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Communicating Knowledge in the Building Industry:
the CUBE System and its Conceptual Models

Per Christiansson and Jérgen Modin, KBS-Media Lab, Lund University, Sweden

Abstract: This paper presents the underlying conceptual models that emerged during the
development of the Cube demonstrator in the Cube project at Lund University in Sweden. The
project was led by the Department of Construction Management with the systems development
being done by the authors, at the KBS-Media Lab of the Depantment of Structural Enginesring.
The Cube system is designed to be an aid for generating and maintaining knowledge relevant to
the building process, and to make this knowledge easily accessible to the participants of this
process, especially those at the building site. : .

In the Cube system the formalized rules do not apply to the kmowledge itself but rather to the way
it is conveyed. The goal for these models is to assist a growth of building knowledge that is driven
from the building site and the daily sitvations there. It is showed how knowledge chunks are
labeled and stored in answer boxes specific for each project or building site. The chunks contain
pictures, drawings, photos and text. Existing classification systems, BSAB, are implemented
together with a dynamic limited vocabulary, relevance ranking and task-oriented headings to form
an efficient knowledge communication and retrieval system.

1.  What is the Cube System?

The Cube system is designed to be an aid in the process of generating and maintaining knowledge
relevant to the building process, and to make this knowledge easily accessible to the participants .
of this process.

The Cube system started as 2 "superfax” (Hansson & Landin 1993). Construction workers at a
building site were able to fax in questions to the university and answers were faxed back in the
form of text and pictures. Psychologists helped to shape the structure of the answers so that these
were both practical and generally applicable. These faxes formed the core of a knowledge base of
questions and answer around which a computer system was built up that could store, order and
communicate the building knowledge. This computer system is called a demonstrator, meaning
that it is a prototype that is continually refined and that it communicates design ideas.

The current contents of the Cube database deals with the construction stage of the building
process. Knowledge is stored as pairs of questions and answers. Fach answer is divided into three
sections: Direct answer, answer with alteratives and answer with references. Questions and
answers arc made up of text, drawings and 24-bit high resclution photos.

2. Dynamic Knowledge Nets

The Cube system, and other systems born at the KBS-Media Lab, are looked upon a5 being parts
of the Dynamic Knowledge Net, The Dynamic Knowledge Net is a network to connect persons,
organizations/processes, and computer tools (see figure 2). Connections in the Dynamic
Knowledge Net, DKN, may be established in time and space. See also (Christiansson, 1992).

When we communicate as human beings we use languages which formalize the information flow
(English, symbols, sounds etc.). Computerized knowledge also need to be reachable in a more a
less formalized way. We could talk about a network of knowledge which dynamically adapts to
different needs: a Dynamic Knowledge Net, DKN. In the DKN we connect a mix of knowledge
Tepresentations to make it easily accessible and easy to augment.

Information is captured, stored, manipulated, transferred and delivered through more and more
efficient media. This increased efficiency of media can be seen both in transfer speed, storage
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capacity and improved multimedia interface. The senders and receivers of this information may
be man and/or machines. At the same time we store greater and greater arnount of information in
digital form in computers at a steadily increasing speed. The information when communicated
carries knowledge and implicitly, or explicitly contains representations or models of our reality,
Knowledge is mainly stