proposition can be proved to be wrong by a simple counter example. If ane PT
member fails to give a full account of his redsoning and-logic of his design task, the “PT
mgmbers“ cannot be adequately ernulated in the model. Anecdotal evidence suggests
that even a PT member himself may not be able to predict the next move. Therefor.e, it
may be misleading to denote a hypermedia node by the term “BSE” in a collaboration
model. The “BSE" node could only at rﬁost represent the image of a real BSE, i.e. the
snapshot of the output of his design activities. A model may be seen as a series of

photographs taken when PT members collaborate.
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In fact, it has been suggested that a high level or meaningful representation of the real
world’_objects that define the problem system, is the prerequisite for a collaborative
problem-solving environment. Such a representation forms the basis of the interaction
between the users and the system [Pohl, J., 1997]. Typically a desig-n proposal to
provide central air-conditioning to an existing shopping centre is not good enough for
other PT members to assess its viability unless the size of the new chiller plant as well
as its location are indicated. In other words, an information item has to be made
meaningful to all users through proper association with other relevant information. What
is the most meaningful or highest level of representation tha; may be-possibly achieved
in respect of “PT members™? Clearly this question has to be answered in the context of
the constraints afising from the hypermedia approach. The greatest strength of
hypermedia is its ability to connect chunks of information in a non-linear pattern. If each
hypermedia node is seen as a container of the information{data that depicts any design
contribution or relevant caliber of a PT member, the way to connect these containers
would become the most critical task in the construction of the coliaboration model.
Arising from it, the way in which such information/data produced by a PT member may

be captured is another essential feature to be introduced in the proposed model.

When the constraint that a hypermedia node cannot directly emulate a “PT member” is
' taken into consideration, the collaboration matrix in Figure 14 gives the most concrete
representation of the design activities in comparison with other models that have been
suggested; The attempt to designate a PT member by a single node has to be
abandoned. The fact that a hypermedia node is able to carry many chunks of
information has provided the flexibility necessary for further development work through a
matrix approach. Therefore, the collaboration matrix may be represented by a single
hypermedia node in the most extreme case. However, in practical terms, information
contained in the matrix would be distributed to many connected nodes. This is to take
into acéount the limitation of the short term memory of man. As a result, the

contemplated collaborative design model would be a network of collaboration matrices
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(plural) that embody different items of the design brief. Also, it reflects the existence of

-

PT members by showing the decisions made by them, Figure 17.

Figure 17. A perspective of Collaboration Design Model based on matrix approach.

So far the defining of hypermedia oﬁjects has mainly focused on the representation of
“PT members”. Pursuant to the cognition that the coliaboration matrix is to be the
building block of the collaborative design model, previous arguments based on the basic
information model and subsequent classification of relations between information
elements have to be modified accordingly. How much information is to be carried by a
collaboration matrix? In a real situation, “specific design requirements” - the pivotal
primary information element in respect of the pursuit of an agreement - consists of a
huge amount of design information. As this is a variable data set, the mechanism that is
accountable for the chopping of the entire design database into chunks of design
information has to be flexible and .dynamic. Furthermore, the connection between these
matrices should also behave in a very flexible manner in order to cope with the evolution
of the variable data set. Morreover, there are many other crucial factors to be examined

in order to provide a robust theoretical basis for the construction of the collaborative
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design mode! in hypermedia environment (Collaborative Design Hypermedia Model, the

[

CDHM).

4.4 Design consideration and criteria of collaborative design hypermedia

model (CDHM)
4.41 Author/ reader relationship

The analysis conducted previously focuses on the “propose” relation that is critical in the
representation of an agreement between PT members. The “propose” relation connects
the core design information, or the variable data set, with the members. Also, the most -
prominent attribute of hypermedia hés been examined, i.e. the ability to connect
information objects in a non-linear manner. However, there is another crucial
characteristic of hypermedia which has a significant impact on the construction of a
hypermedia model, i.e., the overlapping roles of a user who may be a reader on the one

hand and a writer on the othér. -

“Despite important contributions by literary theorists in areas such as reader-response
criticism and deconstruction, the roles of reader and writer have been construed as
largely separate. Hypertext, by contrast, places reading and writing in a connected and
overlapping lerrain, thus providing a forum in which réading and writing can be
conceived in such a way that these ftraditionally separate acts begin to partially
coalesce.” [Snyder, |., 1996] Specialized in Language and Literary education, Snyder
perceived that the conventional meaning of author and reader has to be redefined in a
hypertext environment where readers acquire a new life by going on-line. Hypertext, by
virtue of its electronic form, provides the means for non-linear, discontinuous and
associative reading, a process like thinking. The non-seqguential manner in accessing a
hypertext document gives rise to different notions regarding the meaning of authorship.

The control over the text as enjoyed by the traditional author in page-bound text is
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absent in hypertext and therefore the idea of sole authorship no longer exists. The
authorial control also diminishes in hypertext since the author cannot fully contro! either
the reader’s path through the text or even the contents of the text itself. Thus emphasis
shifts from readers indulging in author-worship or author denigration to collaboration
between author and reader. Snyder identifies that the “virtual presence” of an author is
amplified in hypertext systems in comparison with print technology because the
characteristic flexibility of the reader-centred information technology has a much greater
presence for writers in the system. The virtual presence of authors promotes the writer-

reader collaboration.

The author/ reader relationship is also seen in the collaboration matrix {Figure 14) which
has been constructed to mimic the connection between design information and
respective PT members. Snyder’s idea that writing and reading partially coalesge in
hypertext literature was not fully recognised when the collaboration matrix was being
considered. Arising from Snyder's findings, it may be possible to develop a stronger
theoretical basis for modeling the collaborative design process in the hypermedia
paradigm. When collaboration between writer and reader is seen as.a natural attribute
of the hypermedia system, its implication and application to the CDHM has to be taken

into account in further development work.

With feference to the collaboration matrix of Figure 14 again, the BSE is the author of
Design Option 1 while the other three PT members are readers who may “Agree” or
“Disagree” with the author. As discussed in Section 4.2, the term “Agree” is logically
equivalent to “Author” as far as the ownership of an information object is concerned. In
other words, hesides the BSE, Design Option 1 is also co-authored by the SE {(who
“Agree”). For those who “Disagree” with him the BSE may author another design opticn
of which the BSE is conversely a reader. Clearly it fulfils the author/ reader relationship
‘advocated by Snyder in her perception of writing in hypermedia. Nevertheless, the

scenario described by Snyder may not be identical to that of the COHM.
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In hypertext literature, the changing roles between author and reader may be a matter of
a different style of writing, which could be quite liberal, i.e. no systematic pchedures to
determine how the role-changing may be managed. In the case of CDHM, these roles
have to be defined in a systematic manner on the grounds that the CDHM is a guide
map for PT members to locate exactly the orientation and the implication (usually in
dollar terms}) of an item of design information. A piece: of English literature can be read
in such a manner that a reader may have freedom to interpret it in his/ her own way
disregarding other views. Should such a freedom be offered within the CDHM model?
Clearly in hig role, a PT member with the flexibility to access a design document
according to his own choice, will promote creativity by authoring new information.
However, the required flexibility has to be governed by an appropriate framework so that
the linkage between existing information items or nodes and the newly created ones can
be readily tracked. It has been argued that the construction of a hypermedia document
i5 to be carried 6ut with the cognition regarding “The distinction between structuring ‘in

the large’ and authoring ‘in the small™ [Streitz, N.A., 1995).

Arising from the identification of author/ reader roles and the emerging concept of
“large” and “small”, the relative significance of these roles in the “large™ and “small” parts
of a hypermedig document has to be examined. If “large” is understood as the
framework in which a PT member may develop his design and which no one may
change, then such a structure has yet to be identified. On the other hand, “small” may
be said to be the arena where a PT member carries out his authoring. As such, the
collaberation matrix will be the most appropriate place to realize this purpose. Going
back to the question of framework or strqcture, one obvious requirement is that the
framework should facilitate a clear demarcation between the two distinct types of design
activities, i.e. writing and reading. It would be disastrous if more than one PT member
were to write simultaneously on the same node hence a mechanism must be built into
the CDHM to guard against such an occurrence. This problem is known as concurrency

control. Furthermore, another control mechanism is required to ensure that the entire

IvV-14



collaborative design process will not go on indefinitely in case a “no agreement”

situation persists.
44.2 Concurrency control

In a real world situation, the final result of the collaboration between all PT members is a
document that embodies the design brief as far as the pre-construction stage of a
project is concerned. Normally this document is consolidated by one of the members,
the HM in most cases. He plays ihe role of the editor who organizes all the
correspondence and memos from other members according to respective design topics.
Such a manual system has a very clear boundary that demarcates the designated areas
where members form their design input in response to other’s proposals. In this case
little “interference’ occurs. lh other words, each member has no difficulty in identifying
his role and that of his counterparts, either as author or reader, under a paper system or
e-mail messaging system. These two systems share one common feature, i.e. the
"

relation between the two communicating parties is “| — You™ “I” as the author sending

“You" as the-reader a message either in paper form or electronically.

While conventional systems are effective in segregating the roles of author and reader,
they fail to provide any practical means to organize the information or to enable tracking.
Every time “I" send a new piece of information to “You” (singular or plural), a new
information obj.ect has been generated, which is by no means connected to any
previous or upcoming information objects in a logical manner. The subsequent design
brief is fragmented because of these. “islands™ of object information. When the
collaboration paradigm is shifted to hypermedia system, it is possible to maintain the “I —
You" relationship by starting a new hypermedia file whenever “I" would send a message
to “You”. The resuit is no different from that of conventional systems, i.e. a collection of
hypermedia files that are disconnected. Thus, it is logical to propose that the COHM
should be constructed as a single hypermedia model. Under such an arrangement, the

need to connect information objects dynamically is met by the natural attributes of



hyperredia. Within a hypermedia model, once created all hypermedia objects are
connected in one ‘'way or another, i.e., connectivity is no longer a problem for
subsequent updating of a hypermedia object. What matters is the rationale in creating
the connections. In other words, as long as a message is posted to a hypermedia node,
it will n.ever be an “Istand”. However, a problem arises when more than one member
would like to post his message to the same node. It warrants the introduction of a
concurrency control mechanism that essentially carries out the funlction of orchestrating
the actions of PT members (either as authors or readers of messages), which are
posted to a node in such a way that the ownership of a message or design 1proposal can
be readily identified. Therefore, further development of CDHM hinges on the whether a
node should be made up of one collaboration matrix or several matrices. This will
determine thé iogic of the éoncurrency control mechanism:

It has been argued that concurrency cont_rol is particularly easy with hypertext because
as long as people work on different nodes, there is no conflict [Dix, A., 1998c]. However,
if a node contains text ﬁelds that can be updated by more than one member, the above
agreement becomes invalid. Nevertheless, the :strength of hypermedia in respect of
concurrency control may be viewed from a different perspective. Many hypermedia
systems exhibit modularity functionality, i.e. hypermedia objects such as nodes and
links may be created or removed without any significant impact on the structure of the
hypermedia m;)del itself. Again it goes back to Streitz’s concept of “structuring in the
arge’ and authoring in the ‘small”™ aé discussed in Section 4.4.1. However, the
argument here is focused on the consequeﬁce of Streitz’s concept instead of
consideration of designing the architecture of a hypermedia model. In other words, any
corruption to a hypermedia object arising from confusion regarding the roles of author
and reader {the “small”) méy have minimal effect on a hypermedia model structur‘e (the‘
“large™). Therefore, the positive statement made by Dix in respect to concurrency control
may be modified in that the reéilience of hypermedia against bad data facilitates.
concurrent work. This argument has to be examined in greater depth when CODHM is

actually built using a specific authoring tool. An authoring tool is understood to be a tool



that sews multimedia (hypermedia as well) elements together into a project [Vaughan,
T., 1998b]. It is necessary to review the different authoring tbols- available and justify the
choosing of a tool for the déveldpment of CDHM. Clearly it also has significant impact to
the formuiation of the strategy in tackiing the “no agreement” situation, which will be

discussed in the Section after the next one.
4.4.3 Selection of authoring tools

Tay Vaughan h'és suggested that authoring tools can be classified into four diﬁerent
groups based on the metaphor used for sequencing or organizing multimedia elements
and events [Vaughan, T., 1998c]. These four groups are as follows:
i. card- or page-based toolé,
ii. icon-based, event-driven tools
iii. time-based and presentation tools and

iv. object-oriented tools.

These tools produce multimedia and hypermedia models which are‘conceptually no -
different from each ofher, i.e. a set of nodes connected by links. Nevertheless, the
variation in the representation of nodes as well as the logic in the construction of links
results in a very diverse manifestation of multimedia/ hypermedia features, which meets
the requisites of different applications. For example, the object-oriented tobls are
particularly suitable for games,_in which the hodes are defined as “personalities” as well
as events and objects encountered in real-life situation. The time-based tool, strictly
speaking, cannot be ctassi_ﬁed as a hypermedia authoring tool in that the navigation aid
available to a user is very limited. The sequence of the events has been predetermined,
which is at most seen as an interactive multimedia as explained in Figure 12 of Chapter
3. Preliminary appraisal of these two groups of authoring tools suggests that they may
not be the best choice for the CDHM. For example, the object-oriented tool is too
sophisticated or too “interactive” with regard to the handling of a collaborative design

task in which there is no such item as a bouncing object to be simulated. The time-
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based tool because of its limitation is also not adequéte to meet the navigation need

o

required by COHM.

lcon-based authoring tools normally require the construction of a structure or flowchart
of the events, tasks and decisions developed by dragging appropriate icons from a
library. Content such as text, graphics, animation, etc. can then be added to each
respective icons. The authoring process is thus segregated into two distinct stages, i.e.
structure and content. It is necessary to work out the structure at the outset in the
authoring of CDHM. However, in subsequent updating' and authoring, a user may be

easily confused if he has to break down his work into two separate steps.

Card- and page-based authoring tools are relatively simple in contrast with the other
three groups. In fact the earliest commercial product for multimedia authoring belongs in
this category, i.e. the Macintosh HyperCard. Owing to its plain representation of the
metaphor for organizing multimedia elements (navigation by going to a page or a card),
the complex activities arising from authoring and reading occurring at the same nodg
may be accommodated in @ more flexible manner. Unlike the* approach of icon-hased
tools, a page or a card can be added to a model without defining any rigid structure prior
to starting to congtruct a new hypefmedia model. Hence, the building up of the structure
is incremental with the proliferation of content. This approach resembles the
development of a design project from conceptual stage to detail design where design
information is rarely complete at the initial design stage. In addition, the lack of a well-
defined sequence of design activities also inhibits the production of a workable
multimedia representation. The situation is even more critical in a _refurbishment project
where the generation and distribution of information is often in a messy condition. The
uncertainty in the scope of a project during the feasibility design stage is a typical

example of the messy condition.

Notwithstanding that a well-defined structure is not a prerequisite for starting a new

page- or card-based hypermedia model, some kind of structure is necessary for
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composing a new document. This is the norm when writing in a conventional type of
r_nedia, i.e. the page-boUr_\d document. Previous studies indicate that CDHM results in a
formal pattern or structures represented by the Preliminary Collaboration Model and the
Collaboration Matrix. The question ‘is the page- or card-based tool able to cope with
these requirements in the most effective manner?’ Given the finite number of choices of
authoring tools, the page- or card-based tool has been selected as the most appropriate
option for developing the CDHM. [t is a logical outcome given the limitations of the three
groups of authoring tools. These are eliminated since they are over-sophisticated,

possess inadequate navigation aid, or they have incompatible auther sequencing, etc.

As mentioned previously, HyperCard, a card-based system, was the earliest commercial
authoring tool. it is the most widely available programming system and multi-media
adthoring fool for the Mapintosh {Vaughan, T., 1998d]. The LPC Rules model,
developed in previous research work, also used HyperCard as a tool. Hence, the
development of CDHM would be significantly streamlined by adapting a HyperCard
environment where proven arguments and techniques can be applied. The main
features and characteristics of HyperCard will be discussed in later sections. Strictly
speaking, the choice of an authoring tool may not be a major concern as long as the
ideas of COHM ¢an be demonstrated, i.e. a prototype mode! should be adequate. Dix
and Ramduny suggested that a prototyping tool should providg good appearance and
functionality on the one hand anrd a reasonabie production time on the other [Dix, A. and
Ramduncy, D., 1995). it gives rise to the idea of having a rapid prototyping tool.
HyperCard has been considered one such tool that may address both criteria, i.e.
performance and development time. Furthermore, HyperCard takes an evolutionary
path, which echoes the argument that the building up of the structure as well as the

content of COHM is incremental.
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4.4.4 Control of “no agreement” situation

The development of a client's brief basically follows the iteration process, shown in the
Preliminary Collaboration Madel (Figure 9), i.e. the evolution of the design brief is
implemented conceptually through looping within the model. Llooping will stop only when
there is a complete agreement among PT members typically reflected at Node “A” or the
respective collaboration matrix, Such a scenario of total agreement is rare in practice.
The concurrency control as mentioned in Section 4.4.2 plays a passive role in facilitating
the collaboration design process. It Helps to deter the occurrence of inconsistent data
and information by restricting the access right of PT members, thus ensuring the -
integrity of CDHM. Nevertheless, such a control mechanism cannot result in any
agreement if PT members disagree with each other. However, notwithstanding the

diversity in opinions among PT members, looping should not continue indefinitely.
Human-computer partnership

Clearly, no PT member can be controlled by a computer or the CDHM in his decision-
making process. From Pohl's perspective, a decision-support system is viewed as a
partnership between human and computer-based resources and capabilities [Pohl, J.,
1997). Computer as a partner should be restricted to the monitoring of problem solving
activities, the detection of conflicts and the execution, search and planning of
sequences. A partner may give advice or serve as a reminder to his counterpart if he
takes a passive rale.in the coflaboration. A partner though should not dictate a decision,
e.g., where a boss has the final say. dn the other hand, the main concern is to enhance
the quality of the design information so that a decision may be made more readily. The
quality of information hinges on the adequacy of the data as well as its reliability. Both
adequacy and reliability are relative within a set timeframe; i.e. their validity may expire
as a situation changes. In short, as far as the CDHM is concerned, active control over

the “no agreement” situation is weak. However, the algarithm of CDHM may be tasked
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to provide the best quality information/ data with a view to assisting the decision-making

progress as effectively as possible.
Transforming disagreement into design options

In the absence of a complete agreement, it will be neéessary to determine how the
looping or iteration can be concluded. In a real situation, the conclusion of a client's brief
may be achieved by transforming the disagreements into different design options, which
may result in a higher proj;,ct cost. Typically, an option thét incurs a higher cost is
deleted from the client’s brief. However, if a specific option is considered by the client to
be essential (despite the higher cost), it méy be included. For example, the design team
may choose relatively expensive finishes in anticipation of enhanced aesthetics to yield
a more attractive shopping centre. The' extra cost has to be justified on commercial
grounds, ie., a more pleasing atmosphere will attract additional customers to a
shopping centre. Similarly, the client may favour greater expendi'ture on the false ceiling,
lighting fittings, air griles or diffusers providing, of course, the tender price does not
exceed the project budget. In such instances, these can be included in the client's brief
as provisional items. That is to say, if the price of the returned tender is lower than that
expected, the client may have the option to include the provisiqnal items as long as the

project cost is within budget.

The technique of delaying decision making by putting the “disagreed option” as a
“provisional itemt” in the contract may not be applicable to critical items that have a
significant impact on the overall design. For example, the decision to provide central air-
ponditfoning is a typical case. A client's brief normally consists of more than a dozen
items of work, which cover different aspects of an improvement project. If these items
are divided into different groups, th'e chance of concluding on agreement for a single
group is much higher than that of the entire client’s brief given the same project cycle
time. The next question is how to determine the criteria of subdividing the client’'s brief

into different groups?
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There are at least three methods to’ classify the design information so that they can be
put into different groups, i.e. by work discipline, by functionality of systems and by
physical locations of buildings. The three work discipline - structural engineering,
building works and building services engineering - imply a framework oriented to the
design input of respective VPT members. Functionality of systems typically follows
conventional practice in defining different types of services such as foundation, framing
structure, building fabrics, plumbing and drainage, electrical supply system, fire service
system, air-conditioning ‘systems, vertical transportation,r elc. While each system will
normally have its major designer, supporting input from members of other disciplines is
inevitable. Finally, classification by physical location of buildings or systems is the

simplest one. For example, design information may be grouped according to building

levels.

The first method is not compatible with the design activities of collaboration because
each member will build his own “castle” where interface with other disciplines may not
-be easily developed. The othér two methods are slightly -better in terms of a
colfaborative design envirenment in that no matter whether it is a schematic system
diagram or a building floor layout plan (comprising other facilities as well}, members of
different disciplines have to access it to add or retrieve information. However, the
prerequisite of both methods is that schematic design of the project has to be made
available first. Otherwise it is impossible to delineate the types of systems or the
location of a building floor, to which the members are referring. In other words, they do
not tally with the sequence ;)f the development of design ideas anq proposals, which
normally starts with only a simple objective or some very rough design concepts. it
suggests that the traditional sequential development of design work may hinder
coliaborative design activities because of the relatively rigid procedures in the handling
of design information. An architect has to prepare a fairly complete layout before a
building services engineer will start to plan the services layout. By the time a BSE

discovers that the layout propdsed by the architect does not meet the building services
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requirements and therefore asks for amendment to the layout plan, the architect may be
reluctant to make any change in order to minimize abortive work. Input from a BSE or
other team members normally plays a passive role at an early design stage or in
situations where they are traditionally not expected to take a leading role. Ciearly the
design of a project will be completed more promptly if only one team member, usually
the architect, dominates the design procedures. However, for a refurbishment project,
design changes can be initiated from members of any discipline at any stage of a design

process.
Compatibility between information and information container

The above argument refers to the classification of design information. Further analysis
of the problem suggests that it is fundamentally a mismatch between the nature of
design information and the format of the container that is chosen to carry and represent
the information. Design intents or options are conceptual and qualitative, which is the
most common type of information or data to be managed at the preliminary design stage.
By virtue of the qualitative nature of this information, representation of such intelligence
on a typical design drawing rarely elicits meaningful comprehension by other PT
members. For example, the design intent is “Provide central air-conditioning to a
shopping centre that is to be refurbished”. However, no one can tell exactly which part
of the shopping centre is to be provided with central air-conditioning at this moment
because in the early stage of the design process, the-.new tayout plan is not yet
available. In contrast, once the layout plan has been proposed, the design intent can be
modified as “Provide central air-conditioning to the shaded area as shown on the
drawing”. At the conceptual design stage when a layout plan does not exist, PT
members may be asked to develop their design based on hypothetical plans that usually
become obsolete in the later stages of the design process. It can be seen that the
matching of the format of information containers with the information being handled is
dependent on the level of design activities. Typically a text-based information container

(requiring less data structure) would be more effective at the conceptual design stage
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when drawings (with sophisticated data structure) ére more appropriately used as
containers for detail design information. An information item at high-level abstraction is
more conceptual in comparison with a low-level one. |t is therefore suggested that high-
level information items are mainly text-based. A survey was conducted to verify this
argument by checking the document records of three shopping centre improvement

projects and the results of the survey are shown in Appendix 1.

The survey covers the period from the inception design stage, through preliminary
design to detail design prior to the letting out of the contract for tendering {bidding). The
period is aboul two to three years. The types of documents reviewed included memaos,
committee papers, correspondgnce, etc. The size of a document was neglected in order
to simplify the analysis, i.e. each document is counted as one “lot”. For instance, a
memo of just one page is counted as one lot while a committee paper of ten pages is
also counted as one lot. The survey, highlighted in Figure 18, indicates that between
68% and 84% of all design information transferred between PT members was text

based.

CY Shopping Centre SK Shopping Centre PH Shopping Centre

10% TEXT 68 % TEXT 84 % TEXT

Document with TEXT only (Preliminzry Design Stage)
Document with TEXT oaly (Detsil Desiga Stage)

Document with TEXT & DRAWINGS (Preliminary Design Stage)
Document with TEXT & DRAWINGS (Detail Design Stage)

Figure 18. Text-based documents prevail.
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Notwithstanding, the appliéation of graphics such as simple sketches in the
representation of design options is indispensable. However, text will still be the basic
media in the representation of design intent as shown from the survey results while
graphics or drawings are adopted for illustration purposes. In this respect, hypermedia
indeed meets the requirements that text information is organized to reflect the design
brief on the one hand and gréphic presentations seen as references connected in a

user-definable manner on the other.

Consequently, it gives rise to the idea that the methodology of breaking down the
client's brief into different groups may follow the pattern typically displayed by the
evolution of a design, i.e. classification of information items according to their leve!l of
abstraction in representing a design option. It is argued that any dispute between PT
members would be minimized by determining the location of an information item in
respect to its level. This shou'ld be defined as closely as possible to the common
understanding or common practice of the PT members. In other words, it is essential to
map out the “natural” mode in which members behave in developing design schemes.
(This argument is further examined with a real life project studied in a subsequent
section.) Meanwhile, the “mismatch” scenario in the handling of design information is

shown in Figure 19.

Building systems and facilities (such as structural frames, electrical systems etc.) are
highly defined entities as far as the representation of their content is concerned. The so-
called “information containers” of these entities (detail drawings usually) are simply not
yet ready at the early design stage in a format that the design information (intents and
options) can be slotted into them comfortably. Alternatively, it may be argued that the
distribution of the information may be carried out arbitrarily on the assumption that the
amount of information handled is not too excessive at the preliminary design stage.
Such an argument is valid when it refers to a single project only. However, when the

number of projects increases, the result will be chaotic.
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Figure 19. Comparison of “mismatch” and “natural” modes of information distribution.

Design level

Referring to the “natural” mode, the metaphor of ‘sand filtering’ is applied, i.e., design
intent and options are mimicked as sand particles of different sizes. These are filtered
by sieves of varying mesh size configured in a descending order. Each sieve represents

a particular level of abstraction. In the upper layers, particles of a larger size are
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captured, which naturally reflect the early design stage. Design information that has
broader meaning with signiﬁbant impact on the overall design is grouped at these layers.
Project objectives are typical examples. Following the same principle, design
information is grouped with respect to the level of abstraction (design level). In this
metaph'or, the driving force that pushes the sand particles through the sieves is gravity,
which is certainly not applicable to the CDHM. It is also difficult to model a conceptuat
“size" of an information item. These information items are the results of human creativity,
which a computer can hardly predict. However, if the definition of design levels appeals
to the experience as well as “con-'nmon sense” of the PT members, the distribution of the

information itern may become a “natural” task,

In summary, the control of the “no agreement” situation for CDHM will be accomplished
by sub-dividing the design items of the client's brief into smaller groups that correspond
to the different levels of abstraction typically seen in the sequential development of a
refurbishment project. The use of the term “control” may not be totally appropriate in that
there exist no active measures to force an agreement. The grouping of information
indeed fosters a passive approach in- which the probability of securing a consensus
about a specific design option is enhanced by constructing a more meaningful
representation of the data structure. The meaningfulness is realized by the “natural”
definition of design levels as well as the representation of these levels by a compatible
container, i.e. hypermedia. Such a meaningful representation, as advocated by Pohli

[Pohl, J., 2000], is one of the prerequisite to facilitate the collaborative design activities.
445 Design changes

It has been argued that design changes for refurbishment projects occur in an
unpredictable manner. Changes may take place at any time from the preliminary design
stage to the final completion of a project. However, the impact of design changes on a
project in terms of cost and time varies considerably at different phases of a project. For

example, changes made at the conceptual design phase rarely have any major



influence on the overall cost of a project. On the other hand, design changes that occur
bwérds the end of a projéct are typically much more expensive. In order to categorize
the magnitude of the cost impact, three major stages have been established, i.e. pré-
tender (bid) stage, tendering (bidding) stage and cohstruction stage. Design changes
taking place during the pre-tender stage will not incur a significant time penalty nor will
there be a cost burden except when additional work is planried. Similarly at the tender
stage unless the scope of work changes. When this occurs re-tendering normally
becomes unavoidable. Changes that happen during the construction stage are most
unfavourable in terms of ti]ne and cost control. Unfortunatély design changes do occur
during this stage creating critical challenges to the project team. Obviously the project
team has to cope with these changes, resolving any time andfor cost implications.
Where budget and time constraints exceed acceptable levels (governed by the client's
demands) the project team is obliged to go back to the client for clarification and to

Tesolve these difficulties.

Notwithstanding the time and cost constraints, the most crucial consideration in
managing design changes is to ensure that there is no trespassing on the three-tier
hierarcr;y in respect of the authorization of the client's brief, i.e. case conference,
Shopping Centre Improvement Committee (SCIC) and Commercial Properties
Committee (CPC) (Section 2.2.2). The conclusion of a case conference is essentially
reflected in CDHM as both of them are represented by the same group of people, the
PT members. On the other hand, the SCIC and CPC are beyond the scope of the
collaboration activities pertaining to CDHM. The request for design changes would not
normally be raised by SCIC and CPC once the client’s brief has been duly authorized.
Therefore, the CDHM that represents the client's brief, accepted by the three-tier
system, forms the -basis for.managing design changes during tender and construction
stages. Arguably, the procedures and algorithm of resolving the request for design
changes are similar to those adopted at the pre-tender stage in respect of resolving
disagreement between PT members. In other words, a suggestion for design change

may be checked against its respective level of design activities of COHM and should be
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associated at one level either positively or negatively with at least one item within
CDHM. if there is not ahy association in one way or another, evidently the PT team has

no jurisdiction to entertain such a request.

It should be noted that the CDHM is not confined to the agreed items only and is open
to accommodate various design options other than those_ already accepted by all
members. Typically the unresolved items may be categorized as provisional items in a
contract, which has been mentioned in Section 4.4.4. Checking of a proposed desigﬁ
change may be ;:arried out against the agreed iteﬁs as well as those unresolved ifems. ‘
The main purpose of the checking is to search for any connection between the

proposed change and information held by CDHM in order to ensure the Iegitimacy-of

subsequent design variation.

Pursuant to the analysis of various features relevant to the behaviour of hypermedia in
collaborative design situation (|e author/ reader relationship, authoring tools,
concurrency control and managing “no- agreement situations”, design changes, etc.), a
collaboration matrix, which is seen as the basic building block of CDHM, can -

accordingly be constructed in a hypermedia enviconment.



446 HyperCard

HyperCard has been chosen as the programming tool fqr the development of CDHM. A
brief description about HyperCard including history, architecture and functioning is giVen in
this section in order to provide background on how the mode! is constructed. There is plenty
of documentation available in relation to HyperCard as a software package itself and there
is no intention to repeat that here. However, the main purpose of this section is to explain

the major features of HyperCard, which play an essential role in the modeling process.
The beginning of HyperCard

Bill Atkinson was the designer of HyperCard. It was introduced in 1987 and was bundled
free with every Macintosh sold by Apple Computers. This was the major factor that
accounted for HyperCard's popularity soon after it was announced. Atkinson originally built
HyperCard as a graphic programming environment and many of the applications built into
HyperCard actually have nothing to do with hypermedia. Nevertheless, HyperCard was

probably the most famous hypermedia product in the world in late 80’s [Nielsen, J., 1995].

The refatively high productivity gain in using HyperCard for building applications may be
attributed to the inclusion of a general programming language called HyperTalk that is easy
to ltearn. In particuiaf, HyperTalk is powerful with respect to prototyping a graphic user
interface, (GUI), e.g., the programming scripts can be embedded as graphic objects onto
‘which the user may click to perform. a certain specified function. These act as the
connecting point of hypermedia, linking to the respective information downstream of the
navigation path. This is similar to, although not identical with, object-oriented programming
that is considered to be more productive than the traditional structured programming. In
other words, HyperCard is an authoring system to allow people to get things done a lot

faster than programmers using C, Pascal or BASIC because authors use “high-level” tools
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[Aker, S. Z., 1998]. In comparison with other authdring tools, HyperCard has poorkcolour
~ support and lacks vector graphics. Nevertheless, this is by no means a critical requirement

for CDHM considering its productivity and flexibility in organizing various design options.

The basic node object in HyperCard is the card, and a collection of cards is called a stack.
" The main HyperCard support is its ability to construct buttons on the screen and to
associate a HyperTalk program with the‘m. Buttons are normally activated when the user
clicks on them, but one of the flexible aspects of HyperCard is that it also allows actions to
be taken in the case of other events, e.g., when the cursor enters the rectanguiar region, or
when 'a card is opened. The main advantage of the HyperCard approach of implementing
hypertext jumps (program language statements} is that links do not need to be hardwired,

i.e., anything that can be computed may be used as the destination for a link.
Operating principle of HyperCard

HyperCard has been designed to allow different levels of complexity ranging from the most
basic browsing operaticn to authoring and the use of advanced programming, i.e., the user
can change his user level to the most appropriate mode of his work. Five levels are defined,
namely (i) brou{sing. {ii) typing, (iii) painting, (iv) authoring and (v} scripting. The user
chooses his required level at the “Preference card" in the "Home stack”, Figure 20. Each
level adds power to the abilities of the previous level. With browsing, the starting level, the
user can find information with no text entry or editing. Typing and painting are conceptually
similar levels that ailow.é user to change the displayed information but without changing
any navigation path. By setting the level to authoring, the user can modify the layout of
buttens and fields, which may alter the linkage between nodes and consequently the
navigation path. Scripting is the highest level that permits the user to carry out modifications,

including programming using HyperTalk.
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Notwithstanding the configuration of five preference levels for access to various HyperCard
capabilities, these can be generalized into three different environments: browsing, authoring
-and scripting. Throughout the entire process of building the CDHM, the scripting level has

been used.

PNy e o T YW TS P Y= N S Py e e S e N

Preferences Home

Your Name:

Chek the wser level you want: Other settinos:

S Edit scripts of buttons, fields, cards, . .
’ 5 Scnpt_' Rg backgrounds, and stacks. D Blind Typing

Create buttons and fields, Link

Use the Paint tools to change the Power Kevs
appearance of cards and backgrounds. D 4

2 Typing Enter and edit text in fieids. (] Arrow Keys in Text
: 1 Brovsi_ni; Explore stacks but make no changes.

4 Authering buttons to cards and stacks.

Painting

Figure 20. The Preference Card in Home Stack for setting user's level.
The basic elements of browsing

In the browsing environment, the user level displayed on the Preference card has to be set
at Browsing or Typing. The basic elements of HyperCard in the browsing environment can
be classified into three categories according to their functions:

(i) basic building blocks for HyperCard applications,

(ii) navigation aids to assist the user to find his way when he is disoriented and

(iit) medium for communication between the user and HyperCard.
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Basic building blocks

For any HyperCard application, there are five items used as the basic building blocks:

stacks, backgrounds, cards, fields and buttons.

Each stack in HyperCard is a s'ep‘arate Macintosh disk file, which is shown as a HyperCard
document icon in Finder, Figure 21. A stack can be opened by double clicking the stack
icpn to start a HyperCard program, i.e., browsing cards according to various navigation
paths as built. There is no restriction on the type of information stored in each stack, i.e.,
they may be dissimilar in nature. In addition, information relating to different data can be
linked even if there is no direct relation between them. The stack designer is free to choose
anything to be put in a stack, e.g., text, graphics, sounds, movies, etc. On the other hand,
he néeds to determine whether he should put everything into one stack or severa! stacks,
as the hypermedia link provided in HyperCard can be extended across stacks. (There is no
apparent difference as far as the screen display is concerned.)‘ However, some HyperCard
functions only work within the current active stack such as the "find" menu and additional
scripting may bg required to carry out the same action in other inactive stacks. Hence
browsing time rﬁay become longer when using several stacks. This was one of the major
considerations in déciding the architecture of CDHM. Ultimately the model was built in one
-single stack in order to maintain effective connectivity between various design options that

undergo a gradual evolution process as a result of collaboration.
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HYPERCARD STACK

Figure 21. The Icon of a HyperCard Stack as shown in a folder.

Every card is made- up of two layers, background and foreground. Whenever a new stack is
created the user must assign a background to it which is the background layer to be
adopted for the first card of the new stack. This chosen background will become the default
background for the other cards to be created within the same stack. While every HyperCard
stack has at least one background, even if it is blank, a stack can accommeodate cards with
different backgrounds. Cards sharing the same background cannot Qave their background
modified individually, i.e., any change to a card background will have a global effect for
other cards of the same stack. Logically it is not advisable to place any information on the
background layer 'iflit is to be modified on an individual card basis. For instance, it is
possible for HyperCard to disable a button temporarily. If the choice of a user is to be
restricted pertaining to certain criteria, it is natural to place the button that provides such

choices in the foreground. This technique is used in the design of the Collaboration Matrix

regarding concurrency control.

A HyperCard card is the major element for carrying and displaying information, i.e., it acts
as an interface between the user and HyperCard. Text, graphics, buttons and fields cannot
be shown anywhere but on the card. Only one card is allowed to be called at a time, which
has a pivotal effect in deciding the data structure of the CDHM. For example, since the

Collaboration Matrix cannot be represented by a single card, it must be chopped into
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~* smaller chunks in order for each chunk to fit within the boun&ary of a card. This in turn
affects the design of the hypermedia links between the cards. Each card thus serves the
purpose of being a node in the hypermedia network and sets the limit of the amount of data

that may be shown on the screen.

HyperCard fields normally use 'an object attached to a card to carry textual information,
including numerals, although it is not absclutely necessary for a card to carry a field in order
to have text displayed. Text contained in a field may be "true text" which can be searched
while the user may also create "paint text" using the paint tool. Paint text is essentially bit-
mapped graphics, which cannot be edited like traditional text nor can it be ‘searched’. A
field may also be used by the author to place and convey any message or, alternatively, it
may be used as the medium for the input and output for applications in computational
hypermedia. A HyperCard figld is very flexible in that there is no need to define the number
of characters in that field before its creation and the size and styte of the fonts can be varied
as and when required. Also there is no restriction with regard to where to locate a field. In
principle, a card may carry an unlimited number of fields. Furthermore, a field may be used ™
as a button to make things happen by 'Iocking the text of a field, i.e. the field text cannot be
modified when clicked but instead a HyperTalk message is generated. As a field can be
placed on the baf:kground or the foreground of a card, a user has to be carefulrin deciding
.where to place' a field. By locking the text of a field, concurrency control may be
implemented in COHM. The locking function is automated in respect of the identification of

PT members.

Buttons are primary navigation tools for browsing through a HyperCard stack. A well-
designed stack should let the user browse through its information simpiy by clicking buttons.
The essence of hypermedia is implemented by means of buttons in that the user may go to
other cards of the same stack or switch over to another stack in a non-sequential manner

simply by clicking the required button. A button may therefore be attached to a card. The
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button icon maf appear in a variety of forms. It can also be customized with Fegard to
location, size etc., be made transparent and overlap with other graphics or text. Buttons
placed at the background layer will be shown in all cards sharing the same background
within a stack and can be clicked on even when a card is shown in its foreground iayer. The
main feature of HyperCard buttons is that there is only one type of linkage afforded by the
basic HyperCard function, i.e., a simple uni-directional and unconditional Iirnk between two
cards. A direct linkage between a button to a field or another button is not feasible. This has
caused some trouble in the development of COHM where access to a specific field is
required in seeking agreement between members. The problem has been resolved by

adjusting the data structure and providing special HyperTalk scripts to the buttons.
Authoring

HyperCard gives the user fast access to a variety of information. However, the real power of
HyperCard is that it allows the user to establish relationships among collections of.
information and to dictate what operations are to take place with each navigationél step. In
order to organize the information in a required manner, it is necessary for tﬁe user to gain
access to the fundamental building tools, i.e., painting, fields and buttons, which are meant
to be the authori_ng environment of HyperCard. In the authoring environment, the user may
madify or create many things including graphics, fields, buttons, backgrounds and stacks.

The user level must be set at Painting or Authoring.

The HyperCard menus change when the user switches from the browsing environment to
the authoring environment. For example, two more menus, "Taols"™ and "Objects”, appear in
the authoring environment. These two menus basically equip the user with the necessary
facilities for the manipulation of graphics, buttons, fields, backgroi.tnds and stacks. In
carrying out authoring, all these elements can be copied, cut, pasted or duplicated. One of

the main differences between them is that only graphics are bit-mapped images while the
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others }are objects. A HyperCard object"can be picked up as a whole to move around or it
may be selected and placed somewhere else. Bit-mapped images on the other hand cannot
be picked up as objects uniess they are trapped. As such, designing cards with graphics
requires careful planning of the different images because it can be difficult to separaté them
for any subsequent modification. On the other hand, graphics may overlap with buttons or
- fields to improve the aesthetic display of a card or even enhance the effectiveness of
' navigalion- because the user can comprehend the message conveyed by a card more

readily.

The design of buttons may be considered as one of the most crucial authoring activities in
the creation of CDOHM. How a button looks and what a button links to will affect the
effectiveness of navigation and hence the collaboration between PT members. The icon of
a bﬁtton can be only madified by turning on or off the pixels of the icon bit-mapped image.
This is not convenient if it is to be compared with the painting facilities provided by the
painting tools. Under such considerations, most of the buttons created in CDHM are
annotated by their names by choosing "Show Name" from the Buttoh“information dialog box,
Figure 22. Alternatively a button can be made transparent and p!aced on top of certain

desired graphics ready to be clicked by the user.

With regard to the building of links, HyperCard has provided a powerful tool for the user to
establish an express link from a button to any card or stack just by a few simple steps of
clicking a mouse. By choosing the "Link to..." putton from the Buttbn Informaﬁon dialog box,
a new window is shown asking the user torindicate his preference by selrecting the card or
stack currently shown on the screen. In this way the user is allowed to page through cards

in different stacks when seeking the target to be linked.

It can be seen that hypermedia links can be readily built in the HyperCard environment in a

flexible manner. The real challenge in authoring a HyperCard model for design applications
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suéh as the CDHM, is the r;eed to handle a set of argument;‘; that have been or will be put
forward by PT members. These arguments represent the variable data set that is defined in
the Basic Information Model (Figure 5). In other words, the challenge may be seen in two
different ways, i.e. the generation of containers for new arguments and the creation of
connections between the .containers. This dictates what kind of information should be

connected and how to organize such connections.
Scripting

Scripting is the highest user level where the user can access the power to add or change
HyperTalk scripts of the HyperCard model as well as other facilities provided in the
Browsing and authoring environments. HyperTalk scripts are attached fo respective -
HyperCard objects, i.e., stacks, cards, backgrounds, buttons and fields. Paint graphics are
not objects as far as HyperTalk programming is concerned and therefore cannot inherit any
HyperTalk scripts. However, when a HyperCard object is copied, ajl the scripts of the
original object will be inherited by the new object. That"is to say HyperTalk programming
may be carried out on a modular basis, which is much easier for modification and thus a

rigid programming.plan méy not be strictly required prior to building a model.

HyperTalk is built around a system of sending messages to objects. As HyperTalk scripts
are attached to a particular object, the underlying purpose of the script is to intercept a
HyperCard message for its object. When the script identifies a message addressed to its
object and its own script name, it directs HyperCard to follow instructions in the script. A
script that reacts to a message is called a "message handler". When the script intercepts a
message, it handles the message accordingly. This is illustrated in Figure 23. HyperCard
keeps sending an "idle" message when the user is doing nothing to the computer. With a

"mouseUp” handler, the button script does not respond to the "mouseDown" message when
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the mouse is presséd but it is interrupted when the mouse is released; the script command

"go to next card" is executed and HyperCard advances to the next card.

Button Name:

Card buttonnumber:3 - Style: | Shadow v |

Card part number: 3 Family:

Card button ID: 26

4 Show Name

[SetUserProfite] %:«u;lHigte
nable

Figure 22. Button Information Box for modifying the function of a button.

HyperTalk can ‘also provide many different facilities to develop various multimedia
applications, including sound. For CDHM, HyperTalk has been applied mainly to enhance
the effectiveness of a logical interrogation for design information including searching for a
particular card fo meet préset criteria, computing data, accessing external files and
applications, etc. Experience indicates that HyperTalk scripts are essential in prdviding

concurrency control functions, which indirectly facilitate the collaborative design process.
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idle
idle
idle
idle Button Script

mouseDown —p NO
mouseUp — P YES l-on mouseUp

idle go to next card
idle
. idle

end mouseUp

mouseDown message does NOT match with handler--- no response

mouseUp message matches with handler--- button script executed

Figure 23. HyperCard object in action when message matched with a handler.

Navigation aids

With the basic building blocks in place, the CDHM may be constructed in an incremental
manner. The Ies"s structured architecture of hypermedia provides flexibility for the user on
the one hand but-it may easily confuse the user. (Sometimes called "lost in hyperspace™)
Such a disorientation is attributed to the lack of directional indication in the HyperCard
model, which may not be reédily defined by virtue of the complexity of the data being
handled. HyperCard offers at least two elements to help the user find his way out, i.e., the

"Home stack” and the function "recent” under menu "go”.

The Home stack is best described as a kind of master index that a user can create for all

the stacks. When the Home stack is opened, the first card shown is called the Home card.
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This displays all icons representing} each stack to which the user;{Wishes quick access,
Figure 24. These icons are buttons, which when clicked, will set in motion the necessary
action to open and display the stack that is "linked" to that button. The Home card may be
customized by adding more icons for linking to other stacks. However, a stack need not
have an icon on the Home card for the user to open that stack. The user can always choose
"Open Stack” from the File menu and select the desired stack file from the standard file
dialog box. However, the Home card is not used in the architecture of CDHM. As an
alternative, several purpose-built ¢ards serve as the menu cards. The main reason is that
the CDHM has several levels of menu cards for concurrency control as well as tracking
proposals and agreements authored by PT members; consequently going back to the

Home card would not be of any assistance to a PT member who has lost his way.

The Home Stack also contains three special cards that help HyperCard find stacks and
other files nested in disk folders. These cards are labeled "Seafch. Paths" with separate
cards for Stacks, Applications, and Documents respectively, Figure 25. Pathnames shown
*in these cards guide HyperCard in its search through the disks for stacks or other files.
Therefore, the user may list the pathname of the stack to be opened if HyperCard is unable
to Iocatera particular stack. This normally happens when the target- stack is not in the same

folder as the current stack.

However, HyperCard cannot locate application programs that are placed in other folders,
e.g., the Micrbsoft Word program when accessing an external word file. To establish a new
search path the user may altemnatively respond to the dialog box with the prompt "Where is"
when HyperCard cannot locate a stack, document or application. After the file is selected
manually, HyperCard logs the pathname in the appropriate listing. Subsequently, the user

never has to consult these pathname cards.
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Figure 24. The Home Card.

The HyperCard command “recent” shows the miniature representations of the last forty-two
cards that a user viewed on the screen. Clicking any one of these miniatures will result in
instant access back to that particular time. It is an important hypermedia feature that
represents typical non-sequential browsing. Nevertheless, experience gained during the
" development of COHM suggests that "recent” was not as helpful as expected. This may be
because the miniatures displayed did not give any clue that tallied with the logic of the
CDHM arguments unless the user remembered the unique card he wished to recall.
Furthermore, the resclution of the miniatures is not fine enough to distinguish between
similar cards, especially where the cards do not ha_ve prominent graphics but strings of text.

As a consequence the "recent” command was not used.
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Search Paths

HyperCard uses the information in the field i) About Sesrch Paths...
below to find your applications.

Stacks _Applications Documents

réppleScript™ LHilities:
Macintosh HD :Micresoft Office 98

Search path to open external
application: Microsoft Word

Figure 25. Search Paths cards to record and display pathnames of various files,
applications and stacks to be accessed by HyperCard. '

-

Medium for communication between the user and HyperCard

One essential HyperCard element, the Message Box, can be characterized as being the
primary communication avenue between the user and HyperCard, or between the user and
the HyperCard stack. The Message Box can be made to appear on the screen by choosing
Message from the Go mem._l-. It is a special kind of window designed for HyperCard. It has a
single line for text display, Figure 26. The user can type commands into the Message Box.
Commands are actually words in the HyperCard tanguage vocabulary. For example, with
the "Go" command entered in the Message Box, which is the most frequently used
HyperTalk command, it is possible to navigate from stack to stack. The Message Box is not

used in the CDOHM itself because it would require novice users to know some of the




HyperTalk commands, which inturn might affect the effectiveness of navigati'on. However, it

was used during the development process for testing of HyperTalk commands.
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Figure 26. Message Box as alternative means for command input.

IV - 44



" 4.4.7 Collaboration Matrix

In accordance with the concepts arising from the model described in Figure 14 and 17, the
following activities have been identified as the primary functions of a collaboration matrix:

A. identification of PT member,

B. input facilities for design intent and options,

C. representation of choices made by PT members and

D. - connection with other related collaboration matrices.

A “card” is the basic hypermedia node of the authoring tool HyperCard. The simplest
approach is to put all these functions onto one card. The available tools to realize the
requirements are buttons and fields. However, there is no hard and fast rule regarding the
criteria of deciding whether a function should be implemented by a button, a field, or both.
In principle, all of tﬁese four functions may be implemented by providing buttons only. For
example, four buttons may be created to represent the four PT members respectively. A
user will click “his" owri button in order to identify himself. Under such circumstances, a user -
may carry out his authoring simply by clicking buttons. The only exception is Function B
where the input of design intent and options cannot be executed in the absence of fields
where the text of design information may reside. Typically it reflects the two different
aspects of authbring,‘i.e. creation of new design ideas as well as construction of linkages

between these ideas.

Prior to the construction of any buttons or fields, it is necessary to determine their locations
on a card that is a part of COHM. Strictly speaking, buttons and fields can be placed
anywhere on a card without incurring a significant impact on the representation of
knowledge and subsequent navigation, provided they tally with the graphics shown on a
card. Notwithstanding, the difference between button and field in respect to their

characteristics in handling data, does impose constraints on the modelling task. For
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!example, a button can only accommodate fixed data while a field can handie both fixed and
variable data. Also, the HyperCard button has been specially designed to create links
between cards by just a few mouse clicks. Therefore, as the first approximation, buttons

and fields are assigned against respective Functions as follows, Figure 27:

Primary Functions Button Field

A v
(Identity) o
B ' v
(Input)

c
(Choices) )
D v
{Connection)

Figure 27. Mapping Button/Field vs. Primary Functions.

These. primary functions form the basis on which several essential tasks of CDHM may be
realized, i.e. (a) concurrency control, (b} control of “no agreement” situation and (c)
managing design changes. l'These tasks are meaningful in comparison with the primary
functions as far as the collaborative design process is concerned. It agrees with Pohl's
argument that a nieaningful or high level representation of the real world object is the
prerequisite for a collaborative problem-solving environment. Again, in theory all the
required buttons and fields may be placed on one card in respect of the representation of
the three tasks. Ne;vertheless, such a card will obviously be “overcrowded™ with information.
- Therefore, the CDHM is represented as a series of HyperCard cards in orde-r to acquire a

“meaningful” manifestation of the collaboration process.

A stack is a collection of cards. As HyperCard cards may be connected non-linearly, the
sequence -and relative position of the cards is immaterial. In other words, the flexibility of
HyperCard allows the development of CDHM to be carried out in the absence of any prier

rigid framework for a stack. However, the absence of a rational organization of a stack
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would imply that a systematic approach in maint:'::ining CDHM is lacking. In facf, three
different types of stack structures have been suggested by Stephen Wilson [Wilson, S.,

1991], i.e. Sequential, Index, and Branching Stack Structures (Figure 28).

b

=

Sequential

Oﬂﬂ

OD

Branching

Figure 28. Sequential, Index, and Branching Stack Structures.

In short, collaboration matrices will be built using the available tools including buttons, fields
(containers of information) as well as cards (container of containers) in vartous stack
structures to provide the n'sec:es.sarjr primary functions. On this basis, the respective tasks of
CDHM are to be realized. Subsequently, a collaboration matrix that is essentially a 1-row by

4 —column is constructed to cover the discussion of “Project Objectives”, Figure 29.
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Figure 29, Collaboration Matrix for “Project Objectives”.

-

Concurrency Control

The four columns are fields tp hold the design information input by respective PT members,
i.e. BSE, MS, SE and HM fields. Under the asynchronous mode of collaboration, each PT
member erites in his own field according to his time schedule. Once he has completed his
authoring, he “broadcasts” his proposal by sending his file.to other members. The incoming
file overwrites the one residing in the receiving member's system, which essentially
completes the updating process. . Therefore, it is a prerequisite condition that the
collaboration matrix should be able to prevent a member from writing on an inappropriate

field, i.e. concurrency control. This is implemented by locking a field against a respective PT
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member. in this example, the MS, SE and HM fields are Ibcked while the BSE field is
unlocked. Unlocking is achieved by the BSE ‘logging-in’, which is indicated in one of the

lowest fields (the Identity field) displayed on the card as “BSE".

Locking and unlocking is realized by a script attached to the card that holds the
collaboration matrix. This script interrogates the ‘ldentity field’ of the four PT members. Only
one field, corresponding to the identity of the PT member who has logged in, is unlocked at
a time. iIn this connection, another card is required to provide an interface where a PT
member may indicate his identity, Figure, 30. When a user receives a CDHM file from
another PT member, he has to log in a correct identity to enable the buttons and fields to
work properly. A card b-utton namely “Set User Profile” is provided in most of the cards of
CDHM to provide a shortcut to access the interface card. When a user clicks one of the
selections (i.e. Building Services Engineer, Maintenance Surveyor, etc.), the corresponding
abbreviation of the PT member’s identity is put in the Identity field, "BSE” in this case. The
‘Identity field’ is placed at the background of the card so that it can be shown in ali other
cards. Every time a card is opened, the Identity field will be interrogated to determine the
status of other HyperCard objects in this particular card, i.e. a button is enabled or a field is
locked. For simplicity of testing the CDHM prototype, a password, which can be easily built

into the model at a later stage, is not necessary for access.

Several butions and fields are placed in the background. These appear in all cards of
CDHM, shown in Figure 31. The main purpose of these HyperCard objects is to provide

navigational aids directly or indirectly. These aids include four buttons and three fields:
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i. go“back” butto_ﬁ to view the card browsed previodsly.
ii. go “home” button to go to HyperCard Home stack,
iii. go “nextcard” button according to the sequential order of cards,
iv. go “previous card” according to the sequential order of cards,
v. “ldentity Field” to denote the identity of the log-in user,
vi. “Project Name Field” to denote the name of project and

vii. “Design Process Level Field” to denote the current design stage.
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Figure 30. Interface card for user to log in identity.
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Figure 31. The background with background buttons and background fields.

The four background buttons provide a user direct control for navigation at will. The three
background fields $erve as landmarks for a user to orientate his location and status within
CDHM. The disp]qy'of these fields will change according to the choices made by a user in
respect of severél aspects of consideration including which project a PT member is working
on, level of desig‘n acti\;fities and the icientity of a user. This information provides a PT
- member with a signal to help him determine his next step. The Identity field and the Design

Level field are also used as input to the script that assists a member to make decision.

As previously mentioned, the Identity field imposes constraints on the activities of a user by
disabling buttons and locking fields so as to fulfil the requirements of concurrency control.
Referring to the example shown in Figure 29, the four fields are locked in such a way that

only one field can be written by one member at a time in order to ensure no loss of
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information due to deletion by an unauthorized user. (Concurrency control is a measure to
rationalize the authoring activities with regard to the author- reader relationship.) It covers
the creation of new design ideas as well as the construction of linkages between these
ideas. Clearly the I;;cking and unlocking of fields facilitates the former, i.e. creation of new
information. However, this ne\.rw.r information will be meaningless if the latter is missing, i.e.
linking this information. Basically concurrency control is a means to prevent members from
writing in any inappropriate field in the authoring process. As authoring is perceived as the
creation of linkages between different batches of information, the inclu;ion of the authoring

of linkages in the mechanism of concurrency contral becomes indispensable.

A concurrency control mechanism carries out the function of orchestrating the actions of PT
membe.rs either as authors or readers. Thus messages posted to a node can he readily
identified (Section 4.4.2). The most typical linking action is where one member tries to
express his agreement with a design option proposed by another. This action may be
represented by a short statement: “l agree with you” or “I agree with your Design Option X".
The control”mechanism has to distinguish the subject “I" and the object “you" or “you.r
Design Option X” on one hand and to represent meaningfully the action “agree” on the other.
In this connection,.the concept developed previously from the model described in Figure 13
{Classification of relations between information objects) may be applied. That is to say, an
information obje'c.t.owned by all PT members implies agreement. In the Collaboration Matrix,
any information (;ay X1} as shown in the respective field of a member, implies his
ownership of X1. Hence, whoever wishes to express his agreement with this particular

issue has to put X1 in his own field as well.

Arising from this argument, four card buttons are built in the Collaboration Matrix against

each of the card field (BSE, MS, SE and HM} namely:
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i. BSE agrees with?
i. MS agrees with?
ii. SE agrees with?

iv. HM agrees with?

The purpose of these buttons is to facilitate a user’s concurrence with the proposal of other
PT members. These are “pop-up” buttons. When one of these buttons is clicked, a list of
choices will appears. In this: instance, the choices are the design options proposed by
respective PT members, which are denoted by the abbreviations BSE, MS, SE and HM.
When a user clicks one of these choices, the entire content of the field that corresponds to
the choice will be copied to the field of the user, Figure 32. Similar to the logic of locking
and unlocking of the four card fields, these four pop-up buttons are disabled whenever their
respective field is locked in order to distinguish the roles of 1" and “You” in the process of
authoring linkages. The pop-up button that has been enabled denotes ‘;I" while the item that
has been ticked represents “You”. In this instance, SE is “I” and HM is “You". These pop-up

buttons provide a means to realize the meaningful representation of the action “agree”.
Control of “No Agfeement" Situation

The pop-up buttons deal with the most ideal situation where all PT members concur
regarding a particUiar design option. The scenario of total agreement is rare in practice, and
has been discussed under Section 4.4.4. It is suggested that the control of the “no.
agreement” situation may be accomplishéd by breaking down the dgsign items of the
client's brief into smailer groups that correspond to the different dgsign levels typically seen

in the sequential development of a refurbishment project.
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Figure 32. Pop-up button facilitates the quest for agreement.
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An improvement projeci for a HKHA shopping centre (ébbreviated as FSH SC) has been
selected as a reference project for the analysis of‘the development of a client's brief with a
view fo identifying the typical design levels. A major criterion to determine grouping of
activities is to act “natural” in line with previous arguments, Figure 19. Design éctivitiés may
bé scheduled in a sequential but not necessarily natural order. For instance, a BSE may be
asked to propose the type of lighting fittings before the project objective is defined. Although
it is in a sequential order it is by no means natural. The study of the design activities of FSH
SC may provide important clues for the defining of design levels in representing design

options.

A design level may be definred in accordance with the chronological order of the design
activitiés. In addition; the complexity of a design information item in terms of the
representation of building facilities may indicate the design level. These two aspects are
taken into account in the analysis of the FSH SC. The method of data collection is carried
out by gathering all the documentation arising from the exchange of information between
PT members. These include commitlee papers, miemos, notes of design meeting, etc.
According to the Notes of the 1% Case Meeting, three groups of information have been
delineated including background information, improvement strategy and improvement

proposals {major requirements) as shown in Appendix 2.

The background iﬁformation is classified as' the Standard Information that has been defined
in the Basic Information Model (Figure 5). It will not be included in the client's brief and thus
does not form any part of the CDHM. On the other hand, improvement strategy and
improvement proposals are the first two designhleve!s that can be identified. The information
represented by these two levels, which dictates the overall direction of the ‘improvement
project, is conceptual. Typical examples are improvement objectives, addition of central air-
conditioning, improvement to internal circulation, etc. It was thought that PT members would

collaborate at these two levels for a relatively longer duration on the assumption that in the
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absence of ény_ directions it is difﬁcult. althoui;h not impossible, to propose further concrete
design options. However, anecdbtal evidence suggests that PT members very soon (less
than a month after the proposed improvement strategy was introduced) extend their area of
coliaboration into specific design information. Typical examples are the proposed locations
of new facilities, identification of particular facilities to be replaced, etc. Inevitably, a third
design level has to be introduced, i.e. scope of work {location of_major facilities). Typically,
practice indicates that there is no direct relationship between the chronological order of the
desig-n documentation and the (iesign level to which the documentation belongs. PT
members typicaily author and/or interro.gate information at any of the three design levels
that have heen identified since the commencement of the design process (the acquisition of

client’s brief).

It is observed that members seldom discuss design issues relating to the highest design
level (i.e. improvement strategy or objective) excep’t in major design meetings. On the
contrary, members are inclined to deal with information at the second and the third level
more frequently, where the information répresents more tangible matters. ‘Clearly members
may not readily visualize a conceptual objective unless it can be manifested through various
specific design praposals that are typically covered in the second and third design level. In
fact, memberé' concern extends to areas that cover details such aé construction materials
by the time the ﬁrét draft design brief is concluded. In this connection, it is_ necessary to add
one more design level to reflect the discussion of such details as the choice of construction
materials, sizing of plants, construction details, etc. In other words, four design levels may
be defined in a descending order from the highest level of abstraction of a design proposal
(improvement objectives) to the lowest level that describes details of a design option, Figure

33.
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DESIGN LEVELS DESIGN INFORMATION

Level 1 Impravement Objectives/ Strategy

Level 2 Major Requirements
{e.g. new central A/C system, additional transformer house, additional
escalators, additional retail space)

Level 3 Scope of Work
{Location of major facilities)

Level 4 Design Details
(System Sizing, Materials, Critical Construction Details)

Figure 33. The four design levels of CDHM.

The configuration of COHM is constructed according to the four-level configuration. As a
result, another card is constructed as an index card that facilitates members’ access to the
desired design level more readily. It accords with the “index structure”, described in Figure
28, the cards in each design level are connected sequentially. The interface card that
provides choices for jumping to a respective design level is shown in Figure 34. The choice.
of a member is also shown ir;a background field appearing inﬂall cards {design level field},
iltustrated in Figure 31. This serves as a landmark for a member's navigation purpose. On
the Iother hand, the presence of a design level in each card— of CDHM indeed indicates
members’ focusr-o‘n the current design activities. This can also be interrogated and adopted
as a variable to fulfil certain control functions for navigation in CDHM. In other words, the
design level field brovides threefold functions: |

. “index structure” for managing “no agreement” situation,

ii. Iandmark. to facilitate navigation and

iii. input variable of scripts to implement specified control function.
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Figure 34 Interface card for choosing design level preference.

With the aid of the four-level configuration, collaboration between members may be
concluded more readily on the basis of a respective level. A conclusion could be in total
agreement or with'different proposals as options. Disregarding whether it is an agreement
or design option, such design information has to be archived in order to end a coliaboration
cycle and to facilitate subsequent retrieval. Therefore, another button is constructed for this
purpose namely “archive”. When an “archive” button is activated, all the four card fields of
the collaboration matrix are locked, meaning the design information of this card can no
lon-ger be updated. For ease of identification, this card is stamped with the word
“ARCHIVED", Figure 35. Since this archived card is placed at the same design level as the

one that it was authored, it can be searched and interrogated in a manner similar to the

authoring process.
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In the absence of any purpose-built control funétion, there is nothing to prevent?a member
from accessing those cards that do not belong to the design level selected by him when he
first started his navigation journéy through CDHM. Such a scenario is acceptable when a
member is using the browsing function only. However, when he intends to carry out an
authoring function, such an inconsistency may undermine the effectiveness in the pursuit of
an agreement between PT members. For example, a BSE has selected the “improvement
objective” level and has not exchanged ideas with other members at this level. He then
movés to another level, the “major improvement proposal”, where he browses other
member’s proposals. if he makes a proposal at this level which does not tally with his
previously declared level, oth.er members might not be aware of the shift of the focus of
discussion. As a result, additional effort is required to draw the _attention of other members
to the newly picked design level and away from the former. While it may be a more
pragmatic approach to rely on the self-discipline of members to maintain consistency in the
exchange of design proposals, it could be worthwhile to provide certain automated functions
that caﬁ maintain consistency in the archiving of design proposals. It will be examined in the

following Section regarding “managing design changes”.
Managing Design.Changes

It has been exb-léined in Section 4.4.5 how the request for a design change may be
scrutinized by checking it against two categories of design proposals, i.e. improvement
items that have been agreed by all members as well as those without consensus yet
converted to different design options. The criteria of checking is to identify any connection’
between the proposed design change and the design information base of COHM with a
view to ensuring the three-tier authorization principle will never be trespassed on. Therefore,
the integrity of the data in CDHM is vital to the validity of the decision in such a request for

change.
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Howevér. it is importéht to maintain consistency between the design level and the authéring
behaviour of PT members. Archiving activities can be seen as part of the authoring task
_because'they result in new information in the sense that members agree to end their
discussion or debate with respect to a particular information item. Subsequently; it is
necessary to "purify." archived'information, preferably in a proactive manner. The tactic is to
caution members to think twice before they decide to archive any information item. Thus
archiving must be consi;tent with both the wishes of the author.and the design decision

level,

The archiving constraint is realized by modifying the script of the “archive” button in such a
way that it compares the design level field against the design level of the card in question.

Archiving is forbidden if these two levels disagree. (Archived cards provide an information
set of a higher quality against which members may manage design changes more
effectively } Archiving has to be used in a reasonable manner. There are two extremes of
unreasonable application, which may render archiving meaningless. Firstly, members
exhibit great resérvation in concluding their discussion and hence the archived information
set becomes empty. On the' other hand, members may be reluctant to compromise and thus
may choose to archive most of the improvement proposals not yet agreed to by all
members. Both ;-;cenarios are unfavourable in terms of effective collaboration between
members. Such é.shortcoming may not be readily overcome by scripting to attain a higher
degree of automa’tion in the converging of diverse design ideas. The justification is based
on the perception that collaboration is ultimately dependent on the personal choice of a
member, who cedainly ha‘s.his own right to- compromise or to insist on his view.
Nevertheless, information has been captured under the four-levgl CDHM where members
can carry on their discussion under a common protocol irrespective of whether the data are

archived or not.
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In the exafnple of FSF SC as shown in Appendix 2, agreement to the ﬁrstldréﬂ design brief
has been reached. Under such circumstances, all the improvement proposals can be
archived and become a high quality information set. Subsequent development of this
project indicates that this information set provides the necessary basis for the major design
changes that occur afterwards. In this case, the original design brief suggests that central
air-conditioning will not be provided to the shopping centre. However, a deéision of the
management (Shopping Centre Improvement Committee — SCIC, one cbmponent of the
three-tier autherization hierarch);r) reverses the design brief, resulting in the provision of
central air-conditioning, the first unpredictable change. CDHM should have no difficulty in
managing all these changes in terms of the ongoing authoring as well as eventual tracking

of changes.
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'4.5 The architecture of CDHM

The construction of CDHM is subject to the perception of “The distinction between
structuring 'in the large’ and authoring ‘in the small™. The collaboration matrix pre\}iously
described in Section 4.4.7 is seen as the “small”, i.e. the area where PT members may
carry out authoring activities. The implementation of the “small” concept through the
collaboration matrix has been analyzed and elaborated. The resuits of the analysis suggest
that the CDHM may be configured in four design levels, which provides a basis for
structuring the “large”. Each level will be represented by a chain of collaboration matrices

featuring an “index structure”.

Owing to the limited amount of data that can be carried by a card or a collaboration matrix,
' tﬁe need to define and create sub-levels pertaining to each level, except the “improvement
objective” level, is inevifable. Again the records of the design activities of a typical project
(FSH SH as reported in Appendix 2) provide essential data for the establishment of these
sub-levels. it is observed that that the frequency of exchanging views between PT members
at the “improvement objective” level is relatively low in comparison with that of the second
and third levels. As a result, the actual amount of information at this level is so limited that
the need of sub-!evels is not imminent. On the other hand, arising from the 1% and 2™ case
meeting, the tobicé raised in these meetings can be readily classified to delineate the sub-
levels accordingly. The proposed sub-levels are as shown below:

1. Air-conditioning

2. Transformer house

3. Lighting

4. Vertical transportation

5. Fire services

6. Retail space

7. Signage
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8. Finishes
9. External fagade
10. False ceiling and

11. Miscellaneous facilities.

It is also observed that level 2 (major improvement proposals), level 3 (scope of
improvement work) and level 4 (system sizing, materials and detail design) basically share
the same system of sub-levels. Furthermore, the frequency with which members refer to a
specific level subsides at level 4 in contrast to those reported at level 2 and level 3 up to the
moment when the client’s brief is concluded. Indeed any further detailed desigﬁ information
will be reflected in the design drawings as well as the formal contract specifications at the
lower design levels where the degree of abstraction is no longer significant. It is essential to
recall that COHM is mandated to primarily handle the client’s brief, i.e., design details as
reference information embodying the design intent at level 2 and level 3 in the main body of

the brief.

As regards the representation of the sub-levels in HyperCard, it may be a one-to-one
mapping or many-fo-cne mapping in respect of the “card vs. sub-level” relation, meaning
one card for one sub-level or several cards for one sub-level, it can be demonstrated that
the argument reQérding the control of a “no agreement” situation for the four design levels is
equally applicable to the sub-levels. it will enhance the collaboration process in the pursuit
of an agreement knowing that PT members can more easily compromise at each sub-level.
By the same token, other arguments and iterations similar to those previous mentioned can
be developed for the sub-levels situation provided each sub-level is denoted by a
collaboration matrix. This implies that the architecture of CDHM is essentially a framework
of connected collaboration matrices. Under each design level, an interface card which is
similar to that for the design level (Figure 34) is constructed to provide express links to

specific sub-levels. This framework is shown in Figure 36 schematically.
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Inerfaoe card forchoosing design lvelor sblevels

Coliaboration matrix (one card or several cards in sequential grder)

Jump from Interface Card to Interface Card

PR > Juup from Interface Card to Collsboration Matrix
(15t Case Meeting activitis)

Figure 36. Framework of the COHM Architecture.
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In Figure 36, the locations of the collaboration matrices in relation to the design levels and
sub-levels are shown. For illustration purposes, the collaborative design activities during the
1% Case Meeting of FSH SC are also presented, naviga_tion paths being superimposed on
the frarﬁework. Other activities - reported in Appendix 2-- can be translated into different
navigation paths against the CDHM framework. It should be noted that the CDHM
framework summarizes the results of all the research work as well as analyses the client's
brief for the refurbishment exercise. This is founded on the Preliminary Collaboration Mode!
(Figure 9) which represents the initiai perception of Pf members. NeQertheIess, the
framework as presented in Figure 36 i;s a relatively crude approximation as far as a smooth
nav'igation is concerned. For example, it lacks facilities to allow_a user to provide instant
access to change design levels anywhere in CDHM. Hence, supporting functions need to

be identified and built into CDHM.
4.6 Supporting functions

Arising from the need to control the “no agreemeht" situation,” an “archive” button is
constructed, Figure 35. (Other functions have also been identified for the proper operation
of a collaboration matrix.) In most cases, a user has to go to another card such as the
interface card, i._e., the only location where choices of respective criteria for subsequent
navigation can bé made. In addition, requirements that do not have any direct refationship
to the developme'n't of a client's brief, yet are essential for enhancing productivity needs to
be accommodated. Typical examples are the creation of additional collaboration matrices
under the same design sub-level and the checking of the contents of a collaboration matrix

in respect of their agreement status.
The foregoing review of the various functions suggests that additional buttons are required

mainly to facilitate the authoring process. In this regard, four card buttons are constructed,

namely:
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i. “Set User Profile” button,
ii. “Change level” button,
ii. “All agreed?” button and

iv. “New card” button.

The “Set User Profile” button provides a direct connection from the current coilaboration
‘matrix to the interface card (Figure 30) where a user c¢an log in his identity. Under normal
circumstances, this-‘. interface card is usually the firs;t card that a user will access when he
opens CDHM. (He is required to log in his identity before he navigates to other cards.)
However, if a user chooses to carry out browsing only without any authoring, formally

logging in may be unnecessary. However, if a user wishes to go back and log in his own

identity authoring can be sanctioned.

The “Change Level” button enables a user to jump from a collaboration matrix to the
interface cérd to choose design levels (Figure 34). Strictly speaking, a user is not cbliged to
maintain the consistency”between an active collaboration” matrix and the design level {as’
shown in the “design level” field) if he is conversant with the organization of CDH.M and he

l"

is not going to archive any information. In other words, the “Change Level” button can bring
a user to the re_quired design level in CDHM with no barrier to stop him from going fo
cdllaboration matrices of other design levels while the disb!ay of the “design level” remains
unchanged. This maintains the fluidity of CDHM in such a way .that a member's freedom to
access and handle information may be optimized against the effectiveness of collaboration

in the quest for an agreement. Another point is that this button is not directly applicable to

sub-levels.
The “All agreed?” button checks the four card fields of a collaboration matrix to compare the

texts that have been written by PT members. If all the texts are identical it implies an

agreement between members and the coliaboration matrix in question will be automatically
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stamped “AGREED!". Up to this stage, a member may click the “Archive” button to prevent

any further change to this card.

“The “New Card” button creates a new collaboration matrix immediately after the one
currently displayed Both belong to the same sub-level. They are identical except that the
four card fields (representing members design input) are empty. This enables design
proposals that are of the same sub-tevel to be discussed. For example, under the sub-
level "Air-condlitioning" of Level 3, it is necessary to determine proposed location of the new -
chiller plant. It is also necessary to delineate the exact area of the shopping centre to be air-
conditioned. Under such circumstances, a separate collaboration matrix would streamline
the process. It may be argued that the situation can be better managed if a “sub-sub-level”
is defined instead of the creation of a new card on an ad hoc basis, i.e. another level below
sub-level. However, the addition of the third level has to be justified by at least two factors.
Firstly, the amount as well as the variety of the information reported in Appendix 2 shows no
genuine need for the third level. There are only a few collaboration matrices under each
item of a sub-level. Secondly, the proliferation of levels will increase the cofnplexity of
CDHM, which in turn may undermine coliaboration effectiveness. Therefore, the third level

is not discounted. .

As well as the'sé buttons for authoring, several buttons that enable a more efficient
navigation in the CDHM are included. For example, the four background buttons shown in
Figure 31 provide the basic facilities for maneuvring between design {evels. In addition, a
“Check layout” button is constructed as a card button for accessing-referencg layouts or
sketches. A typical arrangement of these huttons is shown in Figure 37. The operation of

the “All agreed?” button is also explained in Figure 38.
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Figure 37, Additional buttons to support authering and navigation.

4.7 Preliminary evaluation of COHM

By now, the construction of COHM is basically complete. The core component of CDHM is
the collaboration matrix which has been built to carry out three main tasks, i.e., (a)
concurrency control, (b) control of the “no agreement “ situation and (c) managing design

changes. .
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Figure 38. An “agreed” collaboration matrix,

Given the prototype nature of the CDHM, it was decided not to test a live project. This is
justified on the basis of the numerous uncertainties and variables that fall beyond the scope
of this research project. These may have significant impact on ther effectiveness in
achieving an agreement. For example, whether a member is computer literate or not is one
consideration. Uﬁfortunat‘ely, the impact of these factors cannot be readily quantified. Thus
the review or preliminary evaluation can only be done by mimicking the situation where

members exchange their COHM without the actual involvement of any member.

The distribution and reception of information among PT members can be carried out in a
“sequential” mode or “non-sequential” (paralle!) mode, shown in Figure 39. For the sake of
evaluation, it is necessary to see what would happen when a member carries out his

collaborative activities (either 'browsing or authoring) and dispatches the updated CDHM to
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other members. To illustrats, a typical “walk-through” that distinguishes the two different

modes is shown.

Parallel Mode

Figure 39. Two different modes for distributing COHM: Sequential vs. Parallel.

Under the sequential mode, let us assume that HM is the first PT member to kick-off the
coliaboration process at a particular sub-level, say air-conditioning. After HM has entered
his proposal (e.g. chiller plant location) in his collaboration matrix card field, he passes the

CDHM to MS. MS then repeats the same process, except only his own card field can be
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“updated. BSE and SE will repeat the same procedure. As soon_ag the members “Agreed”, a
discussion foliows on the area that will be covered by the new air-conditioning system. A
new card or new collaboration matrix is then created. Again, HM will take the lead by
creating a new collaboration matrix using the “New Card” button. As previously, the cycle
repeats according to the order: MS, BSE, SE and back to HM. So far CDHM can meet the

preset requirements as far as “concurrency contral” is concerned

Now BSE would like to refine the agreement regarding the proposed chiller plant by
attaching a sketch layout to show more precisely the proposed-location. Similar to the
previous order, the matrix is passed to the SE who in turn may wish to change the layout to
show a different arrangement. Unfortunately, there is only one “Check Layout” button that
can be used by members. Consequently the sketch layout attached by BSE is likely to be
replaced by the one suggested by SE and the suggestion of BSE is lost. In this instance,

the "Check Layout “ button is- likely to corrupt COHM in respect of “concurrency control”.

Unfortunately a sequential mode is not common. Members typically choose to “broadcast”
their proposals to all other members in the shortest time period, i.e. adopting parallel
distribution of information. Again, the collaboration process is evaluated by means of the
“walk-through” approach. Similar to before, HM starts the process by adding his proposal to
his field in the collaboration matrix and passes the CDHM to MS, BSE and MS
simultaneously. Each member receives it and starts his authoring in the designated area of
CDHM only, ie. his own field in a collaboration matrix. An updated CDHM is then
“broadcast” to other members. Similar to the sequential mode, a new collaboration matrix is

created for another new topic under the same sub-level using the “New Card” button.
The effect of the “New Card” is examined in more detail. For instance, let us assume the

BSE is working on a collaboration matrix under the Air-conditioning sub-level. Let us call

this CM-A/C1. Now he wishes to switch over to another topic under the Air-conditioning
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sub-level and a ne\& collaboration matrix is created harriely CM-A/C2. The updated CDHM
is broadcast to other members. Meanwhile, it is possible that one of the receiving members
{e.g. MS) may have duplicated the action of the BSE, i.e. created another new collaboration
matrix under a different sub-level, say fire service. Let us call this new collabération matrix
CM-FS2. There is nothing to prevent MS from sending his updated COHM (with CM-FS2
added) to all other members before BSE's COHM is received. Clearly either one of the
newly added collaboration matrices will be deleted depending on whose CDHM arrives first.
That is to say, if a member, say HM receives the CDHM of BSE before that ;)f MS, CM-A/C2
will disappear in HM's COHM. Obviously the requirement to provide éoncurrency control
has not been met when operating in a parallel mode since a new collaboration matrix has

been created adding to the preset ones.

Shortcomings in concurrency control have an unfavourable effect on the control of the “no
agreement” situation. They also impact the management of design changes in an indirect
manner. The validity of any agreement reached is questionable if members are unable to
ensure the integrity of the information from which an agreement is derived. It follows that
archived information that belongs to an unresolved design proposal also suffers. The
deterioration in the quality of design information has in turn increased the difficulties in
tracking design ghanges simply because a member cannot distinguish differences between

a design changé and missing information.

It has been suggested that unsatisfactory performance of concurrency control gives rise to
the alleged deterioration in the quality of informatign. The maintenance of the quality of
archived information is seen as a crucial factor in facilitating design change management.
Hence an interfocking mechanism :s built in COHM to ensure that members can only
archive information that tallies with the “design level” field. However, under the paralle!
mode, the “Archive” button is liable to suffer from the same shortcoming encountered in the

“New Card” button situation. Both buttons yield new information that falls beyond the four
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card fields owned by HM,'MS, BSE and SE respectively. The collaboration matrix CM-A/C1 )
is again taken as an example. BSE and M3 are looking at their own CM-A/C1’s that differ
with regard to the contents of the four card fields. If both archive their CM-A/C1 at the same
time, confusion would arise. Thus some sort of access control has to be built into the

“Archive” button.

The “walk-through” approach is considered again. When a member receives a CDHM, he
can easily identify what has been chan'ged if the size of CDHM is small and if he has a good
memory. However, for a CDHM of significant size, a PT member may not be able to identify
any changes even when he has a very good memory. For any active collaboration matrix,
the four card fields belbnging to respective PT members can be updated many timeé
without some members being fully aware of what has ocurred. As a result, some sort of
notification systerh has to be in place in order to draw the attention of members to the latest

change status as soon as practicable.

in summary, further enhancement to CDHM has been identified, namely:
i. concurrency control to “Check Layoutl” button,
ii. concurrency control to “New Card” button,
iii.  concurrency control to “Archive” button and

iv. notification mechanism to alert receiving member the iast design changes.
4.8 Enhanced CDHM

The “New Card” button is considered first. A problem occurs when more than one member
attempts to create a new collaboration matrix under the parallel mode of collaboration. One
simple solution is to restrict the access right to “New Card” button to one member only. If
this is the case, the next question is “Who has the right?”. Once again, it is worthwhile to

recall Pohl's argument, which suggests that a meaningful representation of the real world
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L object is the prerequisite for a collaborative problem-solving environment. inevitably, the
operation of the Project Team in handling design information has to be revisited, notably in

areas regarding the receiving and dispatching of design files.

In HKHA, each refurbishment project is given a file with a dedicated file number. Each file is
essentially a paper folder that holds all the relevant documents such as memos, committee
papers, drawings, etc. filed in a chronolegical order. The administration of this file is
undertaken by people who do not belong to the project team, i.e. the General Office. The
GO’s main duties are the creation of new files, registering/ filing documents, tracking file
movement among PT members and the disposal. of obsolete files. f PT members are
perceived as real world objects that have been fepresented in CDHM in one way or another,
the administration people (abbreviated as ADM) must be represented as wel! for the sake of
completeness. Consequently, it is reasonable to let ADM be the only authorized person to
press the “New Card” button. However, the existing structure of CDHM lacks a
communication channel between PT members and ADM. This is required to convey the
message asking for a new collaboration matrix. Therefore, the need of a notification ~

mechanism is essential.

A HKHA file folder is made up of three parts:
i. folderr COVGII' ‘where member can i‘nput the identity of receiving person,
ii. index showing the list of documents that have been eichanged between members
and

iii. documents that have been registered in accordance with the index.

Within the index, very often people write a short note (alternatively known as "minutes”) to
supplement the information conveyed by the respective documents in the folder. These
minutes serve as a notification, drawing the attention of the receiving persons to the arrival

of new messages, and important points within the documents. Therefore, it is logical to
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suggest that somethiﬁg similar to the index system should be included in CDHM with a view

to providing the notification function.

Pursuant to the above analysis, two real world objects have been identiﬁe-d. ie.
administration people (ADM) and the index. As regards ADM, the most meaningful
representation is to modify the Interface card for the logging in of Identity (Figure 30) by
providing one mare choice in additicn to the existing ones (BSE, MS, SE and HM), i.e. ADM.
This is to cope with the situation where ADM is expected to maintain the exclusive right to
create a new card. To this end, the interface card is modified as shown in Figure 40. The
normal operating sequence is that the “New Card™ button is normally disabled unless the

display of the Identity field is “ADM".

With regard to the “Archive” button, it is not practical to impose restrictions that enable only
one authorized member to activate the “Archive” button for the whole CDHM. However, the
requirement arising from the consideration of concurrency control is that each collaboration
matrix should be archived by one member only. If the collaboration mode is sequential, no
additional scripting is required for the “Archive” button. The main concern takes place under
paraltel collaboration where members may simultaneously carry out archiving to the same
collaboration matrix. One alternative arrangement is to restrict the access right of members
to the “Archive” button in rélation to the choice of design level or sub-level. For example, for
Level 1 and Level'2, HM - the client's representative - may be the most appropriate to be
charged with the responsibility of deciding whether a collaboration matrix should be
archived or not. Similarly, for Level 3 and Level 4, each member should be responsible for
his own design sub-levels that belong to his area of expertise. This being the case, BSE
becomes the only member with the authority to archive collaboration matrix under air-
conditioning design sub-leve! of Leve!l 3 and Level 4, and MS has jurisdiction over signage,

s0 on and so forth.
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Figure 40. Modified Interface Card with ADM added.

The remaining thanceme’ht in réspect of concurrency _control arises from the “Check
Layout” button. The concept and technique adopted in controlling the access right to the
four card fields can be directly applied. That is to say, the “Check Layou!” button is
converted into four separate buttons belonging to respective members (excluding ADM).
Each of these additional buttons will perform a full function when a specific card field is
unlocked. (Full function means that it may jump to the requifec_i card showing the required
layout drawing or allow a member to create a link to the desired layout. Whenever the
specific card field is locked, this new button can only go the preset card without any

authority to create a new link.) The enhanced concurrency control is illustrated in Figure 41.
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Figure 41. Enhanced concurrency control.

The four new buttons that replaced the “Check Layout” button will take a user to specific
cards to show the corresponding layouts. Any card carrying these layouts is subject to
constraints in respect of concurrency control similar to those encountered in the
collaboration matrix. In other words, a member who is not the author of a layout is not
allowed to make any change to it. Such a requirement is met by adding script to the card in
question in such a way that the HyperCard user level is adjusted to browsing only whenever

the identity shown in the identity field does not tally with the owner of the card.
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Finally, the second real V\;orld object that has been ider;liﬂed is the “index”. Index is
understood as a separate sheet that records all transactions of correspondence between
members in a chronological order. The representation of the “index” in CDHM is
implemented by adding extra cards that precede the main body of CDHM, i.e. the fulllset of
collaboration matrices. The typical arrangement of an index card is shown in Figure 42. It
should be noted that for each item of comment made by a member, there is a “click” button
by which an express link is or can be made to a specific collaboration matrix. The index
cards are built as four different groups, one for each PT member. Each group of cards is
locked or unlocked depending on the identity of a user, which is the same as the logic
adopted for the four card fields in a collaboration matrix. Again this provides a consistent
level of control throughout the entire CDHM. An “index card” button is built for each

collaboration matrix to provide direct connection to the “index".‘

A “new card” button is also provided for each Index card, which is necessary for the
situation where an existing Index card is full and an additional card is required. The same
togic is adopted for a collaboration matrix, i.e., the “new ‘card” button can only be operated

by ADM.

Figure 43 illustrates these additions.
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CHAPTER FIVE



Chaptér 5: Evaluation

5.1 Objectives of evaluation

Different concepts and techniques have been explored and tested, which give rise 1o the
development of COHM. CDHM is perceived as a means of evaluating the proposed
solutions pertaining to the core -argument_ Therefore, the primary objective of an evaluation
is: to review the entire research strategy as well as the design of COHM in order to confirm

the extent to which such an argument is valid.

With regard to the purpose of the research, it is legitimate to mainly focus the evaiuation of
CDHM on the basic concepts and the design approaches. It should be noted that CDHM
has been constructed and tested as a prototype. The arrangement and implementation vary
depending on the types of authoring tools being applied. The objective of an evaluation may

be stated, i.e., =

O the proposed data structure has to be verified with regard to its validity in representing

the design process, and

O the effectiveness of the proposed hypermedia model in organizing those data in
question has to be assessed.
/
However, it is extremely difficult, though not impossible,l to define ény quantifiable
parameters to measure the extent to which these two secondary cobjectives are met.
Consequently concepts and practices that prevail in the multimedia industry with regard to
evaluation, may be borrowed, on the understanding that multimedia is a superset of

hypermedia (Figure 12).



It has been suggested that the multimedia system does not have a strong tradition of testing,
which leads to the consideration of having different types of data collected for evaluation, i.e.
guantitative vs. qualitative, objective vs. subjective, summative vé. formative, etc. [England,
E. and Finnéy, A., 1996]. In this connection, England & Finney have put forward a variety of
approaches for testing and evaluation from initial conceptual design stage to final release of
a product. As far as CDHM is concerned, those quoted for early development stages,

including concept testing, peer review and prototyping, are likely to be relevant.

Concept testing means trying out the main project ideas on selected groups of p‘eople
representative of the intended user group. The ideas may be presented in a paper
walkthrough or through discussion. Peer review provides a faster approach to testing these
concepts by getting colleagues to bring their expérience to bear on the evaluation of the
concepts of design. Finally, prototypingj is a mock-up of several of the key features of the
project. It is designed to obtained feedback on the general quk and operation of the design
duringr develcpment. Cleérly these different approaches are qualitative and have to be

further elaborated.

With regard to the evaluation of CDHM, the intended user group in the concept testing and
the colleagues in the peer review overlap. Under such circumstances, these two different
evaluation exercises may be carried out simultaneocusly. Therefore, COHM was presented-
toa gréup of building services engineers experienced with refurbishment projects. Finally,
CDHM itself is a prototype that manifests the rn'ain features of the research argument.
However, it has been constructed based on the results deduced from the conceptualized
process of the collaborative design activities. Therefore, pursuant to the primary objective of
an evaluation, it is reasonable to carry out a demonstration of the implementation of CDHM

using real project data,



5.2 Concept testing and peer review

The project team responsible for the refurbishment of shopping centres in the Hbusing
Authority were invited to a CDHM presentation. The team comprised Chartered Building
Serviées Engineers, Chartered Mechanical Engineers as well as technical staff who assist
the engineérs in their design work. The presentation was broadly divided into three parts:

0 introduction of the concept of CDHM,

d live demonstration of CDHM, and lastly

O panel discussion and feedback.

The general response was positive. The theme of the research project is considered to be
relevant to the tasks of the project team. There is no disagreement about the concept of the
* CDHM architecture. No additional level or sub-level is suggested. One major comment is
that COHM -is exactly the right tool for project team members to retrieve archived design

information with confidence because it performs re1iébly in the locating of design information.

However, the limited capability of CDHM in handling graphic information is seen as a
shortcoming. Furthermore, the need of a PT member to take up the role of “editor” is briefly
discussed. There is no conclusion as to which member should be the editor. Apparenily

members favour a more flexible arrangement in the course of developing a design brief.



53 Derﬁ'onstration of COHM with real project data

The CDHM has been constructed as a prototype by observing the desigh activities of a
typical refurbishment project in a real situation. The results of the observation have‘ been
analyzed and transformed into a hypermedia structure explicitly. However, it is necessary to
test the essential functions of the CDHM prototype by “running” it using typical project data.
It may be argued that the prototype should be “run™ under a live environment in order to find
out the whole truth. (By “live” it is meant that the activities of a project team will be observed
throughoﬁt the period during which the CDHM is applied in developing the client's brief of a
particular project.) Unfortunately the length of such a period will typically last for one year.
Obviously the “live” option is by no means a viable approach as far as time is concerned.
The major concern for this part of an evaluation is to obtain relevant data to “run” the
profotype. In fact, such data is available from thé existing manual filing system where all
corréspondence and committee papers of a project are archived. Hence, it is argued,
project information may be extracted from these files in such a way that CDHM could be

]

“run” to simulate the “live” arrangement.

. However, although testing using archive project data requires much less time and
resources for testing, an inherent constraint is evident since all the response of respective
PT members regarding hands-on experience with CODHM is ignored. Te overcome this
difficuity all project data has been input into CDHM by one person only. Thié person plays
the roles of all four PT meﬁbers in an alternate manner (for easy reference, this testing
method is therefore named “Role-play Method”). Nevertheless, such a gap can be bridged
to a certain extent by conducting the “peer review” that would form part of the entire
evaluation exercise. The testing using Role-play Method is sub-divided into the following
steps:

.0 collect copies of archived project information in relation to the formulation of the first

version of a client's brief,



3 arrange these copiesina (éﬁronological order,

0 input project iﬁformation into COHM according to the ownership of such information,

0 count the number of collaboration matrices that have been created under respective
design sub-level, ‘

0O count the number of collaboration matrices that are stamped “Agreed” and “Archived”
and

O compare these "Agreed” and “ Archived” items against the original version of client's

" brief that was developed without CDHM. '

As far as the last step is concerned, the purpose is to assess the representation of a client's
brief under the CDHM environment in terms of its clarity and adequacy: A full set of cards
created in COHM is shown in Appendix 3. The cards represent a typical navigation path
through CODHM as well as the sequence of exchanging COHM between PT members. This

latter part represents the negotiation about a new transformer house location.

" The background and partigulars of the project that have beén used to “run” CDHM is briefly i
described. The name of the shopping centre has been abbreviated to FSH. The building
has a life of about 14 years and serves a population of about 34,000 residents. The
shopping centre is a 3-storey building with é retail area of about 7610 m* (IFA) close to the
bus terminus and provides one Chinese Res{aurant, 2 fast food shops and 38 limited trades
shops to cater for the daily needs of the residents. A market with 86 stalls is situated on the
grouhd floor of the carpark building adjacent to the shoppfng centre. The cooked food stalls
are located over a separate freestanding terrace {refuse collection point underneath). The
client is of the opinion that the finishes are obsolete, that the commercial facilities in the
centre are inadequate to meet the rising demand of shoppers and that it is difficult to
competle with the private shopping centres in close vicinity to FSH. The estimated cost for

the FSH refurbishment project is 75 million Hong Kong dollars.



During the demonstration, s-éve.ral additional buttons have been created to facilitate access
to Index Cards, Figure 44. During the development phase it is found that confusion arises
during authoring and navigation because of the similarity betwegn collaboration matrices
belonging to the same building system (such as air-conditioning} yet on different Levels.
 Under such circumstances, each collaboration matrix is denoted with its respective Level

number, Figure 45.
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ROUND 3: Feedbacks from BSE, MS and SE.
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these conditions can be fulfilled in due course. Therefore BSE indicates his

agreement. (As the CDHM Display Sequence of subsequent navigation is aimost

identical with the first part of ROUND 3, the following presentation begins at

“Transformer House 2" of Level 3.)
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their agreement into CDHM according to a navigation path that is exactly the same as
that of BSE except with a different Identity Field. The result is an “Agreed”

collaboration matrix as follows.
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53.2 Obsen}atio_n and comments

The demonstration has been carried out using the prototype CDHM that covers design
activities from the beginning of the feasibility study up to the completion of the first draft of
the design brief. It is successful in terms of adequacy as well as effectiveness in capturing
and representing all key project information in relation to the development of a client’s brief.
First, the concurrency control mechanism has been shown to be viable through the
construction of CDHM. Second, the performance of the control of a “no agreement”
situation is satisfactory. This is substantia_ted by the statistics of the CDHM that have been

“run” using design information of a real refurbishment project of a shopping centre, Figure

46.
Collaboration Matrices Collaboration Matrices | Collaboration Matrices
created utilized - “Agreed”
(with input of project information) |
Level 1 1 1 -
Level 2 22 19 10
Level 3 17 11 4
Level 4 11 1 -
Total 51 32 14

Figure 46. Statistics of “running” CDHM,

Figure 46 indicates that over 40% of the “utilized” collaboration matrices can be conciuded
and agreed to by all PT members. The figures also confirm that the proposed measures for
controlling the “no agreement” situation is statistically at least 40% effective. The

effectiveness can also be assessed from another perspective. For example, the resultant
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CDHM can be cd;npared with the subsequent draft design brief that has been (previously)
documented in the paper system. In principle all improvement proposals given in the design
brief should coincide with those "Agreed” collaboration matrices of COHM. Naturally there
are discrepancies between these two different groups of information which have been
organized through different media and methodologies. The design brief contains 25
improvement items in which & items are not directly included in the development process of
CDHM because these are standard infqrmation from the perspective of “Basic Information
Model” {Figure 5). A typicaj example is “the shops shall be provided with basic facilities
according to the Estate Facilities design Guide-Commercial Centres of the Housing
Authority, licensing and environmental protection regulations™. Consequently, the design
brief essentially has 19 improvement items. The results of the comparison are shown in.

Appendix 4 and are summarized below, Figure 47.

Status of Impro'vement ltem Nos.
Improvement items with corresponding “Agreed” collaboration 15
matrices
Improvement itermns with corresponding collaboration matrices with no 2
agreement :
Improvement items without collaboration matrices 2
Improvement items requiring no collaboration matrices (standard 6
information) :

Total 25

Figure 47. Comparison of design brief against COHM.

By neglecting the standard information items, COHM has captured almost 80% (i.e. 15
items out of 19 items) of the design brief on the understanding that “Agreed” collaboration

matrices essentially represent the design brief. Furthermore, there exists at least one
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“Agreed” collaboration matrix that cannot match any improvement item of the design brief
and which is obviously an overiooked item. In other words, CDHM is more reliable in

ensuring all “Agreed” items will be included in the design brief.

It has also been observed that there are cases where a member prefers to impose
conditions on his improvement proposal agreement. Currently no facility exists in CDHM to
cope directly with such a situa_tion. Aiternatively, the collaboratipn matrix that repfesents this
improvement proposal could be archived while further negotiation of the proposal might
continue by starting a new collaboration matrix. This process might carry on unti an

“agreed” collaboration matrix is abtained.-

Regarding the effectiveness of managing desigh changes, it can be shown that it only takes
a few mouse clicks to reach the target item, notwithstanding that there are over 50
collaboration matrices in CDHM. It may be' argued that the retrieving of a specific design
item can be carried out more directly by means of keyword search. Again, it can be shown
théf as far as authoring is concemned, keyword search is less productive than navigating in
accordance with the orientation and guidance provided by the CDHM structure. For
example, if the term “transformer house” is searched, the results return 11 nos. (implying a
minimum of 11 mouse clicks) to locate all items, while it only takes three to four mouse
clicks to reach exactly the item that contains “transformer house” by following the CDHM
structure. The size of CDHM (hence the nos. of collaboration matrices) grdws when the
design brief is further developed. The four-level architecture of CDHM has provided a
relatively efficient and accurate means for retrieving archived data relating to managing

design changes.
The foregoi'ng paragraph indicates that navigation is superior to direct searching in

retrieving the right item. In fact, it has been suggested that information retrieval techniques

like computing precision and recall are not directly usable in the evaluation of
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characteristics of hypertext infﬁrmation retrieval system [Agosﬁ, M_., 1996). In order to
compute precision-and recall one needs a collection of documents, a set of user cjueries
and a set of documents known to be relevant for each of those queries [Smeaton, A. F.,
1996]. However, the situation in CDHM is somewhat different. A major task of COHM is to
provide navigation and searching facilities to several users working in a collaborative mode
within a single document, a document which could be significantly large. CDHM is virtually a
“I{ve" document, meaning it is updated continuously uqder a commenly accepted protocol.
Obviously, the relevance of any subsequently retrieved data whose purpose is fo facilitate
navigation is ensured by the characteristics of the CDHM architecture. It follows that the
most crucial concern of an evaluation is the validity of the CDHM architecture, which can be

verified by peer review.
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CHAPTER SIX



Chapfer, 6: Discussions and conclusions

6.1 Diécussions
6.1.1 Innovation

A qualitative approa;:h to engineering design is not common. This is particularty so at the
detailed design stage where intense mathematical analysis is common. However, detailed
design cannot be carried out in the absence of well-defined con.cepts. At the preliminary
design stage these normally warrant significant collaboration and agreement from all project
team members. Exchanging design information and managing design documents are the
activities that form part of a collaborative design process. However, these activities alone
' rarely ensure meaningful communication between project team members as far as an
agreement to a design concept is conberned. While the quantitative aspects of collaboration
may include various countable items such as the number of documents generated and
shart-ad between the collaborating part‘iles. design issue statistics referre:d to in this research
project indicates that there are still many aspects of collaboration that are not readily
quantified. The representation of an agreemént about a design cancept is a typical example.

Hence the choice of a qualitative method deserves serious consideration if this portion of -

the design process is to be investigated.

This research project attempts to tackle this situation in an unconventional manne;r with
respect to the current practice in HKHA. The study has gone beyond the conceptual
modelling by taking an in-depth analysis of the practical sequence where the pursuit of an
agreement is developed against a respective design issue. Proprietary solutions for
collaborative work tend to provide a platform for collaborating parties, who are located in
different parts of the world, to access and to view a drawing or a document simultaneously.

As such the strength of the Internet is being harnessed in response to the need of doing



business on a global scale? A solution offered by a softwar; developer is likely to be as -
general as possible in order to attract more customers. However, a collaborative design
process for the construction industry is so complex that the transmission of a document
over the Internet is not the main concern if the contents of design activities are to be
organized meaningfully. If a simple tool is adequate to meet the local needs (such as the in-
house application in' this'- research projecf), the procurement of a mega-scale system is not
readily justified. CDHM is built us;ing HyperCard that costs 100 US dollars for each copy and

can be shared over an existing network, intranet or Internet.

Therefore, CDHM is innovative in the sense that it provides a paradigm for collaborating
project team members to anchor his /her design concept and preferences in an integrated.
model in contrast to the fragmented design information traditionally found in a'paper-bound
file system or e-mail system. There is no imminent need to provide a dedicated Intranet
system because the basic Internet service is adequate. The chance of having missing links
in the design development process can be minimized. its simplicity and minimum level of
intelligence allow a usér to have maximum control ov’éf his/her pace in authoring and

communicating with other members.
6.1.2 Open forum

The title of this research project features building services engineering system. The
research itself ends up with a computer-aided system, the concept of which appears to be
applicable to all disciplines of a refurbishment project. Indeed the research has been started
from the perspective of a building services éngineer in contemplation of a simple but
essential purpose, i.e. the quest for a survival kit to enable a BSE to perform competently in
response to a client's changing requirements. It can be seen from the four-level
configuration of CDHM that the definitions of the sub-levels are oriented to building services

engineering design in most cases. It is possible that a structural engineer may customize
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the CDHM by putting additional sub-levels into the model structure to suit his own purpose,
such as a 'Framing Plan'. HoWever, it is fair to ask a simple question, namely ‘Is CDHM a

tool for the BSE only?'

The answer is surely no. The model, although biased towards the BSE, is sufficiently robust
to cope with all construction professions. For example, an air-conditioning design
programme and a framing plan design programme may be integrated intp one system so
that any major structural openings - say to provide a passage for a large air duct - may be
analyzed through the same mathematical iteration. This would not be the case in normal
practice since design packages are tybically developed by experts for their own field (e.g. a
BSE develops a building sefvices engineering design package) and no ‘jack-of-all-trades’ is

competent enough to master all the knowledge within a single development.

The CDHM demonstrates that the overlappin‘g of discipline boundaries is inevitable if a BSE
is determined to collaborate with members of other disciplines. A ‘vice versa’ situation will
occur if an MS, say, wishes to collaborate in the same manner. In other words, the CDHM is
the vehicle that enables all PT members to work together in a collaborative design
undertakings. CDHM provides a platform for an open forum that helps to integrate different
design concepts and statements with often no expectations of a solution. in brief, CDHM is
an BSE-oriented system that can be readily modified to accommodate requirements of

other disciplines.
6.1.3 Flexibility and constraints

It has been stressed that providing flexibility in the user-interface is important for tackling
complex problems (Section 3.6). However, COHM has been developed to allow only four
PT members to work concurrently. Thus COHM may be said to be inflexible if the number of

participating members is to be increased at any time. (The basic module of CDHM is a



collabo;étion matrix which is essentially :a four by two matrix. “Four” représents the four PT
members. If this number is changed from four to five, COHM would need to be modiﬁed, ie.
card by card.) However, the CDHM may be configured to accommodate more PT members
to allow ‘spare’ membership for future expansion. Nevertheless, such a ‘spare’ proﬁision
does not enhance the flexibilty of CDHM where coping with a changing design is

concerned.

For a given project, the number of key parties participating in the design process should
remain unchanged. Flexibility is most needed to handle a developing design proposal, i.e.
the specific design requirements as defined in the Basic Information Model {Figure 5). For
this reason the addition of sub-levels better facilitates this basic principle. Furthermore, it
agrees with the earlier findings that a hypermedia node cannot directly emulate a “PT
member” (Section 4.3), The main concern is to have adequate flexibility in representing the

conbepts generated by members instead of the “name” of a member.

Thére is ancther area where the aspiration for flexibility conflicts "with the elements of I‘
coflaboration, i.e., concurrency control. Concurrency control has been built into the system
to prevent any unauthorized access and/ ¢r change of design information. Hence it may be
. argued that the controlled area is inflexible since it denies access to unauthorized members.
However, the “All agreed” and "Archive"' buttons can be operated by any PT member.
During the “Peer Review” of the evaluation, someone suggests that an “editor” may be
required in order to conclude a debate over controversial issues or otherwise the story will
never end. In other words, consideration has to be given to deciding whether concurrency

control shouild be extended to these two buttons in question.

Under the current arrangement, the “All agreed?” button will not stamp any “Agreed!” to a
card unless all the fields of the four PT members are the same. Therefore, indireét contral

already exists. On the other hand, any one can operate the “Archive” button, meaning a



BSE may archive a collaboratibﬁ matrix if he does not like the idea of HM. Though the HM
may have an unpleasant feeling when his proposal is archived by another member,
archiving helps to record the client’s brief history. Archived information {by whom and for
what reason) helps the coliective memory wherever a client’s brief is questioned or rev.isited.
Project team members, knowing that they can question and reject proposals, would use this
facility fairly since their views remain ‘open’ throughout the project. The presence of this
obsolete “Archived” information does no harm to the effectiveness of CDHM because it has
been clearly marked with regard to identity. In summary, the level of flexibility is appropriate

far the task that has been defined.
6.1.4 Industry Foundation Classes

* CDHM has been targeted for users belonging to an in-house design team. Under normal
circumstances, all PT members should have no difficulties in understanding each other as
far as adopted terminology is concerned. For example, they have similar specifications,
conditions of contracts, drawing conventions, etc. COHM ensures a consistent description
of an improvement proposal at different ievels of the hypermedia model, a description that
can be recognized réadily by all PT members. Problems may arise though if QDHM is to be
shared with outside professionals in a situation where a project is outsourced to a private
architectural firm. In this instance the “in-house” language may not be fully understood by
outsiders. For example, the meanings of “switch room™ and “meter room” differ in the Hong
Kong Housing Authority while in most private practices they mean the same. Clearly there
are gaps in information sharing in the construction industry as a whole in Hong Kong.
Solutions are being developed to bridge the gap with the awareness by researchers and

practitioners of potential international business benefit.

Typically the Industry Foundation Classes (IFC) have been developed by the International

Alliance for Interoperability (IAl) to provide a data exchange and sharing facilities for the
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building and construction sector of the industry [Wlx J, and Liebich, T., 1998a]. In b;ief, the
IFC provides the framework and techniques for information exchange by describing “what”
this information is and “how” it is exchanged. However, in reality construction domain
knowledge lies outside the focus of the core product and process modelling activities such
as IAl [Lockiey, S.R. and McGregor, C.D., 1998]. Consequently, as far as CDHM is
' conperned, the modelling language cannot be readily formalized under the IFC-framework.
Nevertheless, CDHM should be IFC-proved in the long run if the scope of collaboration is
extended to the private sector. However, there is little evidence to indicate that the Hong
Kong Construction Industry is moving towards IFC solutions, a pivotal condition for any
further investment in the development of systems similar to CDHM. Therefore, it is
premature to say that COHM should be IFC-compliant when considering the very “localized”
situations for which the real benefit of IFC has yet to be demonstrated. indeed there are
comments that there is still not enough hard evidence coming from real projects to fully
convince Construction industry to continue their support for the development of IFC [Wix, J.
and Liebich, T., 1998b]. |

o -

6.1.5 Publications

The work of this research project was reported in three international conferences and one
international journal. These conferences and journal are with vested interest in the
Construction Industry except the first one which was the first paper submitted during the

study period. Highlights of these papers are summarized below in a chronolbgical order.
InterSymp-97
The first paper was submitted to the “International Conference on Systems Research,

Informatics and Cybernetics”™ (InterSymp-97). It was presented in the Focus Symposium

“Advances in Collaborative Design and Decision-Support Systems”. Professor Jens Pohi
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who T.vas the Focus Symposium Chair‘is in charge of the CAD Researcﬁ Centre {CADRC) in
the US. The Symposium featured various solutions to complex problems typically found in
industry, commerce and government organizations. (CADRC collaborates with the US Navy
for developing decision-support systems for military deployment applications.) The ‘paper
was prepared at the very early stage of the research work while CDHM was not yet

developed.

The paper “Collaborative Design in Building Services Engineering” in which the concept of
applying hypermedia was suggestgd as a way to handle the design for the refurbishment of
a shopping centre under a collaborative approach. The papers of the 'Symposium were
grouped into four sessions namely (1) Computer-Assisted Design Tools, (2) Collaborative
Design Partnership, (3) Computer-Assisted Design Systems and (4) Building Simulation
and Reconstruction. The paper of this research project is grouped under Session 2. The
most crucial concept shared by all presenters in Session 2 was that a tool {instead of a
“canned” solution) should be developed in the tackling complex problems. This symposium
was one of the important milestonies with regard to the progress of the research in that the
cognition of the collaborative design process as a complex problem was established. It

formed the basis of subsequent development work.
ECPPM'98

The second paper was presented at “The Second European Conference on Product and
Process Modelling in the Building Industry” (EC-PPM'98) under the title “Hypermedia and
Collaborative Design”. The EC-PPM'98 brought out the European spirit in the quest for
universal solution on a multi-national basis to the application of information technology in
the Architecture, Engineering and Construction (AEC) industries. This was quite different
from the focus of InterSymp-97. The establishment of the Industry Foundation Class (IFC)

was seen as the corner stone for providing long term solutions to the interoperability
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problem of the AEC indust;y. which gave rise to the study oi; product and prdcess modelling. -:
(The IFC was widely covered in the conference.) InterSymp-97 demonstrated a problem
solving approach that endeavoured to provide a flexible tool for specific problem situations
typically found in the decision-making process, by tapping the power of agent-based
systems. It was one 6f the common practices adopted by researchers in America. On the
other hand, European systems stressed the strength of a common protocol or data
structure that was expected to be developed through a very long term and tedious process.
Under such circurmnstances, the proposed hypermedia model of this research may be seen
as a short-term solution when contrasted with research projects related to IFC. The editor of
the ECPPM'98 made a comment in the preface of the conference proceeding: “Young
researchers see more dynamic research areas with short timeframes for delivery of

completed systems. [Amor, R., 1998]

Subsequent to the presentation in ECPPM'88, two essential elements that determined the
future direction of the research were identified. First, it was unlikely that the agent-based
approach could be pursued any further as an attempt fo satisfy requirements for flexibility.
Second, the need for a systematic approach in building a data structure had to be further
reviewed notwithstanding the pursuit for a IFC-proof system might not be entirely relevant.

The second paper was presented in the Process Modelling Session.
Automation in Construction

Subsequent to the Intersymp-97 and ECPPM'98, the hypermedia approach in resolving the .
collaborative design process was recognized as a sensible protocol internationally as far as
thé handiing of the design information was concerned. Nevertheless, the analysis of the
design process as well as the representation of the design intent regarding the tracking of
their subsequent variation had to be further elaborated. In order to verify the validity of the

concepts derived from such an analysis, the results of such further work were published in



the journal “Automation in Construétion" (AUTCON). The title of the journal paper was
“Refurbishment of building services engineering systems under a collaborative design

environment”, which was submitted in February 1999 and published in January 2000.

Three major concepts were elaborated in the AUTCON paper. First, the identification of
primary information elements was presented as a result of an in-depth analysis of the
' coliaborative design process. Second, the purpose of a refurbishment project was reviewed
again from a different perspective using the Soft System Methodology, which gave rise to
the root definition (the core purpose) of the system under consideration. Though the root
definition was eve.ntually superceded by another (Section 3.3), these concepts formed the
basis for the evehtual development of the Preliminary Collaboration Mode! (Figure 9). Third,
the paper stated that the representation of an agreement between project team memberé

could be defined in terms of ownership of an information item, Figure 13.

The AUTCON paper was revised prior to publication as a result of comments received from
the reviewers. The concern of the reviewers were twofold. First, a tangible solution was
expected in addition to the proposed methodology. Consequently, the ‘Preliminary
Collaboration Model’ was added. Second, the “comparison” of agents and hypermedia was
considered to be inappropriate. In this connection, it was further explained that there was
never any intention to compare agents and hypermedia directly. The purpose of raising
such issues was to argue that different tactics of handling information might be applied to
different parts of a collaboration process. In other words, as far as a shopping centre
refurbishment project was concerned, the need of a tool for organizing information using
hypermedia was thought to be more productive than a very intelligent system typically found

in agent-based applications.
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INCITE 2000

Finally, the concept-that an ap-propriate architecture of organizing design information might

facilitate the collaborative design process was proposed and published in the Internétional

Conference on Construction information Technology 2000 {INCITE 2000). The title of the

paper was “Collaborative Design: A Process Model for Refurbishment”. According to the

Conference Proceedings, submitted papers were grouped under five different themes:

O

O

Theme 1: Organization and Management of IT
Theme 2: Information Management System
Theme 3: Virtual Environments

Theme 4: Methods and Software

Theme 5: Electronic Commerce

The paper was placed under Theme 3, i.e. Virtual Environments. The collaboration matrix

elaborated in the paper was perceived as a dynamic system representing a real world

problem. It echoed one of the basic concepts, i.e., a ﬁeaningful representation of the real

world objects is essential for the development of a collaborative system.
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6.2

Conclusions

The analysis éf the primary information elements in respect of the development of
the client’s brief in refurbishing a shopping centre is carried out. The results suggest
that the design activities of each project team member can be represented by a
typical basic information model comprising a fixed data set as well as a variable
data set. Fixed daté typic_a’|ly include engineering design stahdards, building
regulations, existing conditions of a shopping centre as well as the prevailing social
norm and political background. Variable data are the improvement proposals and

specific design requirements, and the views and actions of individual PT members.

The connection of the basic information models of respective- project team
members results in the preliminary collaboration model. It gives rise to a complex
problem situation that warrants a flexible approach t.o resolving the problem, i.e, not
solutions to predetermined problems. This complex problerﬁ is analyzed using the
soft system methodology, which defines the root definition or core purpose of
refurbishing a shopping centre, i.e. the acquisition of a-design information set that
ﬁan be retrieved more effectively in comparison to the conventional practice
undertaken by BSE, HM, MS and SE subject to the three-tier authorization

hierarchy of HKHA.
Variable data of the preliminary collaboration model constitute the critical
information type pertaining to the collaboration of PT members in meeting the

requirements of the root definition.

The strength of classification of relations between information objects in enhancing

the effectiveness of hypermedia systems, subsides in a collaborative working
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environment requiring a sequential representation of collaboration events. Such a .

representation is not readily available in the classification approach.

Notwithstanding the limitation of the classification of relations between information
objects, the classification approach does provide the framework for defining an
agreement in hypermedia terms between PT members with regard to a design
infarmation objfzct. As such, an agreement imp?ies that all PT members have the

same relation (‘propose’ or ‘own’) to the object in question.

A coliaboration matrix can represent the variation of a ‘propose’ relation with regard
to its positive sense as well as negative sense against different design options
hence providing the required. framework to track the sequence of collaboration

events.

A PT member cannot be emulated in a single hypermedia node which should
represent at least one”collaboration matrix, while the collaboration process can be
manifested as many connected collaboration matrices:- the Collaborative Design

Hypermedia Model (CDHM).

‘The conceptual CDHM is prototyped by defining an architecture of the design

information in_four levels conforming to the common practice of PT members. This
can meet the performance requirements in concurrency control as well as resolving

‘no agreement’ situations under an asynchronous mode of collaboration.
The CDHM provides a direct and effective means for a building services engineer of

an in-house design team to capture and retrieve design information in developing a

client's brief with regard to the refurbishment of a shopping centre.
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X. ~ The CDHM provides a relatively open environment where a client's brief for the
‘refurbishment of shopping centre can evolve in an interactive manner through the

collaboration between PT members who are not bound by any pre-conditions.

XL The collaborative design process can be represented meaniﬁgfully in hypermedia
provided the representation is implemented under a multi-leve! configuration in
respect of the design information. The muiti-level configuration allows a PT member
to act as an author as well as a reader for the same document. It enables the
tracking of archived information by navigation and allows access to any previous
design decision with certainty instead of interpreting a set of searched data whicﬁ is

not fully relevant to a query.

6.3 Recommended future work

Thg future development of CDHM can be contemplated in at least t;vo directions. First, its
scope of application can be extended to the construction stage in such a way that the
design activities of the contractor may be integrated with the client’s brief. Obviously there
are limitations in recénciling the contractor’s design with that of the client. As far as building
services engineering systems are concerned, a contractor's design will involve the setting
out of the routing of various service pipés and ducts through the heavy use of graphics such
as shop drawings. CDHM is weak in handling graphics on the one hand and on the othér is
proficient in the articuiation of design intent primarily in a text-based environment. Much
work has to be done to investigate the relationship between these two different modes of

expressing design intent. Perhaps IFC is one of the aiternatives.

Notwithstanding the debate whether the Internet is a true hypermedia system or not

(Section 3.8), the proliferation of e-business will certainly give rise to a client’s expectation
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to have a ;‘uliy Internet-based CDHM. Whilé the effort for porting COHM toi‘the World Wide
Web environment is not prohibitive, a fundamental question has to be answered beforé the
shift of the. operating platform of CDHM, “What is the implication of collaborating in a
synchronous mode with regard to the productivity of the design process?” A similar qu.estion
can be asked regarding the real benefit of having several people at different locations
simultaneouély working on the same drawing through WWW. CDHM has provided the
fundamental concepts and logic in respect of the précedures essential for collaboration to
capture and organize design intents. Further application in WWW is deemed as another

major area of research.
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Results of survey to design dﬁcmnentreoordsof three shoppingoéntre impfovementprojects |

APENDIK |

Project Title CY Shopping Centre SK Shopping Centre PH Shopping Centre
Building Main

$95,300,000 $26,679,812.69 $13,380,022
Contract Sum
Electrical 36,650,000 $2,724,885 S1131400
Sub-contract (included in Building Main Contract) || (included in Building Main Contract) (inciuded in Building Main Contract)

Fire Services

$1,471,840

$699,340

§379,806

Sub-contract (included in Building Main Contract) || (included in Building Main Contract) || (included in Building Main Contract)
Air- $7,730,000
conditioning --- -
Sub-contract {included in Building Main Contract)
Lift / Escalator
seperate $4,905,800 $1,720,000 -
contract
Total Project
£100,205,800 $28,399,812.69 $£13,380,022
Sum .
Prelimimary Design Detail Preliminary Design Detail Preliminary Design Detail
Design " Design Design
(23.6.93 -23.294) | (24.294-20.1296) || (16.5.97-21.59%) (22.5.99 - 1.2.00) (16.5.96 - 28.11.97) | (29.11.97 - 2.11.98}
Document Typel| Text Textw/ | Text | Textw/|| Text | Textiw/| Text | Textw/|| Text Textw/ | Text | Textw/
Text Drawing Drawing Drawing Drawing Drawing Drawing
vs. - . o
Text w/
Drawing
Quantity (Lot) |z 16 4
PH Shopping Centre

29%
(18 Lot)
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Grouping of design activites vs. information type based on archived project records of FSH SC improvement project

APPENDIX 2

Document Date Background Improvement Improvement Scope of Work
Type Information Objective/ Proposals {Location of major
Strategy {Major requirements) facilities)
Materials, Plant
Sizing, Construction
Details (#)
1 Case 26.6.1996 Environmental (¢  Central A/C + Central AC 1o
Meeting and.  Centralle Cooked Food market and
(Notes of AIC Stall relocation common area of
Meeling) Marketing +  Decking Over shopping centre
Study ¢ Retailingrease | Refail addition of
Circulation ¢ Finishes 600 m?
Study + Performance |¢  Lighting
Condition Venue improvement
Appraisal +  Renew false ceiling
Structural +  Additional
Appraisal escalators
Previous/ + Cover to
Short-term performance venue
planned +  Signage
improvement improvement
waork
SWOT analysis
Memo from HM| 18.7.1996 ¢« Data for A/C Location for
to MS and BSE charges transformer house
and main switch
room
Location for chiller
plant house
Memo from 24.7.1996 ¢+ Data for AC
BSE to HM charges
2™ Case 29.7.1996 Data of existing + Different scenario Location of chiller
Meeting Mechanical of central A/C plant house
{Notes of ventilation +  Performance stage Location of
Meeting) " system of cover transformer house
market ¢  External fagade Retail increase:
renovation conversion of store
+ False ceiling house into shop
replacement stalls
+  Lighting Location of new
improvement escalator
+  Signage Replacement  of]
improvement parapets at the
+  ExitV smoke doors voids of 1/F arcade
replacement
+  Existing railing
touch-up
Memo from HM| 27.8.1996 Structural feasibility|
to MS (cc. SE of Chiller plant
and BSE) house
¢ Technical feasibility
of transformer
house
Memo from MS] 30.8.1996 +  Location of]
to HM (cc. SE : transformer house
and BSE) Location of chiller
plant room
Memo from HM| 30.8.1996 Location of
to MS (cc. SE transformer house
and BSE) Location of chiller
plant room
Memo from 20.9.1996 Location - of
BSE to HM (cc. transformer house
MS and SE) Location of chiller
plant room
Project Design | 15.11.196 +  Central A/Cle  Proposal to provide|” .
Meting option deleted performance stage




{Notes of cover shelved
Meeting) +_.  Renovation of
external fagade
+ Replacement  of
Exit’Smoke doors
¢.  Replacement  of
false ceiling
+ Llighting
improvement
+  Signage
improvement
+  Existing railing
touch-up
+  Parapet wall
replacement
Memo from HM| 18.11.1996 Request for[¢  Request for cost
to MS, BSE general estimate
and SE comment
Memo from | 26.11.1996 ¢+ Reply for ocost
BSE to HM eslimate
Memo from MS| 18.12.1996 + Reply for cost
to HM estimate
Draft Design | 18.12.1996 Shopping Improvement |+  Addition of retail
Brief (from HM centre . history objectives space
to MS, BSE and general +  Vertical
and SE) layout acecessibility
+  Transformer room,
switch room and
meter room
¢+  Fire service
facilities
+  Finishes
+  Lighting
4 Signage system
Memo from | 30.12.1996 Agreement to|l+  Agreement to draft
BSE to HM draft  design design brief
brief .
Memo from MS|  7.1.1997 Agreement to|e  Agreement to draft
to HM ‘draft  design design brief except
brief the [FA of new
shop changed from
600 m? to 440 m?
Merno from SE| 8.1.1997 No commentto|¢ No comment (o
to HM - draft  design design brief except
brief additional
requirement to
foundation
Case 29.4.1997 Draft  design]e  Draft design briefle  Exact location of
Conference brief endorsed endorsed in new shops to be
(Notes of in principle principle further explored
Meeting) * Location of
transformer house
to be further
explored
* External fagade

renovation  should
be cost-effective:
consider tile filler in
lieu of total re-tiling

*#)
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APPENDIX 3

Printout of CDHM cards (full set)

Remarks: The cards of CDHM are shown according to the order that a card was
added into the HyperCard stack in a sequential manner and these are for reference
purpose only. It should not be seen as the actual sequence in the development of a client's

brief.
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[5]
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Click
I
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~ APPENDIX 4

Comparison of draft design brief vs. results of prototype CDHM demonstration

Remarks: The prototype CDHM caly covers Section 2 (Improvemzent Objectives) and Section 5 (lmprovement Considerstions)

1.1

1.2

I.3

14

1.5

2.1

22

- Fu Shin Shopping Centre, Tai Po was completed in 1986 as a Type' C centre

s other Sections are deemed as standard or background information not directly related to the collaboration process,

Results of comparison
Design Brief for Improvement of Fu Shin Shopping Centre are ghown in this
' , cofumn
=]

INTRODUCTION

(Large Neighbourhood Centre) presently serving about 34,000 residents ( 8938
flats ) of Fu Shin Estate, Ming Nga Court and Yee Nga Court as its primary

. catchment area.

The Centre is a small 3-storey building close to the bus terminus. It provides 1
Chinese Restaurant, 2 fast food shops and 38 shops of limited trades to cater for

the daily needs of the residents.

The market with 86 shopstalls-is situated on the G/F of the carpark building
adjacent to the centre and is able to attract local and outside patronage within the

district.

The cooked food sialls were located over 2 separate free-standing terrace (refuse

collection point underneath) in a contained environment.

The commercial facilities and finishes in the centre are inadequate to meet the
nising demand of shoppers and is difficult to compete successfully with the private

shopping centres in close vicinity to Fu Shin Estate.

IMPROVEMENT OBJECTIVES
To upgrade the facilities of the centre, improve its accessibility, and sustain the m
competitiveness of the centre. MATRX

To provide additional retail space in improving the trade-mix and tenant-mix of 7 SHOWNAS STATEMENT
IN A QOLLABORATION



3l

4.1

“the centre and market, in order to meet the aspiration of residents.

SCOPE OF WORK

The consultant is required to undertake the following tasks in conjunction with

the design work of this improvement project :-

®

(it}

(1)

(iv)

i(V)

-

To appraise the existing condition and design of the céntre,

To explore design of new shop premises and means to enhance the space

usage.
To examine ways and means to improve internal circulation and linkage.

To draw up the scope and proposals of improvement required,
recommend the priorities and stages of work together with cost estimates,
and a programme for implementation.

To examine the nced and advise on the nature of enhancement where
required to the existing building finishes (subject to para. 53.4) and

building services as part of the improvement strategy.

BACKGROUND INFORMATION

The following fact sheet and plans are attached for reference -

Appendix [ - Location Plan

Appendix II - Estate Vesting Order Plan
Appendix ITI - Estate Layout Plan

Appendix IV - - Estate Particulars

Appendix V - Floor Layout Plans of the Centre

Appendix VI - Building Services Technical Requirements
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5.1.5

(]

IMPROVEMENT CONSIDERATIONS

Addition of Retail S_pace

Addition of retail space should comply with the approved Planning Brief

WITH "AGREED"
provision. The Housing Department considers it viable to introduce a maximum » COLLABORATION
. MATRIX

increase of about 600m’ (IFA) for Fu Shin Shopping Centre.

The proposed additional retail space must be identified within the estate vesting <'>SIMI]ARD
INFORMATION
order boundary, otherwise, revision of the vesting order and agreement of other REQUIRES NO

. COLLABORATION
government departments are required. MATRIX

The consultant should study and propose suitable space for additional retail
space, consideration of which may be given to :- '

(A)  Construction of shops of about 440m’ [FA by taking down the wall of the = WITHAGREED"

centre facing the bus terminus and extending the arcade. © MATRXX

(B)  Construction of 4 shopstalls of about 16m® each next to the storerooms ®wm.| \IEFY

facing the loading / unloading area. T MATRY

(O gravan

(C)  Any other location deemed suitable and viable. } m
T0 (DHM

No central air-conditioning will be provided to new shops. Allowance should be WITH "AGRE
made in the detailed design for installation of air-conditioning units by the tenants. MATRIX

The power supply of the shopping centre is provided by 2 x 2500A transformers Y A
and the maximum demand of electricity of each transformer is about 1200A at COLLABORAIION
present, so there is some spare electricity capacity if scale of improvement is not » WITHOUT

extensive. However, the consultant may consider the requirement of a new

transformer room to cater for the scope of impravement. y,
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4

The shops/shopstalls shall be provided with basic facilities according to the <3>57m
INFORMATION

Housing Authority’s Estate Facilities Design Guide - Commercial Centres, » REQURESNO

licensing and environmental protection regulations. MATRIX

STANDARD
Trade designation and marketing of new shops and shopstalls will be decided by " INFORMATION
} REQUIRES NO
COLLABORATION .
MATRIX

the Commercial Properties Division of the Department.

The consultant shall seek agreement from and make arrangement with other @m

departments/utility companies for works to be carried out at the bus terminus and REQUIRES NO
for temporary relocation of the bus regulator’s office if these are affected by W

improvement works.
Improvement to Existing Design and Facilities
To ensure viability of the centre and to cope with the increase of retail space, it is

necessary to appraise the existing design and facilities and propose improvement

measures wherever required. Area of study will include :-

(A)  Vertical Accessibilty

Installation of one additional escalator to improve vertical linkage between }
MATRIX

G/F and I/F in the shopping centre at suitable location.

(B)  Transformer Room, Switch Room and Meter Room

Construction of new transformer room, switch room and meter room may \@
be considered if required by improvement. Suitable location has been. TH AR
identified near the refuse collection point underneath the cooked food ) COLLABORATION
stalls. Consultant may consider other suitable place subject to agreement

of the Housing Manger/Fu Shin. /




522

(&)

(D)

E)

¥)

Fire Senices Facilities

(i) Replacement of exit/smoke doors in the shopping centre. Z WTH

. . COLLABORATION
Consultant should appraise the fire compartmentation and means MATRIC BUT
of escape to comply with current fire safety standard. AGREEMENT
- (i)  Provision of F.S. installations t0 new shops/shopstalls. }3 DITTO

Finishes

(1) Renovation of the external facade of the shopping centre and the ©WH "AGRERr

- COLLABORATION
market cum carpark building. MATRO
(i)  Replacement of false ceiling in the shopping centre. _ } ® DITTO

(w1}  Replacement of parapets at the three voids of }/F arcade in the } 1111

shopping centre. .
(iv)  Touch-up works to the railings in the centre. } ® DT

Lighting

O gz

Improvement of lighting to the shopping centre. } COLLABORATION
: MATRIX

COLLABORATION

Provision of external signages and renewal of internal signages, directories :EDW“ “NaREEY
MATRIX

and suspended shop signs to tie in with new false ceilings.

Apart from the above, other facilities which are considered necessary as part of @srm
' INFORMATION

the main scope of improvement or statutory required may also be explored and REQUIRES NO

COLLABORATION

introduced. MATRIX
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6.1

6.2

6.3

4 Summary of comparison: WITH *AGREEDY COLLABORATION MATRIX )
£3" WTH COLLABORATION MATRIX BUT THOUT AGREEMENT
<27 WTHOUT COLLABORATION NATRI

Scope of Work Not Intended

Provision of central air-conditioning to existing shopping centre, market, and new Y WITH *AGREED"

. . (OLLABORATION
shops is not intended. MATRIC
General improvement inside the market shall not be covered by this improvement } WITHOUT
project unless affected by future improvement design. MATRIX

Improvement to cooked food stalls and carparks shall not be covered by this Y WITHAGEE

improvement project unless affected by future improvement design. MATRIX

Whole scale replacement of existing floor and wall tile finishes in the centre is not ~~ WITH"AREE"

necessary unless considered required to tie in with other improvements. MATRIX

STRUCTURAL CONSTRAINTS

The Consultant, when designing any new foundation, shall pay due attention to

the existing poor subsoil conditions and the low soil bearing capacity.

As revealed in the latest ground investigation report, the area concerned is
overlan by Fill (0-6m), Marine Deposit (6-19m), Alluvium (19-25m),
Decomposed Tuffaceous Sandstone (25-53m) and Grade U1 Tuff (below 53m).

Because of the existence of the Soft Marine Deposit at the site, it is
recommended that the allowable bearing pressure for shallow footing be not more
than 40kPa. Besides that, the Consultant shall also have to pay due consideration
to the possible undue settlement encountered. The above-mentioned Ground

Investigation Report can be obtained on request from the Department.

@ STANIARD INFORMATION REQUFES N0 COLLABORATON WATRI y
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7.4

7.5

1.6

OVERRIDING CONDITIONS

The design shall be checked and centified structurally feasible by a registered
structural eng:ineer sub-consultant appointed by the consultant prior to
submission. The RSE has to check the adequacy of the existing structure in
sustaining the new/modified loads, if any, to the code in force at the time of
original design. Any modiﬁcatir:m which will lead an existing st;'ucture to a
deficient critical state by current design standard shall not be permitted. Extensive
or complicated foundation work or diversion of underground/essential services

should be avoided.

In the case a new structure arises, the design shall comply in all aspects to the
current British Standard and with the relevant ordinances/regulations/rules
currently enforced by other government departments and public bodies such as
Building Department, Fire Services Department, Environmental Protection
Department, etc.

Design for building services shall be checked and certified by a qualified building
services engineer sub-consultant appointed by the consultant prior to submission

to the Housing Department and shall comply with the technical requirements at .

Appendix V1.

Consideration should be taken in the designed implementation of improvement

works to minimize disturbance to the sitting tenants and shoppers.

An environmental impact study should be carried out at scheme design stage and

measures to mitigate nuisance should be proposed.
The consultant is required to :-

{i) Assist Staff of Housing Department in briefing tenants, resident

representatives, local dignitaries, etc. of the improvement scheme.
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10.

10.1

(i) Deal with complaints ansing from implementation of works and site

management; and

(it}  Give technical advice on tenant’s firting-out proposal and - make

recommendation to the H.D. for consideration during construction period.
COST CEILING

The project construction cost shall not exceed 3§ million unless otherwise

approved by the Director or the Director’s Representative.
PROGRAMME

Project period including design and approval from all necessary goveminent

department shall not exceed 36 months, within which 18 months will be the

preferrable works period. *

The overall programme should take into consideration of the lead time necessary

for submission of scheme to . relevant committees and contract tender

arrangement.

INSTRUCTION AND MANUAL TO FOLLOW

The following instcuctions, manuals and dra»ﬁngs shall be provided to the

Consultant after appointment:
() Housing Authority’s Estate Facilities Design Guide-Commercial Centres.

(i)  Signage Manual for Commercial Centres of Public Housing Estates.



(i} Architectural Drawings of Shopping Centre.
(iv)  Structural and Building Services Plans.
(v) Drawing Practice Manual.
102 The Consultant should note that drawings and plans of the existing shopping

centre may not be complete and readily available and the consultant is expected to
venfy on site all information provided by the H A
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Listing of HyperTalk script developed in CDHM

Remarks: In CDHM, HyperTalk scripts have been written and attached to different
HyperCard objects such as bﬁttons, fields, cards and card background. The main purpose
is to realize those specific functions identified in the analysis of tﬁe collaboration process,
such as locking fields for concurrency control, checking agreement, creating new
components of COHM, etc. Regarding the definitions, meanings and syntax of HyperTalk
commands and functions, reference should be made to the Script Language Guide of the
HyperCard manual. The listing below is not exhaustive; scripts of buttons for browsing and

navigation are not included.

Background script

Purpose: to denote project identity by placing project name in the

“Project Name Field” (Figure 31).

on closeCard
if number of this card is 1 then
select text of ¢d fid 1D 1
put the selectedText info background fid ID 6
else pass closeCard

end closeCard
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Field script in Interface card for logging in user identity
Purpose: to denote identity of PT member by placing PT member

identity in Identity field (Figure 30}.

on mouseUp
put the selectedText of cd fid 1 into it
get word 1 of it
if it is empty
then exit mouselUp
else putitinto bg fid 3
if it is bse then answer "l am BSE."
if itis ms then answer "l am MS."
if it is se then answer "l am SE."
if it is hm then answer "l am HM"
if it is adm then answer "l am ADM"
--go’next

end mousellp

Field script in Interface card for choosing design level preference
Purpose: | to denote design level chosen byl PT member by placing the

choice in Design Level field.

on mouseUp
put the selectedText of cd fid 1 into bg fid 2
get word 1 of bg fid 2

if it is empty then exit mouseUp
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t' if it is.improvement then go ¢cd ";bjective“
if it is major then go cd "proposal”
if it is scope then go cd "scope”
if it is system then go cd "system"

end mouselp

Card script to lock field {collaboration matrix)

Purpose: to lock or unlock field of collaboration matrix according to the .

ldentity field status (Figure 29).

on openCard
get word 1 ofcd fid 6
if it is not archived then dolockfield
else doArchived
pass openCard
domenu "redraw screen”

end openCard

on doArchived
set enabled of ¢d btn 13 to false
getword 1 of bgfld 3
if it is adm then set enabled of cd btn 13 to tr:;le '
else exit doArchived

end doArchived

on dolockfield

set locktext of cd fld 1 to false
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set locktext of cd ﬂa 2 to false
set locktext of cd fid 3 to false
set locktext of cd fld 4 to false
set enabled of cd btn 2 to true
set enabled of cd bin 4 to true
set enabled of cd btn 5 to true
set enabled__ of cd btn 6- to true
set enabled of cd btn 13 to false
getword 1 of bg fid' 3

if it is bse then doBse

if itis ms then doMS

if itis se then doSe

if it is hm then doHm

if it is adm then doAdm

else exit dolockfield

end dolockfield

on dobse
set locktext of cd fid 2 to true
set locktext of cd fid 3 to true
set locktext of cd fid 4 to true
set enabled of cd btn 4 to false
set enabled of cd bin 5 to false
set enabled of cd btn 6 to false

end doBse

on doMs

set locktext of cd fild 1 to true
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set Ioc.kte:‘é‘t of cd fid 3 to true
set locktext of cd fid 4 to true
set enabled of cd btn 2 to false
set enabled of cd btn 5 to false
set enabled of cd bin 6 to false

end doMs

on doSe
set locktext of cd fid 1 to true
set locktext of cd fid 2 to true
set locktext of cd fld 4 to true
set enabled of ¢d btn 2 to false
set enabled of c¢d btn 4 to false_
set enabled of cd btn § to false

end doSe

on doHm
set locktext of cd fid 1 to true
set locktext of cd fid 2 to true
set locktext of cd fid 3 to true
set enabled of cd btn 2 to false
set enabled of cd btn 4 to false
set enabled of ¢d btn 5 to false

end doHm
on doAdm

set locktext of cd fld 1 to true

set locktext of cd fld 2 to true
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set locktext of cd fid 3 to true

set locktext of cd fid 4 to true

set enabled of cd bin 2 to false
set enabled of cd bin 4 to false
set enabled of cd btn 5 to false
set enabled of cd bin 6 to faise
set enabled of cd bin 13 tg true

end doAdm

Pop-up button script

Purpose: to facilitate the quest for agreement (Figure 32).
on mouselp
-- choice botton for BSE

put the selectedText of btn 2 into it
if ltis ms then putcd fid 2 intocd fid 1
if It is se then putcd fid 3 into cd fid 1
if It is hm then put cd fild 4 into ¢d fid 1
else exit mouselp

end mouselp
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r“Archiwe" button script

Purpose: to archive a collaboration matrix

on mouseUp

answer "Do you want to archive design records?" with "No" or "Yes"

if itis "Yes" then doFreeze
else if it is "no" then put empty into cd fld 6
exit mouselUp

end mousellp

on doFreeze -
put "ARCHIVED" into cd fid 6
getword 1 ofbgfid 3
if it is bse then doBse
if it is ms then doMs
if it is se then &oSe
if it is hm then doHm
else exit doFreeze

end doFreeze

on doBse
set {ocktext of cd fid 1 to true
. set enabled of c¢d btn 2 to false

end doBse

on doMs
. set locktext of cd fild 2 to true

set enabled of cd btn 4 to false
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énd doMs

on doSe
set locktext of cd fid 3 to true
set enabled of cd btn 5 to false

end doSe

on doHm
set locktext of cd fid 4 to true
set enabled of cd btn 6 to false

end doHm

“All agreed?’ button script

Purpose: to facilitate PT members in reaching agreement.

on mouselp
put cd fid 1 into bse
put cd fid 2 info ms
if bse = ms then
checkSe
else answer " no agreement.”

end mousetp

on checkSe
put cd fid 1 into bse
put cd fid 3 into se

if bse = se then

APP5-
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checkHm
else answer "no agreement.”

end checkSe

on checkHm

put cd fid 1 into bse

put cd fid 4 into hm

if bse = hm then
play “harpsichord"” tempo 200 "ce4 fe ae c5q aed cq5"
answer "Agreed!"
put "AGREED!" into cd fid 7

else answer “no agreement.”

end checkHm

“New card” button script

Purpose: to facilitate ADM to create new card either collaboration matrix

or index card.

on mouselp
domenu "copy card”
domenu "paste card"”
put empty into ¢d fid 1
put empty into cd fid 2
put empty into cd fid 3
put empty into cd fid 4
put empty into cd fid 6

put 1 into var1
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putvar! +.1into cd fid 5

end mousellp

Card script to lock field (index card)

Purpose: to lock or unlock field of index card for maintaining

concurrency control.

on openCard
sét enabled of ¢d btn 1 to false
put 2into i A
repeat with i = 2 to 21

set locktext of cd fid i to false

end repeat

.get word 1 of bgfid 3
if it is not hm then doLockfield
if it is adm then set enabled of cd btn 1 to true
else pass openCard
domenu "redraw screen”

end openCard

on dolLockfield
put 2intoi
repeat with i = 2 to 21
sc—lzt locktext of cd fid i to true
end repeat

end dolockfield
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Hyﬁermedia and engineering design

John 1. Gilleard and Y.C. Tce
Departmert of Building Services Engrreertng, The Hung Kong
Paobwechnic Univeryiry, Hung Hom, Kowleon, Howg Kong

Hullding Scevices Eoginceriog (bsc) o5 ao applicd discipline wichin 1he
grosirmedip cndegaey. 1ok concemed it the design, indallacion, opemiion aod
memirmenauge of al? wechsnicst ad clectrkal sysienwy in buildings, Design soll ware
develaped far the bue industey is frmicully sroctwrcel oo seey of well edablished
rules and buiding codes, Apncdolal ovedenca indicates o jatior deslgnees, wivs
tnily luck grparience and coefidgence, frequently sdops @ ‘black box' approach
wlieme applying Jusign zafiwane. This may be contracled with the moe ezpensncsd
designer wha Iypicaly quesions Lie assmplions ond algroithms prlopbée before
applying (he progrems. However, fiis &5 nol abwiyd posdibte evep For 1be
caprriencet Jedger, puticotady wles conveniional' compmlcs -lenguapes hawve
soeu wtesd to dyvelop the software. 1L is derefore orgued wilhin U paper that for
swnie applicanions design <orwase based on ypmnedia mdy B2 morg appmpriste,
This is denorrited cerongh the dovelopaent of 8 protacype “fre sprinbler layout
design® anpdel wginy ilypecCard. The poper alse indicates isat by constructing
sirangic relulicng bolween gtjens tho offooiiveness of U destgn nede! can be
cphanced. [moviis wey the designer s better able 40 contrgl the piocess of
navigulion withus the modet.

1. Intraduction

I has been shown that a design 1po] Tor rale-hased bulding services

engineering {bse) decign is appropriate using hypormedia as the

authoring mechanism.' The srgument wai supparied by the
sanstrociion of 2 HyperCard modai for “fire sprinkler layoul dexign’
hazed on a set of safery rules ard codes? These reles are a comlnnatian of
the revised Beilish Swandard BS 6306: Part 2: 1990 and the Technical
Bulleting issuet hy the Loss Prevention Connel [LPC) of die TR

A prototype {fice spinkler desipn mode] (LPC mode] ) idennified

that the relationshijes Lerweon objects, delined as chunks of information
erabedded in the design cules, were sequential in nawore. Thoay is, they
mimicked the pattern established within 1he fonnal 1 PO Rules docwrmetit.
Howsaver, under evaluation experienced bse designers questionsd 1he
need for e LEC mode] o be 5o prescriptive, arguing that the micthad
was oo mechanistic. These designers stated that more typically the
design process was one basad oa trial and cron, with much Sleapng”
betwzen possible salutions. Conzequendly, the sdoption of a foomal
sysiem based o rigid nules scemed o be counterproductive. Therefore
the: early LBPC mode! was revised du order o idenlify the crilical relations
between alygects o nules,
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2, Effectivencess of information retrieval and celation definitdon
The: miain concem for (he {urther development of the LPC mode] wis w
increase the value of the wmodel by improving the effeciivenaess of
navigation spminst a specific target, ie., 10 relrgve the rght card in the
shentest possiole lime, The abaliy W recall retrieved infochation and Lhe
relevance of Lhe reiieved infarmation were alzo deamed 15 be crincal
cunsidecations when judging the sifectiveness of madel. This
corresponds 10 the commen uodersianding that the cffectiveness of
canventional retreyal sysless are limited by an unavoidable trade off
beiween the two standard measures of effectiveness, 1.e. boiween
nrecision and recafl.” Typically, usess are frequenty required 16 Browse
through a large amount of data before they Ffind selatively small quanniies
uf wseful information. To address this type of problem, previous
hyperrmedia design software Lypicslly alers the vser o aoy specific
design ¢riteria he should considar prioc to making any final decision. [n
addition, For an jssee-based hyperexl syslem, every desipn queslion i
counied as an ivsue linking (o other issucs or 31 15 & design queseicn with
e so-calbord “serve relatianship”. [nothis case the resolution of one Jssue
influences the resolution of anotlwr issue and “subisswe of is 1he moin
serve relationshiiy. Such a hypertext dalabase may ferm 2 quasi-hicrarchy
af issues will subigsues similar to a tree-like stritiues.

Defining elationships belween objecis of a data model in 4
hicrarchical foem (o semantic steacture) has peceived mech anention.
fWith an increcase in the conplexity of data medels the need lor 2
classification sysioa that clearly defines the relations belween data may
be said 1 be unavoidable ) Definitien and classilcation {or data objects
are being pursued in ab leas theee areas of restarch in the conslnaction
demain, e.g., "building-by-building produsr modelling”® “construction
wechrologyfmethod identification and seleclion system’, (CTI5)." and
'chassification systeom (o extract projeci-specific building codes’ !

It has been suppested that standardized product madelling of
tutildings {or more striclly lheir components) offers a solution For the
tnisgratton of CAD-based systems wirh knowledge-basad sysiams.
Product models are concepiual swructures that specify whar kind of
informaticn i esed 10 describe buibdings aomd how such informaion is
siruztuced, The methodolegy wsed in these models 13 ohijecl-centred and
Pased oo advanced councepls in datsbase softwere, knowlsdge-hased
yystems and programming language theory. The central concepts are
objecrs, atlributes and relatioaships between objects. These building
sbjecls, such 25 rooms, walls, beating equipment, ete., are described in
variQus Ways, .. coneepual (using attnbute da}, graphical and 12xwal
windows. During the construction of 4 building wmadal il is necessary 1o
add suandard types of refationships betwaen objects. Alribute 1ypes of

4t
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abjects may W svine sxlenl he found in standard constrocieon
specifications, b the classification of ditfercnt kinds of rlations i
eongidered to be a wally new area, in which research is onby staring. A
pradual implememation of = o dafonmg a peodust nuadel standarg
may be identified, Ggure 1. -

A CTI8 lLlps \o piovide the required technology infosmation For
desipn And construction planning decisiens, in a manner tal suppoes Lhe
changing needs ducinp the varinus design and consiruction srages.
Conventiimal models, such a5 the network data model and 1he relationak
data model, are hased on flal data structures whach ane well soited Tor
homageneous duta types, These, however, du now have sufficient
scmantic cxpressive flmetion 1 déscribe the relationships of entities.
More appraprizte is the use of the samantic data models which esseadally -
sre thes delmnions of obijecty and thes relationships between objects. The
information about consteacied producls, matenels, methods, equipmen]
arc held in vanous stack=, ¢.g., carrds im 8 HyperCard model. Each card in
a stack contains -4 chunk of different information and represents 1
giffeeent ghject. Links representing different defined relavionship
between obicois are implemenied via buttons, A simplified stciure of
the moedal 35 showe io [gure 2.

The vision ol a elassfication sysiem o extract peojecespacife
buikding codes is o provide an clectronic Yuilding cede for code usens
demanding awtomated soleions, and sophisticarsd eaees interesrad o the
integration of code information with oher compater apphicution sucl as
CAL. Defigilions ol the codes are developed inla congepts which e -
linked by diffecent 1ypes of relalions to form 2 classification schema.
Clearly, o differzm knowledpe base requires different definitions af
relartions between informalion objects, a5 well as the classification
syslems foc the retanions defined at varicus |owel of saphisticelion. As
sitch, the semantic structare of the first LPC Ruoles madel was avaluated
with g view w constrecting significant relations and their elgssifacanion,
which may be able 1w 1ally wilh the speciflec semanuie strecure of 1he

- rnedel.

3. Tdeprifiratinn of relations in the HyperCaed L1'C Hules Mardel
The seguemial relations defined o the Tirst LPC Rules mode| were
peneraily represented by the main menn, fipore 3, where the design
splyarocesses and the detailed desipn infarmanien camed by thern wese
placed inta various cards and stacks. These were scem as objrciz and
linked by appropriate butens. Although Figure 3 implies a flow or
sequence within the design mode] lhere 15 no obvicuz order between
these six stacks. The excepiiom (o this general condidon is the need o
declare *the class of hazard' early oo in the design process (The
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caquirements for [ire sprinkler layouwl desipgn are carcpoized wadcor
differemt "classes of fire hazards® in tho LPC Rules)) Thersfore, the
oripinal flow chart {which serves as the main menu) was subscquanly
maodiFied, fpwre 4, in order to reflegt the freer choaee that e oser now
haz when locating design specific information. However, the
clazsification of fire hazard stifl scly as a focus for all hnks between Lthe
vargw objects, ie. subpeocess stacks, cards, ele.
Typically, only one uncandiinoal celatonship belwsen any (wo
pards exists. However, links among varicus argements of the LPE Bl
. may wlan be absiraceed using olber relations, the three most frequontly
used being:
‘and then" relation which provides a sequenbial path between lwo
s, '

- see also” relation which offers a side reference for dHlustration
PuTpGSCS,

+ i then' relation which requires the user o imfrose ceitain condition
brelure reoying w the next card.

In fact all dhree refations farn a part of the first LPC Rules model. The
firet two are availahle in an interactive fonn creawed by wsing 2 direct
HyrerCard function for building links with butiims. The "if then” relaciow
requires the user trr anzwer questions reparding a decision resulling from
i pievious navigation amd which the wser imay not readily remamber.

Clawihication of relations for the model is net 2 simple wsk as it is
difTieuls, although nat impazsible, 1o exhaost all the relations wisch are
not explicitly dofineslin the criginel LPC Hules. The Fules in L [teral
form may pot require such a dlassificalivn gystem, (The inlcrprotation of
building codes, such as the LPC Rules, are frequently left o the
deliberation of the wser) Wheee the rules ame nol cxplicit this ceyuies
judgament on the part of the user. Alhough it is possible to delermiane
"besl practice” guidelines clearty it is nui possibis w catiapolate all
{rwsible decisions that 2 wser may lake.

4. Consiruction of relationships within the LPC maodel

The ‘and thea’ relation is the simplest link to build, Using standard
hinctions wnder the 'butlen® mede, this eelationship may be developed
without cancying out any cxtra propramaning. The link ‘and then' 35 wsed
for navigation From ooe card to angther cand or Lo aoother slack. [ is
most commenly [eund on cards wilh graphieal displays previding the
user wilth vapipns oplions. For example, the main menu carl showao
previously, figure 4, trulicates Ut the user is required 1o select one of six
opliony in order to move forward wilh the design, This w & logical siep ia
e desipge process. Besically, cordy carrying chunks of informaiion 2
logical order are deamed as gbjects connecied by this iype of relation.
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Linking a carc oo an exiernal graphic file 14 ao examgle of e "o
alsn' celation. This is mupletnemed By clicking of a buiion which has
boen progimmed o open a graphic Nle vutside the LPC Balcs model,
While (he catenal graphic Gle is open, the User canna mike any change
tey i, teecause the application saftware remains inaciive. Browsing of other
card is also prohibited unbess the user retums 1o the cand whars the
graphic file has been launched. In this case, a card and an cxternal
graphic file are thu vwe objects linked by this relationship, This is bi-
dirgutivnal only and any side tacking will it be viable.

*And then' and ‘soe alsu’ ielationships da ool require any detailed
planiing of the data structure for implemenlation, and ooly (wo objzors
are involved st any oae tme. They may be soen a8 the resalt of e
natural expressivn of the reruirétems in the LPC Bules underguomg o
iruesformation in the HyperCard envimoament. Cn the ather hand, the "if
then® relation cepresents & much more Complex mapping operilion
among scverst abjects an the same process, The purmase is (o pravids 2
mechanisim v puide the subsequent navipation according to certain preset
conditions, whese a previous decision has been made by the uscr.

Belore starting any HyperTalk programming (1yperCard™s
nrogramming language) to creats u link faor the 'if thc.'l'l rekalin, a
nuinber af qucitmnﬂ have been caised:

What are the objects tn be linked by this relalion?

+ WAL the “iF condition be treated aa an gbject?

- What are the i conditions thar need 1o be considered? and

- Is the “F then' relation over-simplificd in representing several chunks
of, information which should be manifesied in a more complex
algorithm?

While there may not be straighiforeard amgwers (0 these questions, the
scope of the problem can be numowed down by conlining the navigation
paths o achicve the ‘recall™ function only, which has been noted as the
maajor Henitation of the fiest LFC Rules model. Under soch circumstances,
there are at feast threo ohjects involved in an il then” relotion when
implemenling the *recall’ fupclion:

The curment agtive card that contains oplioas of choioes, :

The conditions previeusly delermined by the wzer ready for

interrogation.

The card that conains the resultant Infarmation consistent witk

the candition.

Depending on the. nomber of conditions recorded inoan carlicr pavigation,
Ure nutiber of objects connected by this retatien may multiply, figun: 3.
Therefore, in order 10 avoid concopluabizing the issue of relation

The Mew Review ol Hypermedia and Mullimvedia 1596 E
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further, the swhssquent developmens work has fecused an the more
czzential ‘if” condition that affects all of the desipn subprocesses. W s
therefors argued that through proper strucwiring of the objects in the
HyperCard mode], the user may recall his choice of *class of e hazards’
in his earlies navigation and procesd in a much smaller hyperspace, thus
improvitg 1he effectiveness for cetrigving desipn spesific informarion. T
mey also be demwonstrated that ke approach adopted takes up Jess
comier memory space by vinns of a simpler dafa siructure.

There are thice main classes of firg hazand, i.e., Light, Codinary
ynd Hipgh Each of these Ysad o a different sot of informetion which,
although similar in format and presentation, are distinct. For zxample,
requirewents of different class nf hazards may appeat in the same fable.
Using the autcmared 'if then' miation will reyuice the crestion of only
one table duly shared by the three classes af hazard. Qiherwise, it
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would need Lhies separate tables placed under the thres respective closses
of hazards, figure 6.

Firstly it is necessary Lo provide the facility lor the usar 1o capture
and recond e 'l condition so determined while working with the
desipn subprocess for the “Classifivation of Occupancies and Fire
Hazards', i.e., Light, Qrdinary Hazard or High Harard. A separate card
fhazasd card) is created in the same swack to carry the chosen class of
hezned. This is subsaquently transfemad from the card that coog ludes e
interrogaitan of fire hazards via 2 button that has been embedded with the
necessary seripl foe this partticular action. The hazard card may thus e
considered to act as a buffer zone to stare the wier's choice. This may be
updated uf any time. It is unique in comparison with sli odhér cards in the
LI Rules model as far ag its function and operation are concemed, .. il
daes not carry any static infarmation and i ik not vigible o 1he wser under
normial Siuations.

During subsequent navigations, whenever the user indicates his
chaice of fire hazands, the progeam will rearieve the hazard cacd to sce
whal has been specified and advise the user whetber he is correct o not
before jumping Lo the next cand pedinent to the "then' melanon. For any
choite thal is in line with the *if' conditiow, the nezt appropriate cerd will
be displayed as if nothing has happened. Tn case the user has made an
inconsistent gelection — prompied by an error messagc — he may
override the preset hazard or sionply cesed it Such flexibiliy 16 essenlial
bespuse it meintaing the Nuidity of the LEC Rules mode]l withoul
restriciing the freedom of choice, The checking function is realized by
atraching a buion W sach “option of hazard elass® (Clicking one class
will allow the user to temparacly leave the current card and go w the
liarard curd 0 'sec' the previously specified class of huzard).

This recall function has been implemented in the desiga
subprogess of *Selection of installation type, size and design’, shown
diagrammatically in Gpure 7. I can be seen tha the “if then® relation is
constracted by two separate HyperTalk progmms with the hazaid card
acting as the paint for exchange of information. The hirst progrum may be
staried by clivking the button called ‘hazard-bazed’. This apprars in any
of the cards showing a gpecific class of hazard in the “Classification of
pecupancies and fire hazards’ stack, The segond HyperTalk program
which is attached 1o another suck reads the resull @l ike sl program
whenever the user seiects a pacticular clags of hazard. The intermofatian
process is made fransparcet o the user by freazing the screcn display
uritil the second program has found the answer. Since hest. two Programs
belong to two diffaremt stacks, the inlenogarion time is noted 1o be
lorger when compared (o thase within the same stack.

The *if thea' relation may also ke applied w any pan of the
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LPFC Rules model in order 10 reduce the aumber of oprions laiae when
ceviewing the navigation path, Howéver, siriking a balance herween -
Mudity of the hypermedia mode]l and a filly auomared navigation canpt
he overtnoked. Typically, it is possible to stop the wser from browsing
piher subprocesses if no class of hazard has been specified in order to
emphasize the importance of the classificaiion of lazards. However,
unlets the prospeetive wser is tatally naive, the excessive application
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of this techuique may render the model stugpish and henee undermine The
effectiveness uf coinieving desipn specific wpformation as a whoke.

Ig gther words, if the user is allowed to ave mare conuol in
allering navigation peihs, 1.2. authoring’, the 1esulHnE model may
become undaty complicatsd, leading Lo enuch confusion 10 the user rather
\ian praviding guidance. '

The apylication of the “il then’ relation in the *Selection of
installaion bype, size and design’ subprocess demonstraies lhe eass
whara Ue User can cxercise his own judgrment lock on to B Enain
criterion. An unrestricied use of this techuique has been demonstraced L
reduce the effectivensss of the model. Taweves, when e "if conditinn
15 impused ot by the oser But by the model, subsequent navigalion is
made simpler, Tn this cage it considered warthwhile to build such links,
1.2, when the “f then' relwion 15 applicd ina passive manaer with fespact
1o the wser. -

v/ilh the LPC Rules there arc cases where thee fumber and type of
snfonmation items camied in & node is MoTe than the user can manuge. In
patlicular this is svident when it is jecessury to transfer iFarmation to
external applications yuch as 2 CAD program, e.2., the user may nol
readily remember which item has hecn cxporied. As such, an ‘iF
condition may be defined so thal infarmation that hag been wansforred
and recorded in an citemal hile may be 1ecalied. (Logically, the “iher’
chould cibier remind the uzer what hi has already done or simply prevent
him From repeating the same path].

This technigue has been applied in the *Sprinkler spacing
arrappement and lacation” stack where the varipus sprinkler spacing
crileria pre reprasented praphically, Figure B In this case the user may
srart his scarching by clicking the puiiems until the cord showing the
dimeysions has heen relricved. Whenever the ‘ansfer tomplae’ bution is
clicked, the geameincs cmbracing the dimensienal requirement of rhe
gprinkler layoul armangrment are-copied and transferred to & SuperPaint
[le. Coneurently, 8 message s scnt 10 teraporanly disable the ballon Lhiat
has lmumehed this particular search, e bt *1° in Agoee 3. This bunon
will b To-activated when the wser exisis and subsequently rexums 1o this
stack. During this operalion, the Hyperlaid madel iz forced to discard
same ut its nodes (these cands arising from buttan '1" in this case) and
e user has ne dircel condto! to S10p it from “lesing its memory’. This
feature is useFul when the sprinkier designer has to Tepeal sumilar
pracedurs whea designing or checking gpriokler layont drawings, &£, it
will mnsure a1l the eritcris have been sxhansiod. To further facilitate
the user o identify the status of & bukton nore readily, the iron of 2
putten is dimoed while it is disabled.
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5. Enhancement of the LPC Rules moded based on 4 conceprual
relations approach

Por the throt 1ypas of conceplual relations definad, onty whe “if theo”
relation contritutes 1o the creation of the ‘recall” festure. “And then', “see
ajso®, and i then” belong to bwa todally diffevent classes of relations n
that the first two arc naturaf relations while the last one is a forced
rclation mede to satisly a purposc sk tie will of the user. The forced
relation can result in a slight modification to (he data struchure. The most
consequential purpese aof the “if" condition so far defined is the
classification of fire hazaid, which has 1o be taken inlo accoynl
feoughout the entire LEC Rubes in the acquisition of sprinkler design
information. This may be adopicd s a standard algorithm w provide
EAQICSS ACCE3S 6D ANSWOT # USENS enguiry,

In swmumsary, with the inwoduction of *recall” funciions developeod
an a system of caneptual relations, the user is abbe to goentae fus
navigulion accacding to 2 specific class uf hazard while he is stll
ibsohately froe 1o rerieve information about other classes of hazard.

&. Dvscnssion

BSE design is thought ta be a ‘semi-simcired” process. I (heir recen
research, Zacharizh and Eames® considered tia design computing should
be carried oat in sech 4 manner tha che designer may retain contral gwver
Acsign and calculaion procedures, rathes than relying on "hlack box” vepe
sofiware. They further suggested thal (he “parametric’ pare of bze
makes il imperative that bse Jesign safiware should provide facilities for
relatively quick "what if* Lype of analysis. {They illustrate their
arguments by reference (o a heating, ventilation and vooliag problem.
However, their arguments could equatly apply 1o the design of fice
sprnkler layouis )

Clearly hypermedia is a {avourshle environment 10 facilicue the
development af dasign software for which is moe "controliable” by the
woer. The “F then® talation (as demonsieated in the LPC Rubes model)
allaws the designer ta creiticably cxamine and question suwategic
relationships between datw/information embedded wilhin the spoeialis
knowiedge base. However, direct canversivn af the Rules into 3
hypernicdia decument docs not provide adeqeate elees i Grder [o cnsure
that the user reticves (e cormect design information, Re-arangement of
ihe design meuirements in 2 non-lineal manoer helps the bac fo moce
casily interrogais the formal rules, and to more offectively explore
strategic design infarmation emhedded with the documeat. BEavipaticn
atds were found 1o be pargrmonnt to assist psers (particolacly these neaw to
the LPC modeld locate their position when disnremared. In addition, the
effectiveness of exploring infurmation was found to hinge on the
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stategic design of nodes and ks, Conscaenily, inteliigent links for
crass-referencing and aulemated criteria checking, altcenative paths for
expericnced and wou-sxpetienced users, and graphical display ard Lhe
vransformation of dawa 1ables Inte a more dynamic (armal wWere
introduced. The ahiliy of the LPC wodel to recall chioices previswsly
made, and 10 determing implied decisions, also helps the wser, Lasty, by
luking the design information faenerated wilhin the LPC muedel) to CAD
soltware, the desipn-decizion making cycle was signifcantly mpra vad.
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Collaborative Deslgn in Building Services Engineering

Lee Yan-chuen and John I Gilleard

Depacment of Building Sarvices Enginesrng
t Fionp Kong Polyiechnic Univeesily

Abstract

Building Services Fogineers (BSE) cmployed by the Hung Kang Housing Aunthority
{HKHA) arm responsible for e desigh, instaliation, operation snd mainienance of all
mechanical and elecerical (nd&e) sysems associated with HRHA developmenis. This work
#nnis the developosent of the design boef, Taigon wlth the rm_m:t amhib=cl and suuchcal
enpinect as well as co-ordinalion of e procurement, delivery and installadon of the
buililing services systems. [n addiion, the BSE iy sl mvolved in the operadioo and
muinienance work of Ui mée fRclites, The work of the HKHA BSE may thus be
described as muoltifaceted, requinmg skills nf nepaiiation, co-ondination and design.

In this papec it is suggesicd thar hypermediu is an appropriate paradigm to modc] the wirk -
of the HKHA DSE. By adopting 2 collaborative design approach, in partiewlar by usinig
synchronous va. asynchronous and active ve. passive modelling, the paper presents, as a
case siudy, the wark involved In the refurhishment of 3 large shopping cenwe managed by
the HEHA. (The HKT1A operates & slpnificant number of major shapping centnezs within
housing estates. These housing d& ments curmenily accommodats almast halll of Hong
Kong's population, ic., aver 3 million people.) The case study indicates that the
development procass for this 1ype of work does ol follow a standard pitern and the B3E
frequently experiences diffirlty when tying 1o pradict the consequences of irmigular or
non-standard desipn requicsments when working, within restticted tme constraims. The
paptr conclodes by fesenting a hypermedia framewark (or model} thar amempts 1©
represent these complex collaboraed design proccsses.

Keywords

Cofluborative design: synchronous vs, asyrchronous modelling: refurbishment project.

Int ruduc'ﬁun

The Hong Kong Housing Authority (HKHA] manages o {arge number of shapping cooles.
Thse: are & d [or refucbishment on a repolar basiz, i2., 00 3 five-yeac oyule, an ookl
@ rnaintain their commercial vishility. The nefirhishinent project is ynderaken by a project
(A compriging of & MANANAnCs Furveyor, 4 stwchml enginecr and s uilding services
engincer (BSE). The clicnd (FEKHA) s eprosenied by a housing manager. TCuring the carly
design stape of the refubishmoent crereise i project 1eam’s main ohisclive is & produce a
schemasc design that meets {or improves upan) the clicnt's briel.

The BSC's initial task is to jusify do the client’s r:ﬂn:scnlaliv: the scope and cxicnt of the
improveracnt work o be carried o, This is typically dependent upon the enditon of the
exisling equipment. If the condition survey indicaies that a major vefit is necessury then this
nowmnally implics thet o significant design projoct is required. However, when this deeurs il
is not unusaa! for the final desipn to doviats subseantially from dwe garly carcepiual design.
This oecurs because of & number of faetors. For example, other membezrs af e project
(eam Tiay sunhise that the work of the BSE is exelusively nlated o building systems. The
common perception boinf ong whenehy the work of the BSE is the Teast d'lFf‘ll:u!l 1 adapl.
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As 0 result. lc BSE is frequenily required to change lis designi(s) many dmes in order o
cops willh new Constriints What may arisc from changes ticiaied by the anchieci ot the
structural degipner. Ancedotal evidence indivales thal these changes ypically take place with
a minimum of advanee waming, In other words, in the conlcxi of & shopping oot
refurbishinen! project, the BSE hos io be OQexible and adaptable i fecilitale frequent deslen
ghanges that may occur in an uiprodictabbe manoer. '

It is Iherefore waned that the BSE may be able to cury out his design sk mon: ciTicizndy
il he is cmpowerzd with 3 moe effective communicition’s tool for managing his desige
nformation. The tool shanld he obic to operate in the eoliaboraive working cnvirgament
typically found in a tnoli-isciplinary sctmg. Hypermedio is congideeed 1o be such a tool,
In order tn verify this assumption, a collzhoralive dasign oxerise will be mvigwed 1o
establish the stratepic elations bepwesn the source(s) of desipn infecmation and the iner-
redaticmship between this information and the diffzrent partics wnvalved-in the project leam,
Hewever, there is po intention to re-cngineet o chanps the current the deslgn prooess. M
the moment e inkent i3 10 €5ablish 2 model thal may assist amd Improve upon CUTENE
BrAG| oS,

The Design Process

The design procedurcs descrited in this paper dead with a shapping cenir refurlrishment
pn:gcn. The proceduwres ranpe from tie Feasibilily stedy stage through @ lendering
(bidding) the projecs, In general the whale process consist of four TaAjar proctises:

= feasibility study and conceptoal design.
=+ [ormulaion of client's brel;

= detailad desipn; and

= icmler documentason.

During e feasibility study stege ive housing manager (HM) provides the propect tam wilk
the backpround infermation of the shopping center. As far as the BSE is oxmcerned the
jfarmation sapplicd by the HM shoald indicste fi} the locason of all speces within e
complex suffering from ponr or inadequate lighting levels, c.g., “dark amas"; (ji) likewisz
spaces sulforing from Insuificlenn wentitation; (ki) & wakfic indicating the potental for
increased pegestrian flovw, e, Fram this eary information the ARE is ex W Rdvise
the client on possible modifications o the proposed desipn. This early work shoutd
provvide the clicnts repressntative with a mnge of solulions that ovarcomc the shotcomings
of the existing Facilitics. Thesa selulons Wpiﬁulﬁahm]mt upgrading the clecwrical supply
systerm; improving the liphting amangements, addidion of A conwal air-condilivning
system and mechanmical ventitation system; dding exira lilix (elevators) and escalalos,
upgrading the fire service insiallations, cte. {In the Jast instance this 1% very important in
Hong Kong where fits codvs and regulstions have heen increased many times dudng the
lasi tan years o seflect the growing concem of Govenment.) In addition, architerwral
improvoments o e retall space, <.8-. re-zoning, new circulation patkems and Bystem
improvements, elc., alse need to be considesed, And finally, suggestons from the
mainlenznce surveyor and the stucal enginesT Also need 1 be considened.

Following on from the feasibiliny stody te conceplual design is wansiomed inlo 3 mom
gengralized set of hluehrints and specilications. Thise docuitents may be congitengd w e
an extensinn of the onginal chient's brief and as such constituic the geaceal policy guidelines
for the shopping center inprovement, Later, the conceplual design is Further developed and
penerally provid: afl of he necessary infonnation reqluimd by 2 contractor 1o comphels U
trabar dovumentation, Additons] informaion may elso e included. e.p., ID-drawings,
the clicm’ s cost cstimates and anlicipated construciot scheduk: of milestoncs, e,
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The design procedurss previously deserdhed follow o four-siage provess, igure 1 The
fipure implies a lineal prog ression, Howewer, this gatu:m of design development 13 wnlkely
1 oecur, Refurbishment projects ane complicated by the namber of oveslapping design
achvilies, and the frequent necd o coksult with other members of the design team. Hence,
after launching the project st the concepiunl desipn stage U E2sipn (product} is dkely 1o
develop in a series of sub-pirncesses or loops wherehy deslgn ideas (and infonmation)
iterals between team members untl 2 final decision is made. Duing this iwrtve design
phase it 1 not uncommon for conflices to occur belwesn project team members simply
hecause csseniizl knowledge previowsly delcrmingd cannol be taced o hax boen
unwitlingly ignored. Therefore, although fguns | represent the notional flow of work i
lacks an underlying structure that might indicpe how collabomation between peaject icam
members can be implemented.

m&-u::smdr l-'um:rh‘hi _
Conurpimal Derlyn Cheat’s Brief Dz Docucaision

Figure 1. A [oor-stage process of work flow,

The Collaberation Model

In onder o lusmate the process of design cotlaboralion a simple design exercise is
congidered. This work invalves the upgrading of s glecrical supply System within a
shopping centre. During the foasibility study slage the HAM ficatly infooms the BXE of the
ngmximmc reanil s!':ace to be added for remowed ) from the shopping centre, As a first step

BSE assessss the exising vapacity of the electrical supply system. I the existing
traneformet is unable o handle the addition Inad then a now wransfocmer will be esscalial,
Huwever, the existing space may be insufficicnt 10 cope with any additional equipment.
Whenzver this peours b DSE wust pul Eorward 1w ihe cliznd Emssibie. locationds) [or the
new transformer roora. The HM and the cliem's Mpinenance Surveyor (M5) will nced w
cunfinn that these locations are accopuable. Meanwhile, the MS may also ask the Strucral
Englneer (SE) to camy out a preliminary sineemiral apprisal on the building. Whonover
exisling buildings are modified, and particularly whese sdditional loading is cxpocted, it is
wise 1 comduct a thorough strectucal assczament of the budlding to see whether the
adilitianal loads can be camied. If the. HM, M5 and the SE hawe no ohijcclion 10 the BSE's
peoposal, then the 1ocation and rough dimensigns of ihe new transfommer Toom. agreed by
all project team membcrs, can be approved.

There are twa different modes that the projzt 12 members may use for the exchanges of
desipn information. Fiesdy, they may use o memorandum 1o decoment gach wransachion. In
1his way the conclusion of the conceprual design is achicved i an incrganental manner, ig.
in an ‘acynchronous’ manner. Alematively, all parties may come togedher 0 attend a
desipn meeting where any design problem mey be rezolved. At the meciing mimnes af ans
taken w woplur decisions. The second appooach may be emmed  “synchronoos’
coliaburation.
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Fipure 2 shows s madel tha rr:preaem.r. {he flow of dasign information For e wangformer
rodm ab 1 capcepiual design stage.

- — R
eyt mpmn gy
[ P —p————
E e E
mﬂn“ﬂhﬂ“m.(m&mlﬂﬂi JI
le:c 2. The madel representing the flow of dosign  inlormation for

transformer royn design.

Since the dimension of tme i now shown in ihis meadel, cither mode of cotlabaration shauld
have an identizal madel, L e. synchronaws or asynchronous, [n praciice, cither cullshoralive
mode may ha ad depending on M wrgency of he design prohlem. Furthermor, o
any of the replics Jram 2 project team member is wnfovourshle, the B3E may be mequircd 10
repeat the process using the revised proposl In addidon w dedling with the =z and
locption of the transfonmer the BSE will noed b ascertsin  whether the air-comditioning
syolem, fire services installation and oeee nifie services requine upgrading or sodifying.
; h I:gy element in the desipn process may cotrespond Wi its sespactive model or provess,
igure 3.

CLIENT'S BRIEF
TEAWSFUHMER CIHTRAL PRE ko w
A © A SERVICE
TRAMEPIAMEF. CRMTRAL HRE
0 F.H EEAAVTCH 4 4 & o4 4 4 *
MODEL MACIREL ML
Figure 3. Connecling the client’s bricl Lo respective design anodel.

A similarmudet may @zo be supgested at the detailed design stage which is o luyical siep
sulsequant 10 the results of the canoepual design, This model also has 10 be connecied o
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the one developed a1 concopiua] desipn stage in order W0 cope with any unforcseen
cirumstances, if af fhis stape thers is any new reguirerocnl thar condlicis with the
coneeplual design, the BSE must alen the other project tmm members, They will
colkscnvely to cansider that 4l previvus decisions have been endorsed and spproved 2
the onclusion of conceptund design phase. Everyone bas to acknowliedge that they are
aware of any possitle ennflicts and that they confing that the request for c B i5 gonuins
and has been approved. The BSE may somctimes find (hat she is wnable to “defend” theic
design changes simply bhecause she canmot produce the ‘cvidence’ of the previaus
arrcement.

Common Factors of Collaboration

Mowihstanding the need for calluboration difficulues or obstacles frequently gocur when
design inEgramon 15 pursoed. .

“Tretegrestion erwerges frama prang idea. ... The imitial concept has 1o be Jireng enoigh
fa survive fhe design process, (hnce s in sel, it becomss difficudi To unpick or revigt
during the desiyn process without [De need] conpletely to redefine i ™ [Berry 1995].
Clearly 2 strong wiziom shared by all pmge::l tcam members will enhance the effwency of
the desipn process by minmmizing any abortive work thar ray arise for revisiing, earlier
desipn. While srong ideas may not he easily defined, intzpradon or collaburacive ideas Eall
ine mwo disiunct calegories, 1o, adive and ive. Active thinkimg adopis the path of
system or disiibudon-oricnicd destgn, while the passive approach concentrales mare on the
building fabric. .

When the consensus between tewm menthers has boen weached in respect ol ‘the acnve o
passive approsch, the Dext queston 35 the availability of 2 common ol fuor conveying
1deaz To this end, an wﬁaﬁu methn For mpresaning the contenl and the process of
collaborativn is needed. tz supgested an object-orienied appraoach where hypermedia
abjects serve a5 the ‘subjoct muties' as well 25 8 ‘medium’ for collihoration hy using
:gfi.ﬁu ohijet types and exploitng their propenics [Swedrz 1994). I has boen demonstrated
hypermedia is appropats for te development of 8 desipn 100l for rule-based bulldin

services pngineering at the prelminary design stage [Gilikeard & Lee 1996). When a BS

collahorales with eam malgrs from other construction disciplines during the ealy desipn
stapr hypermedia may be considored & be a suilablc vaol to model the flow of information.
For example, it may be arpued that cullsberative design activities umdertaken by the project
tzam arc sssentially ruled-based in natose, e, the rabes are the client’s briel, As such, most
. of the conceps developed for the application of hypermedia in BSE Jdeign may alzo be
extended o the dovelopment of & desipr tool for such a collaboraive setting. However,
Cleasly thero arc differences that heye to be oddressed in adopling (e BEE concepls 1o 8
multi-disci plinary covironracnt, A typical exanple is the reguirement to satisfy the authorg
by muli-users instend of a single user. (The applicaton of hypermedia in a network
enviconment is an  cfiecive confiparwion w o meel e mulb-uss wircments.)
Meverthelss, the sirength and floxibility of hypermedia justifics the choice For such an
approacly However, unstructurcd, the modulary of hypermedia may cane e desipn
infustnation 1o proliferate in 8 nos-Rysematic manne. -

Hypermedia Model for Callaboration

Whils Stietz sugeesied Gat an opject-oriented  approach s spmuopiake for e
represcntation of the contont and process af collabora, Sie queston that how 1o d=line
an ohject for the design Lﬂmce&s of the shinpping center refurhishowenl project has 1o be
answercd, I our case the desipn process can bo brosdly classificd inw 1wo major
categories: (i) design informoation, and (i) the owner of the design informuatipn. (in th:
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latizs £ase this will penerally belonp o the projea wam tiembers, either individuatly or
wollectively.) However, a picce of design in nrnation withoue an owner lacks credibility.
A o illustration we will examing the transformer ronm guestien again, The stabement “the
lowauan of the frangformer room 5 unaceepiabls” would cause canfusion to the desten
provess since il is nol cetain whether (e objection is dus sruciral copsiraints imposed
by the SE or acsthets considecation mised by the architeel [ may also emanals from 1he
M5 who may he concemed about futues replacement work, o pessibde noise polluiion. On
the other hand, i a pece of dﬂifn infoomation iz 'owned" by ane pacy i wwdicates
resporsimlity; i it is owned by all the project eam members, it imalies an agreement
Hence the oot of the efrbishment project is 10 ensure shat all design decisions ans
nldmately “ownad” hy the projecl team,

This relationship of “owning” can be achieved by providing 3 hypemedia link between he
ganiar or profect wem member (orealcd a3 a hypermedia abject) and the comesponding
desipn information, As the number of hypermedia links connecied to the B3E muliiplies,
then it may be inferved that o comesponding INCiCase in the ¥mowledpe basc Tor the progect
will also increase. 17 we panlle] these developments the HM, the M5 and the SE the
collective knowledge hase {and the comesponding ownecship inks) should provide a usetul
design decision wal. At this moment & full hypermedia moddel has yet to be bulll, Hence 1t i%
gomewhat promanre 0 decrming the degeee of sutomation and imclliponcs of the
hypermedia abject mode! may possess, However, it is commaonly accepled that suomadan
ol decision making process to the exclusikm of heman agent is cowmerproductive [Pohi
1996]. Therefors, the hypermedia model will be constructed in such 2 way that the udcrs 15
able 10 interact with the desipn information z2nd in conteod of the process as well

Aesides the establishment of the necessary hypermedia linkg berwesn various hypermedia
objects, the ability to reord the decision of ah weer is also ifmponant The hypormedia
modet shoald bz able 10 tack e history of the previous declsion during the deveivpment
of the design in order that the wser may amive & 3 hew decision more promptly by the
climination of any oui-dated Blematives.

E]

Conclusion

A hypermedia wullsborative model has heen supgesied to handle the design for the
refurbishment of a shopping center en the undersianding that each praject leam member has
his or her discipline specific jurisdiction on the issuss, However, &t the woment the role of
a sinple project leader is not apparant, Thercfore, under such cirsumsiances the quest for a
common undestanding of the project may well facilitate the accoplams of a hypemmedia
model for the exchange ol design information. This wilk be of pammennt and cridcal
importance Tor the sucoess of the proposal. The authors hewe gowd ux];::"ienae of using
hypermedia as a design W00l for a specifie wek (Gillcard & [ee, 1993). Whether the
approach can he extended 1 a more genoralized moded is 45 yol un ungnswered quesiion. Al
the symposium an eary mude] ol the work will he demonstratod which may po some way
lowardy providing us with an anywer, :
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Hypermidia and Collabarative Design

[, Jokn O, Gillzerd and L.EE Yan=chwen
Houg Kong Polyrecksic Lnhorsity

ALUSTHACT: The Hong Kousg Hoosing Authorly (HEHA) wanaprds a large nunsber of shapoing cemers.
Thest anz acheduled foc cofurbishment on a segelor bagis, 1. on & cyele af approximatedy five oo scven v,
ot nrcler Lo ovdinadin dkiele conucrcial viebiliy. The refurbidlwnend peojeed is canted oul By a project ceant, of
banrFdiong prodiessomal e During the early design stlage of the refurhislupenl exerciss the Projoct Wana's ain
nkjective is bo pagduse 4 schevantic design that mects Car ingeogves upii) the client’s, The buitding Eﬂ-]"'.'i_.:ﬁ
engineers (B53Es} ouploved by the HEKHA arc cespansible for te design, insiallmion, opeatison
mainesawe of ol mechanical and electoical (M & o) systous esvoceoabed wilth [IKHA dewelonmenes, At
regards tbe refurbishment of the existing shopoing onbers, the BAE s iniGal sk ts 10 justity 1o e cliept's
reprosemative Uue scope and cotent of the improvement wark (o be cardod aut. The BS1 15 frequently Toquired
w1 clauge ki deAgnfs} many Goes o order w0 bopa with téw conatmints. Ancedoial cvidencs indicates that
L eaiges bypically taks place with w manimum of slvance waming, T olvee sz, 10 the coniexl of 3
shnpping cater efebishmend project, the BSE has o b txible and etaptabibe o fsciliae frequent desipn
changys M may oceur in 2o unpredictable manmer.

[m this paper, i1 is suggeated that hypemeedia is an alemative paredigin to mede] the wark of the FIKHA BSE
in nempet of le shopping centsr efwbishment prajsct in consideretion of the coples niture of the design
fmsk. By sdopling o eolkaborativee design approach, the paper presents the resulla af the anglysis of the desipn
prcess Bldopled by the HEHA project téamn with rafersnge to mich facors a5 aynchionons vs. mpmclrongs.
Cancopdd in coraplen problem Solving ore alw swpioeed especially om the agen-based deciton swppor
sysbenes The jusificalion ol developing a Tadl @ ¢ope with changing condifans of a canplex design problem
instead of providing 8 solulion fir 8 pe-detdmiined peobben L5 arged. This peper ahows the Doplicalion on
the architeciues of the hypemizdia model For belldlig scrvices sysems design procsss winder te solluborative

i oranca
KEYWORD: Cedlzboralive Cesipn Fracsss; Fypermodia: Rofurbishmem Work.

1. INTRODUCTION ' provide facilides for relatively quick “what il 1vpe
of analygis. On the oinderstanding of such heinp e
Building wrvicez eogipeering (BELE) design is  natme of the deslge procese, ithas been shown thal o
thought e e & *eemi-sruelured” process. It hosbeen design too] for rube-hased DSE design is appropriste
aupgesed shat design compuling should be camied  wring hypermedia se the suchoring neclanigm, The
a1 in such 2 monner Usl de desigeoe may g@in argurdon wus supporied by the conslnton of a
contrnl over design aid catoulation procedurcs rmlher HypeeCord model for “fire gprinkler favour deslpn’
itim relyag oo 'Black bex” bype saofware (Zacharidh bosed an & =et of enfery mdes nnd codes [Gilleard &
& Eurnez [FMS). The “paramciic’ naers of B312 Lez 1904),
miskes it wnperative dha BSE desion enfbvace shauld
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Evidently, lypermedin is o fuesurohle
envicanmend ¢ lwealiare che cevelopanern of degign
anlbwcrd dizr 4 desipn precess lch pay e marc
“cantralislls” By she wscr. ‘Uhe il thep’ rzlotion (a0
depnonsiraderd ir the @pankler Loyoul deign medel)
aligwy Oie desipr oo critically  camonad ol
oucslion sloubcpe: reinlignshipa bBetween
drta/igformauch enbodded within ol specelise
knowledye base. Howower, direol comvesion of dwe
Fules inen 2 hyprrnedil docimenl docs réd peavide
odequalc Zlues 0 omkr wroenpure Chal Tl usel
e the sxmsr e=opn mbucmotion Re-
arramgonicl of ¢he design requiEMCnT BN A RO0-
lneul marqer helps BELE designer mare caily
inierruate the Cormel rukes ond 8 ot elToanlvely
eaqlore Armiegic design infermation emlohbed with
the o, whiczh hae hoon mealized welain the
hyperenedia envisgrmenl.

In the wye of dhc selobishnene o 2
sbopping renter o [IKELA, Uw BSE devigner has
foarnd that the design sk iE mued ks “contrullobhe’
i the sooge dhag the dustrging design informulin are
very afien beyond his sxpoviations I ey be ohe
endt al the imerastion  belwnsn  he wariouc
inambees of The prjec wam as well as 1he comples
naure ol & refurbighment projest, 'Within the HEHA
i 1eam of building, probeszionals oormally dovelogs
1he clismt™s smupe of woik, o hrid These include
the muineenanes  soreeyor (M5L e budlding
services ogl et (A5E}, and the siructurel snginesr
(¥EL The bewising mazdger (LY waually gois ax ibe= )
clistw's repicpemidive. The develppmend nl e
cliesl's Arief sards with & preliminary candinon
survey of the Ahogpidg eerier, A5 m il a llo af
tepan ¢ pepdooemens it will be determioed. Thas
1151 i5 csed 4o prepare Hie inilinl refubishmas mork
eonreplud] dea1en. | aeeT. o podditfonad ndformmsion is
delermined. €@, daailed Babric sod seatene surdey,
updeic of tenont’s lise ¢2, e sheme desiyn is
devetoped. Dering dis sage che collubacation of g'l
jeam memberd i esseidiadl AL te HEHS this iz
based an estahlished channeh trouph which ibe
cackange of Jdedipn Information 3z formefieed
Miverheless. (he Thaw o deangn inSyonuation i by we
meuns well sotigred. Gach pryoed Lok member
may oome W With & H1aeans (or alighily o [eremi]
deEan vplon any Une daring the dunpn procesa.
which may T cighUly justi Fad in 2ecordanes with gher
Imeal swrvey cesdbls, The lack of 0 ewble syaicn
rnal cnuld cHcuedy 1ellecE sich chanpes say enl
in problema when tocking a parlisiial dedige
decision ar a Jaecr stage. As aweh, (ic cancem of

21K

drveloping 4 13hk design sofiwore may be z:oendcd
froan relaiming e ol ova e desipn o che
prawbug, o higher  Elesibnlity Sn coping  with
unaredicratds chinges,

B CHARACTERISTICY OF REFUNBISH-
MENT FRIMFCT

Mefarbishment voerk differs fom pew censinadion
ppr%:c; tn ibar ihe seope ol word ir rehdons chepdy
deficed m the outsst of dhe «exign stage. The
carmmom [xtacs Qi Will influcsics dwe cefarbishmenl
prujert ore twgdold. e wmehnigal fecnes aed -
techmizef forlars, The faemer iozleds the condilion
of the exisbing huildng |eciliike anc mgineering
dedgn sanclords. The [allér utmpms¢ faclors in
romypercizal, feanial, sociel and Ealidend aspecs
| Fhe hailding pralestwnals thal meke up he HEHA
project Kam netmaly it tbeic el do wohneed
awd  enpirgecing  afpeciy ol e refarhdETTmend
g |

A Lepiisl mebulislmesr muject uae be
defined o Lwe negur srews, | naindcaamor o i
exeyang Bwabdang Faoiliies and che addision of naw
Caillitlss. |n Taoth coges (e HE[A wips v enkance

.the comimerzial swplue of the shopping centor.

Muigienanee  wore mennally  inelude:  the
seplacemsnt vl wlt: we fimidlics, inpravasncds
Eales cealinga and Lipht fixlaea, a5 well g apgmding
e cloorrcal wiring sysems, ete This sark is
carcrmdly pdonned i osuch 2 way thad pew mimerials,
compaanenls wid sysiamy aee uzed. Io thiz wo the
HEMA is sblc w ampony ale acdhelivs wl Al
conlers as well a2 s ttlitloncics o 1be faeilincs
wrkter maintuirmes. Oa v aclvey hand, new Builinicn
may cwnpiss edditiow]  pelail ospice aed e
conumnazien of new cenpl wir-cendilioning ploo.
%hen shis <eours 6L is nal unconenan lac 9 ney
bilding bleck o be donacresred 43 uL aAnex @ e
akiginp thoppig eenser, The exma spac= provided
olirws for &0 inereass: in the podentigl reatal ngan'e
U:nler such circumslanece e mliebishmeny gt
nepils 1o be joshifiied o kens of commen: Al
vlakiliy. n vuch sisusclons e refurbishmens mojen
el me ke aeealer than TTRS L [~LISS L. 250 SHHER

LN DECIAINDE MAKING A5 A COMPLEX
FROBLEM



Ohcercationat  evidewe. mmbicdes that HEHA
efalsishment pooiects may e charmelerized as
complex design prollems piven the frequency of
unpredicduble  dJewipn ebhanges. This  added
uisserainty mitigales against re-derermameed design
salodan. The HXHA was the Frsl Govemuen
Departnenl in Honp Koo 19 avguire [30 5000
cerfifizadiony dm respeol of i guality asurance
sysionis 0 the constrvcton and manksanee of
pulilic howsing. [n this respect, procedures for all
mapr wicks eclaling 1o the design, constowclion,
oeTton and maimenance of Jousiog ae ati puleted
i e Lo ol quality svanuabs. Theae nanals
cleady identily procedvms repardiog the esponsible
pecsiLy, 1 pwpose of an actan, dhe approviog
awhunity, viv. Hemse, tiege quality menuals atlenyc
10 enaure o consistitl pedommance of hiediviguo)
officers  imegpective of telr expooemve and
harkground. Usiog the information embelded within
e manoal 3 Oow chart indicaling the design
preewics ainacisied with a reforbishment prejeat
may b produced, Tigurs 1. However, one obvicus
almmconnng of the flony chart is the lack of design
_ dnteny represectation, MNor ig il casy to delcoming how
ihe design concepts wie doveloped. For cxample,
alibawgh the feasibility sudy m3F okamime AR
increase [ar deercase) of retail Space fromn e
perspeclive of dysleen design — say HYAC — ather
. Temore sk s [he capilal iivestment poy-beck
oerksl, the social imocd of the work oo political
cypgiderations may be ipnored.

Cun e oaber lood, the FIKHA does fave a
wali-sorpblished  alocumenlatwon apgiein. For
pamiple, i has beem estimatesd that over %948 of the
infopacion llow  belwaeen vadous pogecl e
members is conveyed ima wnilien foem, ., T,
memuranda, diecussion papsrs, minutes of meelings,
oie. Thus cofgensus wilhin Lthe propect 1eam s
. typically reacled in an asynchromous manner, e,
* emch prodeet 1aam wembier has to make his ot her
desipn choice based on informotion previeasy inpd
by vihes seasn wiembers. bhech ol Uy information is
celalively stapdard  and Inh-cobtraversiel.
Comsegquently explonations and conuvesd is not
requited  Dlofodunalely, sigmificant design chonges
may lake plove without documented malerence 1o
cflun team members. The msult of this passing
Tackword aod farwstd of non-docwnsenied design
changes leads w  confusion aed the use of
inappropriate degign detoils. Therefore il s hogival Lo
grgue that sny syskem o 1ol mpable of providing
the roquired infonnation ak the righ fne should

ZiH

colipaey The precuctivigy of the project weans by
miniinii rg abortive work: and bas ocking.

Widhin the HEHA analysis of the dusinn
infarmalien flove pocm cleary sugpesis Ul Hwre
I3 wa elfecrive Link batweem the CAD drawings und
Une decumenatiliva that repreacma the desipn mrent.
The process alsw lacks 3 sound relerswng. sysiem of
the chronabepy of design changes. Pohl in his wa;
nf the peed for coliaborative design vepmoaenlatian
alst emphesizes Wis issue {Publ 1997 CAD
drawings usually desole the geometric cheoges in
Bz revigion wplex bul rseasens and raticnale beldond
these dhiimpes ore megmried elsewhere o dwe Peom of
memumArda andfor vanation grders that have boon
isswed b foumalize the olages, The Frapmemed
nefune of G ow of design nformmion croases
viany  difficulivs im0 e imching  orchived
Lnfzerianion, For wxsmiple, where conflicling design
duts % [ownd 1 iy often diffioudl 1o verify the Source
of (b fnwonsiskncy. Eoch member of the poocent
wam ploys the mie of contrl ler and maonine, Figare
2, although veracily aod goncurraner [of ther team
membera desion changes] s fequently leeking.
Cleady e complex nawee of ths formation fow
betweon  the  condellers whn collabome 0 a
rafurbiahnant peajecy has (o Ba fuctier examined.

4, COLLADCRATIVE DESIGH

M hes besh sugaeated  dbal dhe | indcpration ol

lafoeceplionn Techndegy (IT) and the design ond
canstruction process hinges ob orgenizatiun's level
of wetuity, [Ifinks er al, [997). Clowly theme are
dilfovencs in opindons that bow IT shoull inegrade
wilh & degign pocata. Regarding the shopping conier
reludhshmnenl project, it may be passchle in priociple
b Wrile & cOmpuber prOgrmTe 10 Hnulate de role
of the BSE or M5 if sppinsering desipn is the only
crilerie when dewebuping e client's brict. [n ather
words, i is pesccived that Lhia port of the desipn
muceas may b aulunuicd. Howewer, reluthisghinen
design work is mate lban the applicatons of gople
design algorithing or hewcistics. Ecalidy iposs on
the design problem o complexity el is Tegquenil y
vnprediclable  and  chaotic A simple  craniple

Hiurates g poind. 17 prapasal was tn constnsct 3
now transformer house. This was peceszary In

povide sdditional elacticiy far dhe new  air-
condilioning plant to bo inslalled in ane of HEKHA S
axigliog shopphy centers, The desipn evolved baasd
o s swsggpiion, However, ¢ @ very fals stape of



e Fzcign process the drainage departmeant inditated
tat she propased luewiion of the new Lrensfanmee
house hed alecedy besn idlovated es 8 dminope
resorve. Cansequcntly. one sct af desipny hed to be
ahanrdoned and a scoond developed. By this Lime the
praject deadline wue looming #ver claser aod v new
locatian for the Iransfonnec Jwwse fucition, celde
reuling dnd switch roven had w by fend guickly,
These lae design Jucisions ey ellec desipn
coaty, os well ay Lending 1o iocrvpse il cupilal
expeliture,

The preliminory analyses of the collulorative
derign process of a reflrbishonent project Supgests
i the requircenentt of & computeeaided dogign
!l fer el an applicasson should be ar lenc
wwofold, ic. Bexibilily b cope with the npforezecn
changes and dhe ahility 40 asmwiawe  redations
briween coanges i arder W Facditele subtequend
trck ing.

5- FLEXIBILITY FOR PARTNERSHIP
AMD COLLABORATION

I has been suggesied tnat -Hedlblity im the uses-

inserfoce should be previded in arder ta Tacilitme the

heman-temputer parmarship for lackling camples

problemis, and dhe Acxdsilily ney Te achicved by
buwil ding cornpurer-hascd agants in (ke praccas madel

sueh aba polutons mey be owalved inleRslively

(rahl 1997, Apents esemntinlly memn compuneats f

decision making models (Ul sy involve o group-
of Mamans sheh 2 B eomumibtes, boted, o deign
ey, Wit ae trawtlaced oo 3 corwpuees-kaged

cuvinHipid where tne agenis mey (eagen or intetact
witly esch arter or 3cressing 4 knewledos-taes,

The faticnale behind the soncept of agends s
thar a decicion-suppont sysiem sogld be designed as
a mel ol tools mather dhen A3 dgautions o &
predenticned 5ol of  problems. Howeossr, e
developmenl of a compuler-breed decision-suppor
system réquires Lhe copsiueden of autedstous
companenis i egsnks) dbat may  incorporae
difTepzit kivds of knowdodge atd capablliles g
din o co-opdmbte with olher  componems
covncuwmrendly, ard indepemdently (v 2 conain extent),
Clearly, validateon of Ui aceuracy of the uplions
propoesed by the agens is crucial in order b easur:
U redigbilily of the resuolts in Teletion to the
khvvledae-tane ibet ikt apente are Inbcrropsing.
The effurt o canyleg oul sush valldallon prcess
may be 5o sigmilicant il the cop-efeaivemsy of

e

such & eomputer-based
questignahio,

#% an aternati ve, the handiing of infonnatian

ayatzan o codd b

& relanvefy Huid wmawer In hyoermedia
envivhbnent  Ras  been demondrated i the
consrruciben  of  fw spoinklor  Tawnur  orode]

meviausly, evidently with much beaa offory For
prelatyping af the model, In foct, hypenocdin has
bzen comsidered ss an eppropriste mcdium o
repreaeniing  che  pontEnAT  and

ihe pooccas of
calleboretlon {SeecLe [9047,

6.  DESIGN INFOUMATICON FLOW AMH
HYFERMEDLA .

Hypennedin regresinti A <lase of exthoring taols tha
AT 2 rdnoaten i A non-liosar menncr Wil
mullimedin capabdliey, which regembles the pesteen
of informadicm Ilow Beroreen wes i 4 brogd sense.
O e crhey hand, Tecent ressprch fread sugassls
et 1glwascked coavpaer systems such & the World
Wide Welb (WWW] has inberent advensges a2 o
netdiune’bral o cotlaboradion and ommundcalica Ly
o design proceas {Fowler 1997). [Hypertard, ooe of
the rnast papular hypermedia aystems developed by
Apple, has the navigaling and searching franares tha
hiave gredlly influencad 1he evalulion of fhe %W%W.]
A1 sk, hypermedis coupted with o oetworked
gysbem may B0 othe oppompnote pamedipm for
modelling the caflaborative desdpn protess for the
e [urbishment of dhopping ceoters.

Figure'2 imdicates the. incoming infotmatlon
frone the ME o 3E to the BSE. This infemation
Ao s Iecrercencel Iy netues, e the notice
inkicating a ‘change reprogonts & purtion of the desipn

-sizheme which is bring affeceed. The BEE bas w

inlegrate (e {ntes change wil the odgng deign
el prosduce 3 mvised dawiop o modified clion’s
bricf for the entwe desiygh schaime. [F dhe decigo
selweme i ot updated wimoedistely, d may canse
catfigsion when laler idendifying deaign revidons
Updates nol rogizteced wiay alen kad to conbasion
wiwie pwn Jdifferan design conceps may oontlic
witl each other, Figure }. Finl, esch ewm member
will maintaim fis own data modol ped pass Ui deta
comgwixiny; the chanpe information 1o slhor cumnlbe
witt would Hen oupdee his own dam  madet
apcordingly W has e aweil of highor vmnsnission
apeod and le3e ik in repaging the documeotaiion
by tie semeder, Howsewer, Ihe recsi ver hag ko nieiraln
A syrieanaiic and clea record of the chunges in ocder



v 1w coanlysion 2 menioned previcsly wed
~w facililpte subseauent tracking. The sepond
alemative conesm of conbigurackon 15 10 mss
cemplete cevized dite madsl v other mamboee who
wiaukd averwrite hiz gwn made i bolh modcte ans of
- the sarpa file dype. Clearly b owill minimize 2oy
incangistensy arising from poor managemesl of
change deta erd lse recoiver mey sec the implication
af dhe change mare choacly with espoet fo ilie ¢ritirg
dezgipn sclisarge, Mevertheless, 0 will be silbect o a
haedwers conglraim in that the limited baodwidch of
e petwnrk syswern ey slaw dowts dve trasmissson
speed of the comoplete Jara model.

The dam mods] is essentinlly & hypermiedia
medcl Lthal may contain chenge data jn (ke foem of
tev, 12 graphies or virtwl realinyd, fypermedio
links 19 other data files sh as CAD dmwinga.
Under such on mrangenient, & user is Irec to oovigate
in his dota modzl for updating clange infarmation,
racking  archive design #ad  prepoing  sew
infuanation fm Jaainlwdeas @ odhor paer
Motwithatapdipg the fleid memnee ih assessing
dysign  infoonation, the projert fmam s sl
poblalbwrating in an asynchroneus moce, It may be
o possible 10 configure the coptiication jo such a
povay that téans inemles cowdd ecallaborate inoa
o osymchroseous made by holdiog o virlwal degign
uontzremce on-dice in orker o Achieve & real Thwoe
inccpaciion etwesn team nicmbers, Whils the actuml
st ap [or sch  synchwououx oollaborailon has yel
to be realized, (ke el nesd for dhis mods of
camnumication 1§ quastionable, A ieam rember
ey bave o sacritice his flebillly in managing his
wider tr alend o wirtual condeErcncs.
. Ezxpunence shows that umless & major iasuc is o be

commadererd| Lhe acean@eient o osk at? beao oacalers
10 auem] # virmual coofercace could be wenyr tedipus
and therebore may tos be of aay praciieal vale:. The
grucigl moquirement s fheb e commie aygicm
chauld allow a project fesm member (o caplure all
U design changes, which could b taced readily
and shovld pearide the [exibitily i rocmmndsie
nbip changes withoul the weed, of rebuibling the
e e kil mawhal ajjai

Ml bz demongiraled thal hypomscdia s
appropriate Tor tee developmend of a design tood for
the rle-based buibding sorvices coginctang af dx
peliminary design stage (Oilleard & Les 199G
Typemeedia inodels b eapeed of the collabomgive
thegign poceds For she wefurbishowenl propel we
heing devetoped an the basis gl dwse coaccpia
develnped  previenaty  For prclinunay buildiey

ome i
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services engincering desion may be extended jng
applied 1w oope with the collabersdive enviemmer.

T ELEMENTS OF THE COLLABDIAT-
oM M{EL

1 Iiws Lewen showm thay Yy Identilying the differeat
tvpes of relalions betweon the variane infgrmotian
abects, llw ¢Ilectivences of reldeving and wpduring
of the hypermwalin madel zan be preatly enlunced
(Gilkarl & Lee 199%), Therzfore, the ptE-requisine
conditern Wilh mgarg o the oepsdniction of a
hypennedia medel for the  oollnboratioy Jesipm
process G5 the ideatibcation and dhe subseyquent
elossificotion. ol dhe types of indoouativy being
hard le=d.

In  lypomembia,  information  mey  he
1oprevenbod vk cporied i the foran o nodes ss well
ta Finks berween nodés. Modes ant [|nks may be seen
us ohgegls thal could be coouated, copied, maved,
modified end  destryed. lo e case of @
relurbidinend  desagn projed, 1he  cnllaberation
twdel basdcaily consiels of two main Gypes of
infotmabo, i the design informatdensdatn and the
owtizrs af thewe information. Thepe wmay be facher
broken divwn imio differem major edements. The
dlgn information'dale maAinly comsigts of e
imprevement propasal, sandard informaiicn (E-H
EMEinEETIng standatd or practics codes) and apeciin
design tauirements (o.g. gize ard locaten of a
chiller plam). Owoers of such information ke 1o
the members of the grojed leam including bouging
IUNLIZETs, Mainicitice surveyod, structural eginser
and Building sorveces enpinesc. Cleacly thwre are
relatiang belwesn the dements of the vwa Gilferew
types of izfiarmalion o5 well a5 (se belwesm the
elttrenty belonping W the sanw [nfurotdon bypes.
There ix o active Telation berwenn the elaments of
the desipn intommation’daty {though the apecific
design requiraticn s & (udction of standard
informatiou).  Alse, the seladons  betwcen Ui
mformaton cvmes will not bave wy sipnificant
mzaning wnless they are connecisd o the desipr
infirmaliondbiva As e recolt, the mmaining melations
that may ke wpmificent Tor coagikbemlion wne the
fcthians fhak The oumers will ke wity repal Lo Lthe
dusip infwmation’dara. The ouwner may propase,
meview or Sdentify 2 eer of deslzo infoomatianidata,
Figure 4. |1 can be seen shial e agreement between
thr vamues gwaets may be reflecied by chucking ihe
"PROPOSE" relation deourl: which abl awierr



e e he eme vesslen of  Lneprovement
Fraposal™ = w hypooamedin e the
infemativng ol o,

Onee aguly we  atenth oF pdoplng risc
(lassifeuion of relzons  bemveen  shdomation
abjrees R Bcililgog Bie infymution ow nod
Auldegued asloeval ol detipn fecision has Leen
CHusrdied. fIagming werk is being cesnicd v Lo
idendiry Arajesic relicns of tie collabamuve desipn
process  The canfiprimkn iy Laen dhege
redMinns wre heinp eon-drunied und wested apamd the
prlfionance slapdurd of the obacng ayseem e
lwndlerg col ubarative design informiation.

RLE

n CONTLUKILN

T bt procmis of the reAwbishment at a2
sbopping votlr b beeo analyzed, Request fur
deugly changes A the very Tabe stige of te dosym
proces is vl uncmarae, The project Leam e wa e
Ocxitibz in copirg with chese changes whicl may me
he easaly predicled qvll o beyord Hueic comerad. Thae
mlizbyrative design progess is chercbord. saen a3 a
complzx prohlem thal wan wul the devedopime of g
miFlem o design ool oble do provele auch diccibilig
net p=adily  avoilsbbe in conventiaral  appranch.
thypermedis in a nmwnror] envlaonnen lias esn
mipy=seod &% suitable  pasadygm  for such
#vslypinen] wark, Farlhet reacinch 12 b camisl)
oul in work om ogn opimum eafiguesion will
wgnrd 12 the miplooeidelion of hyperenediz yhal
would paralict tee callabardmive desipn fash,
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Figure &, The Rale of the BSF. in cuntenlling the fluw of desipn in foranntion.
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Figueré 3. Tvo dilfercnl convepta in managing desipn chuniges.
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Fipwre 4. Trpicul Classification of Relatinoy briweco Informaton Objects
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fiar the Lifc oyele costimg of W ildinns 13] Thao is,
dree prisnery infuesnacionnl clentoms aoe regwired wr
memestnt the desipn inienl: prgnd obpdives, o
©oprusluct wiodel of tie design. and desipn context

assnngdine. Prject objecuve ars the snwed porfac-

mane Eeiks One g pdeticnla boilding deslen i

moempaing 13 achicve, The predwo-madel is o coome

phele detanling of dbhe pligesicni ooaspome.ats o a baikl.

i7n uak M dynanne aperalion of e budlding sys-

vk mekh us e aic-cenditlonine cowwsl sysiem.

Svneelerd [mlumn:ian
Fig. 1 The luie nualel

Cronresl asseinplions defoes the opreacing envirgn.-
meid willin which Lie buildhip, b oo desig et fo
achicre the stalcd propesd olijecises, such ns dekyn
wolbng IKd g Sae 4 alr-cundinoning eyscon.

The slawlapd informalicn Tequired by the BSC
basic pxedel mrighw be snid 10 be compsrable o che
desigh corackl asrumplion propgsed by Hilchoo.
Similady the mfurbishirent ingeovenent omposls
pluy o role equivalenn we lhal calibaled by i pood-
vel mwwlel  Fosever, speeille Aeslgn rEGUibEmEns
diffzr from the peojesl gbjoeive, B esnnip=g, the

Marpker meprewmus e physical pans of the wedel .

vehile ik |ater addmesses the comoeponal ipues Tlos
may b oibhoireped by e Ballovoing cacpls. The
clicuit’ s Lriel 1ypicnily ®ntes “to pravide oenfral i
coneliratag sysign oo nll eanumne arels of e
elvepping center’, This wntenoeol may e cuieyonzsd
ws a DnpEuemnent poesal, lowming & pan of Lhe
varjahle alata get. The catenn ardl spacc lor the
selocled chuller plood als ks ¢ part of the vasioble
clestip requirernenid. {3 the wlber hard. L weanher
dods, eocling lvod eelewhjon Nnavle. swnsEmn-
vl concrralms on vhe felecdion of chilker planl, edc
sypesalty Jara dhe o pad of b smodiod o
Fised ipfominalion set, Thus the onpegvenicnt pri
Tour| minsl b volednted smainsl both e wacicsle iml
Figed desipn raguanaiees, [F oo other anfievownbde
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condhlians am obserrsd by e BEF, ¢ 2. paoily
cosrliaated strylees, inepoprizie: plaal moon e
uon or siciop. dben the revised refobideoent -
puial witl by yutsl ool acocpiad  Fowewer, wihers
gaoklicl Do pceor redesign will be necessarys This
Iz goermarm with raterhishmomt projects Thessfope,
i Bar o (b Lasez necde] is caacaracd. Cizee ame Ueeee
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queat eévigiens). stwndard infronainon and, finally.
rpccidic lesign requersmeants.

A i Mape callabacalion beresen the BSE and
dher T mimmbers Bas W ko he esialitishecd. i
exer. UF ol [°0 imembers apply e sane bagic madel
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worellsre By Bl ol desps inlaoraiss a poe-
bimmary cortlmaton wndel mey ke crosiog el
Cil:eiausly. different PT onedbers caf snes W dif-
fermul revised s plopusn A therg shonld
he oaame Nwens @ sunsglidute thenr ke woothor
npalate | votsion, wluich waald b lapTer vlibc-ated.
The lnead veeaon waoll be noawed 25 Eedeack
Erwan o, close laoyp of she colinbovation woacel, Fli. 4.

The sugeettel colkiboranan modck confenas W
e eomwrealion pdopbed by 330 in maing o e
piseial penvivy sysbem’. These Jaines arg spowa as
reH Aefiq. s, o cone |'r|||'|'-l:'|m:_w. CoWe pRirposs 14
cupranl oy s voktation proeess ir aleeh sane
mkiby. the ‘a0 Siaged. ar el o
soune new Tomy of b same etiy, Oee oot 4],
Thewe ure six mhenpemns. ©&T W 5L, shar fopau e
rhe poal de=simtinn:

¢ cuykemer I vicdi e o
wereticiares ot T
Wz el wilslo day L
the camveczu of
inpaut to quikpeat

dis wordilwiew,

wehath snubed Lis

T niezateins=ul 1w concext
Uz who cpmld

s T

=l#ancirs. aniiside che
sydem wlncA it Ll.1-:|::
A% Hl'ﬁ.'ll

A H=ICH

T tra n<frumadinn
PEICDhS

W Welmiscbanunyg

0l Bt hEs

E  envicvmientad
CiLsh aLns

T pmujuet alsjeerive of the collaberaticn meaded may

b mrem s Ahe roal debandlion: e c3alhsl o ciicnlis

brici o enbmnce the chopping ntmospliaee of he

shoppany, cedmes wirl 3 feden caee of mal less than

5% ol thie vepind invesowant’'. The ez of He

gl defloilion are:

C BSE, 1L, RS, SE

A HAE, HM, ME, 5L

v deterines  specific  oedgn  egubeusn,
ek, ol pevised improvemenl prapom=l

W welurhizh shn|'||_'.|in]1__ renler b ernlaes ernl-
mezig] vinkility

ri ILenp Ky Housing Aatharity

I B welun 1ane

Conseygerly, fbhe (ot dEGneon or il core Hir-
[nan of the refilvislameal |mp=L 1y 1 b veuliocd

o ceansinudiiong, u ses of oeuvilica. which may Tepae-
seml b= drlktharaiacn moele] .,‘*1‘:|m.‘:ve‘:|ﬂ1|r|1|:,'_

A, Muoules aF vollahnrplny Jiktilel

The predikindey colialeenuon aeodsl A8Gs uea
suppes how Ue differend vprovemil peopasads
witadd ue cowibiucd w0 o propozal. Qe s ine-
LLr.aIinl'. :.|.-.—_|i.u|:|:,- I 1o he Toaleer Sehineck. Tl mle-
pehrcd proqosad will eonevin ivee Jppes of anforma-
lio jeerms i Serms of (heis sttt ol acpeplance iy )
the 171 members: eoaplzie apeeaeml, 1o AZLe=Iens
and w croninens,. Respective Fazic awckels widl poo-
ress ahime impmeenEmb itenss proupen ootk Can
agreeinenl’ again, It is possibtz that ather severnl
reiwbs ot lerdwen, R 'm SarecmeEl sisualiar
ool rendn g, Uodee such ciromnsinges,
it may he ereseAry e priowisize gpecitic iesipn
reyricmienls o dubeoent levels, Thys ol FTowill
ha'e A0 reacdi n eonReilfs on wWhether Derkve oc
paesive nedelling of Ihe design shaehd e depled.
Acgive nadelling ndealz (e parly of sysden or divin -
buetnn=e cnled disiga. while the pnsiys ap s
CEIEEntmbe move g Lhe builuing fabeie (8].

Advcenndvisly, ebe pmojoel objeclive wowld diciaie
i Tesulls Bl enel heE e epecemen’ gimakon. As
A caueple, the progest objective o eerablith n
oligm™s bricl bnoenbance 1he Sicaping abnespleEe af
o slwoppivg center will & regom Tate of past fesg than
E% al cha eapieal mvesuncnt’” may se viewed a3
ubsolulz requivnenl, AH sulmequest Jeslub -
proveamears will b e assessed agnst dhic nhe
live. In iy notance e scxightfaiward opproneh
waulih ke In cul back na any ilcms thal iy yield o
sarnL e of Iess thas £%. Howeoer, dle emticipaled
1enkl inemme iy dependet un o e ol Facier,
o, b= cnriimercial mix iR the shapping cenler, the
sl dxle and layaut of the skores. The coomaoic
lackgpoansl oF e shappers, cue. At thare is o
kinple rolmioiship helween o menlal incemne zanl
ftipl oveineld propasel. che calgiloed mtine rate will
wnirally hecue e cimwating fuetnr Lo sedling nny
' el .ﬂEm.:rnnnl' SiLITe.

‘Ihare s ne prucicel sspest ol e ealiabaate
mwxdel. The Tour basic medes idegilisd e Fig. 4
olten werg2 a1 a poind &fil e cosclosion of the



LRI POt ke I respeerye U aem-
bers. The mergonyp paiot pkivs o signitenl mde i
clecishing e made ol collaboranga., The weeoain
shoacn dr [ie A regresents oodlahocation i e Sayn-
clurivenes ||1:u||||.'r,' L. FOLIseans ire -:l|x!:_1i|||r:|!. ir
laes vase cach FT member faesans s e be Jesien
sepornlely, Tinme i wsually nol o Kiver oo 2ach
Aoy it AeFicse A8 ke 16 dnelimne e thecs gyaes

. of infanuorign conthinzd in e orgedecmen poo-

posl. Howeeer, s.pss el T aiwembe”s presraty
ten iz arly weakly canmacred o the oo deuien
paricipals o [opgerdire pevind s panmably reqeined

- Tar vlxauing @ cimscrame D 3 msaee e sen-

chromnns appronch is bess elleclive in caalvrg fe
LD JOCCINCAL CRES, .

I i poesible elevad coomeg2 e fuoe Yok T
rnadels ar chis paiat aller the ppesile desicn requine-

Creets tive boon ooatablished. Wens dhiz e ocor,

cacle BT aernber bas 1g wwsdify zic requircnsie
heture they conclude cherr atywaventasl propasl.
Far insiomee, it e gpace reyuitenens for housine 4

. chiller pluan it aar acceatlle we Lhe ME, I glyu'd L
prssibdr w oreduce the scope of the new orgml
U uircanditiomdrgg 0 aeder e ocope will: e aasalli
Cplod s Sech @ apmement coutsl be teadsly

—earhed ln nodegern masing scoded by all PT

Comembas L, it syndiomious spargich s esth

lishedl, Cleacly i will muinkmize ke ' gareemem”
items il consalidansd e oveneccl Eopoo b
Flowever, destae chanpes effeceed in this rowier
may be mogre dilhgule W oecord and Hlans he (ivare
promc 10 dispube” e x batocr wage. hoie impodanc
the-clere thal dlesign chunges and the ratbonale ke-
ldrast ihese changedl ae well documenced.

The rcprﬂpe.-:-l!ulinl'. al Al coll@nsidinn dmiﬂn
menlel priswanly comigiriscd dee desgn knowledg:
biase G, 1T standan! bbfsmmaation]) anc 1l -
g sl mlet kieowledaop base. Clendy. each implomen-
enlionm af e medel shoold aesull inowelingeent gr
vewiglon of alee wnvinble daca im arcler Bl st nayr cops
welb chanuing slesign teguircnmmls with o view

" achieving the required level of flesihility. While
- Elscklasd s mor definbiven bas previded U cowssp-

fual basid e abe develepincim of the collaboracion
mreled, the Texiibalivg of applpog 3ahl's oot
sppraach in tnckling Yesswell-sciumd prablenss is
revigted |0 comie mplation al & compl ee-aided de-
S50 enviranneenl,

L. lidalu e ar el S Awvaweicm i Cevtnonion = 1200 a5-1wn FE

- Agrewls wnd Beibiligy

Al agdwaenies he impormnce of providio? dese
Bility i 1lee pser—intorines i onbar e fzilive e
WA=t portoeedige Mot lackling compias
preblzn [3] The flesibling may e achussd by
Ennildny, cowparer -lsed sagiems inole proeess model
sich 38 snlations way be evelval iveectively, The
redausn between e sbgrce of tesibility and o
camplezily of 2 probler is nor indigaied in %00
wink. Chanly the ellort neceseary wr davelogp vom.
prier-lomed apeans hat can coumicae wish gsber
spente compaler-hisesor hurane is guite gigmificm
and bas g0 be juacficd agaunt e cunpleey ol he
tdadsivn-cmakg qublen. e case of a refuchashutent
prajeel, (heait by is woslly neoded For she rrackag:
al e devign decrion and suUleyquent reljrepen: of
the. rallabsarating medel  Flexibilily may alsa be
paceved Csooie avadabiny of any  sophisticoed
rroopiiyr system thed provides andelligenl nepns 1o
oheain mzauls of building servlees cogineedng colpp
laticarg, such as flus reeugmitien of CATY objeuts (e,
high feved repregeielwion of dexipn oalag for aomo
naaerd greecdion of sar-conditivmng degls aed pipe .
Howeever, &t iz nol criticol in erhoncing the cffect we-
ness of U coltabaraesa desige process a% o whoke
because it eomisliiees only nomatively =iobl portion
of e eae coltdrn i wank (oo o 105 o
Ihe trial working lime |||1F|n1:-:1|:1:|lz'.;,l:l

Banl of fhe preblem which has already bess de-
Iined Fir the a.hrwin-ﬂ ¢rnler e fuchishment collabo-
racive iseal Le.o the homan aocns (HSE, Hod, 315
orad SE) il (he stendecd] infurmodion necils e be
well soucimed. [1is alse underswod thae meenngyga-
Llion nf e siamdard adiimainhesn tnnwlndg«.-. linge h1_.'
1L wacmlices muy L oo exeremedy enmplicared pea-
re5, [ollenvilg abis argometnt i1 ey be snid thar
Mexibliny in oepnwizing design wFannsaien {anel siuk-
sequenil clhianges sl e b reguingdd iy play
4 more important roks in companson wish e Teai-
hilaly swwsine fiom the gencialasn of aew enzincering
dato. Whers: this mooors it may nof b of dle i
paogley 12 Laitnkiah o compuieT-nased el 1w Camy
gl o fumeriane a2 i Inlevagencions of Koo ledgee
hases intclligemly. The mnre pnlgnmtic l.|1|:|r4nc|1 i%
1o pecvick ne inEorinntion oeznnizer Thal nay be able
14 r_a;umi'e 3rd melrieve e decrstoons niade b:.' L BT
meen bers under n enmpuaicc-zitied ooy irsaniien. Such
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which me grouped wyelun ik necesgarily with uny
sequeklind relosimeihip,. They serec e puipose ol
pivembey seanlsaiFatiom o e sgbsequent dewelap-
mene vl e lender spreicicanon wnd Lemsinacijan
velice. [The [les Zie similor 1 she roie of e
buwibding vodes ard regulaime) Ay sod, U ooeey T
ur{;u::l LR .':'|'.|.'.i.'.ill._.' dr;:‘r:_n rr:]:__irmwr.t and th= ins-
provenical poapuzl Gend subseqently he clianss
briet] cauld be rendily sepocsemsed 2 o hiypmedia
micple] 36 bre bt cemstrated thal hypariedia iz
apprnpnale for sl develoguient o a désign wnl For
rile-Tspselt Duifing services enginsering ar Hee pre-
Timinary desigm soage [7] The consiouci.un of hyper-
dveln orodels Jor 1he gecitic dusian r=|:|ui|'r.11:rr|'.|a'L
and imomvgsient propesel s A lopeal cxtenson of
NG eOrCen e Ao the e hagad h_'.-l'mrrnﬁﬁil
medel Fo- building servicen chgimtenna dezizn By
virtue of the owdednivyy of bypeonediie imedels, the
Resibality do cpe wich the nopeedloable regwese far
subscguonr dodien clanges nay o leasiabe, i,
ndclitbanat weodles comld he camnectod oo the veiss-
1ag hypennedia-todsl wirhous any sigmfiean] inpn|
1a -reaminps the omehiteclure af dbe compurer pro-
araming, el Sypevinedis has been consilered o
an apprepricte medinm for regressntineg the conteal
ws wedl 2p the process of crlBhorsion [5].

T. Hypermaebin misial

By ivsell, legpromehiog in mmable o0 chanpe rhe
desapn, 30 alng Yacks the 4ol o commuomzade Cieecly
with mary olher aempuiler systems Howowver, B
by W argimiEe iRFRIRELOE o & honlinear imaper
resemibles the wny o desigoer ypicnlly prals hie
deaz o3 hek dezign evolves, The applicadlon ol ly
pennediz W the qreliminary desips of nele-based

: b Jeling senvices cngineativg deize suggesds o Fea-

sihls apprench 10 ackhe a lessowell-sinciored prob-
bz im a compaser-nided cwvinsimaznn, Yo regard m
the refurbisliuent prspecd Wie wchnigue G develop-

- tig 2 hypermedin moded may be somewhal diffzrene
©oan thad o bhoksss cheocnmz i fing b e coridensd |

A bypomiedla nmdel Lz Beng developed Based on
M duta grawiuce ay vl in Fiy 4, Role-brsed
prelinenary boiking, services engiaceriog deslyn
comcepis wWilk L apphod and mixhilicl oy mequice:.
Typacally, the three primuy infeonntein cleacss

Wil | be fantler brokz dewen s varions idonmalion
e oF abjects, wnd cheir celanicossiop wal ke
tleanents af e mun elefinuee will be dalined. BU has
been showa hal by slendilying and cligzilying Ihe
ilifferent fypes of 1 rlalecoship, e sfecivemes;
of resricvens fomatica sl ¢pdaling ol the hyper-
meclia nslek 2an b geeally cohaaced | 7).

In hyperussde, jofiermion may be sepessamied
i carned inoalz faen of nodes ox well w5 links
lertween warkes Waebes and linds may e seen gg
ot peors that could be oesaied, copieed, moved, wedi-
b and desimoped, [n b cnzce ol o eelurbisinnen
l.‘.-:Ejgn modet, ke Ovicd Jioonery infarmmlicn | ele-
ment s which deling e desipn informacion s daea be -
lenp o the "T' o reneshonnation poess' ax e-
e i the ol defaition. L3 1l mher hand. (he
ISE W5 RE and Hivl plny the zles as "0 or "4 °
L. Tcustenser ar 2o, B ik abserend il Lhiry ave
apmuntable far the primory informanan elenkes
belanglug 1o the sempective disziplioe, ., ey e
viw ey of el desupn infonnAican/dare defined i
der the throe prinsary o elemenes There is
niv aTive meilion betwreen Ihe primany Jicfsemation
clowenta (though dus spesifos desuzn reguarsglem i3 a
fanection ul standird ifononfond, Also, che celatians
bebwerin die Loorrmnian cwse s will o Dives imy
Aueuit liciml rnéuuiu5 uilasx 1M}' are cinnecred o cle
dedign infanmation Adata. As 4 cosali, de remuniag
relatidm s that imay be simnilBons fae consideradinn an:
Il seliona thad dhe owoers will lake witll rezacd Do
e clesign wfongostivn data. The Gwner ey pro-
poce. review o oideneify 2 s af cdesign enlorma-
oo da. Hi. 5010 can be seen Bl the agvemenl
v e vaniouy wwners may be eflecied by
Shieeking e I'HOIPOSE” selation thrangh waich all
rwids poinl Wohe same vorsian of “improvsmenl
prapazal’ ar iy Bepenmedia emn dle 2o infomig.
I cibpert,

T agao s streregl of wdeqaning e classilic:-
fivn of pelotiomy belween informalion objocls o
Covalarnting dh infarmention Mave and suRsequorT a-
eyl ol besivm decisien hus been illusiraled. Ongo-
in!.; wark s hl:ing oirrield ouy Ma ilil.l.":ﬂlif}' 51r.:|h:|!i|.'
relalions ul e collaborative desipn process. The
configuratihe andlng fram these relations are being
vapsireckel md besled ogonal the performance. sien-
darl of che calsting syseon for mliog calfalios.
Ive design infomoatioe. :
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B. Cencluzivn

e o o the develeprmest of the cliencs
Lnied o vespee ol dhe mle played Ty the BS1E P
shapps coer refurbishment las Boon omilined
Tha peospussd noadel bes. [deeafied dbe oed bor
okl oraom hereeemn membes Sf il prves! beam.
Tae wesd feor o satable selhod inomap e dow af
diign inForminfion In o deralvG IMArmer is wiace 11
g ala wbecived ol e ghoice of The poilt arhere
ahe bisic woklels conld maorpe s o s et -
pact oi the mode ol callnbomlion, i . smchrss
v, mvyiackroupaws, Ta s way the requiresnients of the
RS Gasl obier members ofF jbe P10 solving
gomplex ohlaws winy be conzidersl and wopbied
wikgever appropriate. Frc plaury infornaigml el
nemita o the cellnbomtion madel ko aisa besn
identifies] aod Bew relcvance 1o e Dooeawk o
orllatarativn las besm analyeed.

Criteal examloasi an of the ushanmseonl e lenszals
snaprsr WAL s lnsticnbedl compiier SEM= dikh o2
Yaganls® My nol he ecedeary il ander B provide 1he.
flesikilily ta handle comples probloms The wluption
ol [iyperiicdia oo mandel a ol ol the ool lnboration
preecess, ey previde suttciont flexibin commensy.
(uie with He sime 0T the problom. This argyinem will
le fusabier verificd subgspen o de campleticn nl
e bypennedia refurbishment model curerdly ander
conslweLiom.
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COLLABDIATIVE  DESIGN: A FROCESS  MOREL  FOR
WFFURBISHMENT

L Yan-chues, ML AN 1 GHLLEARL. I"HE
famrarimerts o ey Serviney Ergenatoring
Flaw Hewrt Roongr Fabotertaes Lrafurgrsiles

Abstruct. Colkaboralive degien relaled toe zelurbishment prajedls i 4
comples process. The namier of parties invobved corapounds this
complexity, S0 (o0 U iteralive aature ol design wierchy informiason
llaw nd {ccision rales are typicaly non-linear. Hyprmedia s
Mhepafoe cupgested as Bn approprisie medium as well 55 & ool 1k
made! This pracess. By reviewing the 1 farkishment af mechanicak and
elecwieal  {mdzg)  enuipment within 3 shoppinz  center  Ghe
rppeeprigienuss of 2 hyperraedfa paradizn is exinnined. In this way
prrimiaey information clem-=anls and velacions Lerweon ach elemcnis aoc
idontited. These Farm she basis for G development al the
Inypeerimedia moedel descrilavd in this paper.

1. Introduction: The I*robbens

The modsl attemjts to mimie the procedures fyr developinp a client’s design
wriel. The briel may be said to reflect the needs, miles and desipn suides nl
varions project Leaw members. Flaxibiliny in cuping with change is an
smportant Teature of the model, [o additiun, whenever chanpe pecurs rEcking
{record keeping) these design chianges alonp with backeround infocsmarion,
arguments uhd justification e iv exsential. Evidence indicates thal design
chanies tar refurbisiment projects ocour in an unpredictable manner. This is
Frequently dus t a wanber of feiods, ¢.g., ok of suitable design ata at the
rarly design stage; instilicient cepndition survey data¥ relating 10 the
existing e equipmant; and jnadequare information an the condizian af the
building Tabric, Ineffective communication Betwsen the clieng and projec
team members may also resull dn misundersiandine of the clispt’s need
cesulting in abonive desiga work. '

Cotlabomative design process s wndcrstood s the iptegention of
distribucad work by information sharing cacher than by eoventiveal data

il

—_ o, e ¢ o B T =t =T, i
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exchange, The product modeling approach has been widely aecepted a5 1he
methodohopy to dedime the dita sspect of bdusiaes: ohjeers mo faviliaic
exchange of desipa inharmation. which s wpically reprossmied by the
Industey Fawndsdion Class (INC) developed Ly the Ineerpationsl Allanzz af
Interaperability, The dilfTorence in the scope 6 well as the conceprs betwegn
the IYC approach and hypermedia model it respect ol the sirateey Gar e
cxchange of design inkrrmation will alse be discussed i this paper.

1. Cellaborative Dheyign vs. Infurmation Sharing

The base: ¢l laboration moadel has been Wenpified (Gidleard wnd Lee |998)
The projoen texm (1) nomaalty comptrises baildine services enginesr {HS],
browsing maniger {HM), maintengnes sarveror (M2 and stroctord enrineer
(5. Further stiidy of this moded siegeears (hal the process of collabaralion
s well as the resulis of tos process i Focused at Node - of the model,
Figure. |- In egal speaton, each PT member may present his Laproveress
Proposals it a design méeting and exchinge them wity ather PT members.
Esgentizlly they have sared wosenes of aclivilics in sharine desizn
ifornation. The PT members may be collaborating wo amive at a consensus
ot merely uitering their nwn (deas with o agrcement At Al I mest cases,
they iy have partial agreanel up the improvenent proposals. Cleady i is
nol adajuats tov decument what have been agreed anly. Hesolving the
dilferénces  between PT members to osivive at 2 complete  agresmen
uilfectively s hinged on the onderstanding of the rationale behind those
disagreed mnproveryent tems, ‘These information regarding disagreenent ore
very often difficedr to document and as B resulf they are nod readily retriesed
by otier membears.

Under the hypermedia environtmenl, Notle ' may be represented by a
framewark or mairix which co-ordinates e differeat  imprevemcnt
praposals againse respeciive information owmsers (e PT nignbers) for
_ waTious major improvement iems, Figure. 2, Furflier infonnation Supporing
respective proposals could be readily retdeved tirouph hyperliok and these
may inclade sie sketches, photographs, drawings o even animation For
iHustration purpose. Althoush bypermedia es Oexeble in exionding it nodes
and links oo rest” more infonmation, i1 is crecial that & Gamewark of he
cilahoratiom miwdel has t0 be defined PT mweobees miay be eastly Lokt wien
they collalviae or share infomutien within the hypemedia eodlaboreian
tagdcd, which will gradually increase i s siee and complexity, On the other
lvamd, designated aregs or mezns of aceass have w be delined ueder this
framewnik o 121 idividual member 4o joput their desion intent or
argaments. [t confommas to the hypennedia design concepis regueding “the
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distinction hoelween structuring on the large” and authormg “on e soslk'™
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3 Control of Collalboralive Design Process

The iteration process & shown m Figure | will stop only when theee is a
corplete agreement amowg, members, Such o scenarie of total agreement is
rare in practice, Typically, wasstarming die disssreoment betwcen members
it diffeeent desipn options may canclude the development ol a clizne's
heet, Different design oplion gy result in 3 diffecens project cosi
Twpicully, optigns that jncur a Tugher cost are deldad frpio the chea's bri=T,
tlowever, if a specific optian{s) iz/nre considered by the cliont to be cssonting
Altheugh enstly Mese may aksa be included. For example, the chent's design
1eam may chonse relatively cxpensive linshios that are considered 1o enhance
the aesthelics / allmtiveness of the shopping cenree. In this wiy the
additional cost may be jusiified oo commercial grounds on the hasis that a
tnore pleasing atmosphere will aliract more sustonsers [ the shopping
venlre, Similady the designer / client may Favour groater expense on the
Ealse cciling, lighting Frtings, air grille or dilfusers based on commarcial
Judlpement providing of course that the teader price does net czeeed the
project budgst, In sech instances the praject team may go ahead ta include
these provisional igms. In this connection, critena have to be defmed, at a
cerzain stage of the design process, to conclude the iteration i order L allow
the PT members 1o decide which items have to be included in the clicnt's
briet. The problem is who should twke e lead under zuch a mule-
disciglutary relationaliip, 1t is entirely a manapement issue that could nat be
possibly reaolved by a computer.

As Far as the hyponnudia model (3 copcerned, clearly each memnber is a
readur of the mode| and at the same time ah author us well, In wadilional
literature and writing the author will have full coawgl aver the developrent
ol the texl. However, i hypermedia, the toles of an uscr arc evidently
twofold. "hypertext...places reading and writing in a connected and
pverlapping terrain, thus providing a fomm in which readiog aocd writng cat
he reconceived in such @ way thut these (raditionally separate acts begin to
partially coalesce.” (Snyder 1996). It s inevitable that e mole of an author
overkaps wills that of the reader uader the collaboralive desipn envirgamest.
Lty oiher words, Lhe behaviowr of 8 hyperoredia mode! may belave differently
as seen by & PT member as rceadur or gs glhor,

The illusteation ps shown in Figure 2 is taken as an example. Undpe the
impravement item of chiller pland location, the BSE is the authos of Uption
while other T mombers 2re readers. Similarly, the TTh and M5 play the role
as author in Option £ and Option 3 respectively. Cinder such circumsrangas.
the hypenmedia model funclions as an agend to documeal {04 o keep an
account ol and wrednize the decisions that lave been made against
respletive desipn options, Clearfy the changing of roles of individual P
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aembers wneker ditfevent design oprions swmplicates the dusision making
pracess 45 the camtrol authorivy is o [ongar vestod i ube person anly.

The technigue of delaying the decision -makng by putting the “disaprecd
aption” as provisional iems W the contract may not be applicahle w eritical
itemns 1hat kave significant impact on the averall design. The decision of
whethor central airconcioniop should be provided o o refurbished
shopping, centre is an example. Therefore, it is logical tw break dewn the
prablem iato sub-problzns and classified thew ineo diffecent  aroups
according 1o their sipaificance with regard ro averall design of the proect.
The chance uf arriving at # apreement among PT memnbecs with regand $o
anc proup should be hipher then that of several wroups Tor A given lime
constraint. :

4. Allernative Approach to Resolve Disagreenzend X

‘Fhe dilferent aroups of sub-problems or desipn optians are set at diferenl
Vevels thatl Tiay be ranked accurding te the extent of their relevance in respect
of the whale prujeet, There arc al fvast four levels thatcauld be identified for
a ypical refurbishment project, Figure 3. The highest leved is thve objeclive of
the projuct that is A conceptual one i conrast with those al the lower level
ones such as the choice of lighting fittngs. franscquently, collaboration
herwecn PT mesmbers to achicve agreement way be carried ot from the tap
jevel dowowand under normad circumstances, For instance, the chiller pla
loc:ation cannat be considered wnless the requirsment of providing, central
ai-conditioning 1o the shopping centre has been deteninined. Oocasionally
the sequence may be reversed; ie, the avaitability of u suihle chiller plant
location has ke be confirmed before the reguirement of central air-
conditioning could be defined. Such o scenario may arise from the findings
during the feasinility study stage that aveilable space for plant area will be
very limited, Clearly such a back tracking from the lower l:vel to the higher
anes will widesming the effectiveness of e project team in concludiog the
clicat's hrief.

Besides less effective i the decision-making process, he major
shortcaming of the non-sequential mode cf design developanent is thal some
critical design decision couldl he averlooked, A missing step in Hie process of
cliant's bricl development may inply that part of the refurbishment work is
carried out withuot 2uthorization rom the clivet. 3F the client relusbe 1o avcept
the wark and instruct the projest team be redesigh the partion of te project
in question, eatra cost and time will be incutred subsequently. Clearly these
optians at differont lovels aee inter-related and hypermedia may provide the
necoasary links to teftect the significance of design infarmanion strecture. in
principle, any improvement item should he conrected Lo @ currgspanding
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iem ane level above it When the praject tears wish ta conclude the elient™s
brief, they tnay inerrogale the hyparmedia model o heglidrght any
“unconnected” items, Evidently lhe concepmal busis of constracting the
relntinns batween those items or desipn reguiremants at different levels [as
to be meaningful in the way that they would assaciaie with the saipe system,
¢ clulfer plant location should he comected to cenleal airconditioning
under (e major venirernenls,

Level | | Improvement Objective,

Level2 | Mujor Requirements: new central air-cvnditioning
s¥stems, aldditional trapstormer, additional csealatyrs,

additienal retail spaee,

Level 3 L.ocations and scope of work: location of chiller plant,
shopping arva tu be air-conditioned, location af new-
transformer house, location and quantily vl new

esealaturs, location and area of new retnil space.

Level d | Sizing of plants and systems, materials, critical

ramstruefion details.

Figare 3. The four-level conligucation of [ lypeomedia model

5. Design Changes

[t has been argued that design changes for cefurbishment projec|s oceur in an
unpredictable nianmer, Changes may take place wny time fom the
prediminary ilesipn stape (o the fingl completion of a praject. However, for a
pacticalar design change, it could result i a diffzrent time and cost
implication with respect to difforent stages of a project. 2epending on (he
nagninle of the impact on 1one and cost purauant W design changes, a
priject may be seen as theee wajor Nages, i€ pre-dender sieae, tendesig

511



COLLABORATIVE DESIGM: A PROCESS _F-"I!}I_]HI: FOR BEFLRBISHMTENTE

stage znd coastruction siage, [Desipa changes taking place during pre-tender
suage wll nar incur any Lime A cose loss practicalby except extra cosl duato
additional scope of work, The situation is sinilar foe the tendering stape
unl=ss the seope of he change is so large tha re-tendering  becormes
unavnidable, Chanees during the construction slage ame wast unlavourabie in
wemrs of gime wnd cost eontrol, smd untortuoalely it ig the tost criticd
challenge Hat the projoct wam has b face. Obviously the project weam has 1o
cope with (i change with 1ine awd cost implicalion kept to a minimin, L
fhe other hand, i The time and budgel constraints are likely ) be excocded
arising from Me change, the project teum is abiiged to juslify the case to the
client that e change in quostion may not be gntertained. Under these
circumstances, it has o he demonsicated that fo what extent the hypermedia
model could fcilitate he project team o manage the desii ndcess n such
a way fiat the prajest would be cartied oot wilhin constrints.

The conceptual hypermedia model of the design pracess as ghorwn in
Figure 1 is considercd again. For msiance, the area of the shopping cendle to
be provided with air-conditioning has to b increased during the construction
stape. ‘Uhis improvement ilem is classified under Level 3 af the madel. The
seupe of the praposed change is cheuhed at Level 3 in the first instance. || i
connected 1 the iem of praviding central air-conditioming a3 stipulated in
lL.ewel 2, which is also vonsisient with the improvement ohjective faid down
in Lovel 1. Having satisfied himself with regand 1o he autherication af
design requiremicnts by navigating 'upsiream” of the model, the project BSE
may proceed 1o solicit the agreement of other PT enembers at this fevel
similar to the exergise thak has been carried aut during the pre-dender stAge.
IF the revigion of client's.brief could be roncluded, be iay 2o “down stegam”
10 chieck the item of sic-corditioning plant sizing at Level 4, Clearly the
clfeclivencss af the FT menhers to respond Lo design changes is dependen
on the readingss of the hypermedia model to provide access to key design
inFormation or history, It can be shoesen that with the approptiate planoing of
the Jevels of the Famework as well as the hyperlinks construsted
sirategically, the unlavourable impast to the progress of & praject under
unpredictable changes coall be minmized. :

" & Coilaburative Deslpn from a Different Perspectlve

The collaborative dasipn process as discussed is studied on the percephion
thax ali the professianals of the project toam are in-house staff, ic. all belang
to e same organization. The definitions of the variols improvement items
coubd be readily comprehended by all FI° menhers who shonld have
cuitivased mutual understanding subseguent bo their partlelpation in variols
prodects a5 3 team. Clearly the deseription of an itnpravement item should he
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consistent al different levels of the hypermedia mwdel and Tully recoanized
by FT members of difterent disciplings. Qtherwise, the searching of
wmifonmation and comesponding nawigation tactics could be conlused as a
resull of inconsislent terminology, In other words, only one set of modeling
language should adopred. Clearly there are gaps it informaion shacing in ihe
construction industry as a whaole. Solotioms are heing developed to bridge e
zan with the recognition of potential buziness benefits by professionals in
mdusty,

Typically, the Industey Foundation Classes, IFC, have been developed by
the ternationat Atliance for Interoperability, 1AL w provide for data
exchange and sharing capabililies or the building and construction secror of
the industry (Liebich and Wix 1998). In briel, the IFC provides the
itamewaork and techniques for infarmation cxchange by describing “thar”
this information is and “how™ it is exchanged. However, in reality the
vonstruction domain knowledye lies oulside the focus of the cnre proguct
andl pml.:}e:-;s modeling' zctivilies such as 1AL (Lockley 1998). As siech, ay tar
as the collaborative design model is concerned, the modeling language could
not be readily fommalized under the IFC framewaork. Nevertheless, the mexlg]
should be FC proved in the long run when the scope of collaborative design
activities will be extended to other parties such as the contractors a5 well as
professionals of other consultancy firms as a résult of puisourcing. |t may be
pre-atured, thur the soltaborative desipn model Tor in-house spplication
should be [FC compliant in consideratinn of the very “lacalized” situations
for which rthe real benefit of IFC has yet w be demonstrated. ladeed, there
are comenents that theve is soll not enough hard evidencs (ol real and
siynilicance beneli} comiong [Tom real project, mare evidence s needed 1o
fully convince mdustny to contimng o support the development of the FFCy
(Wix 1998).

7. Conclusiun

The design process of the refurbishiment of a shopping centre has been
reviewed, A conceptuzl hypermedia rodel of (his process is sugrested, Lt is
ubserved thal the changing reley ol the project (eam members at different
stape of the design process under different design topics correspond to thy
duval rates of an waer of hypermedia, ie. repder 85 well as author. The
cognition of the dual rodes gives rise (o the resiruciuring of the configuration
of the hypermedia model. Drcision-making activilics are broken down into a
{our-level miodel that is seen as a more elfective model in terms of Aexibility
to cope with unpwedictable dezign changes. Intemational sandards in
information exchange such as the IFC have been considered. Adaptinn of s
[ratnowork to the collaborative desien tnade| is not nppropriate at this stage,
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which should be decned as ancther major research fopic 1o Le purshed
separalely. The collaboration mde] Leing developed Lasically describes the
activities of an in-house design {eamn, Forther research work will bocus on lhe
seneration of a glossary of the definitions of Wthe activities such that the
model may recognize and pravides effective puides e navigation by PT
- meinbers. Standardization of such a glossary against intsrmetional standards
may mot be fruitful because different im-house teqn inay have diflerem
working eulfures,
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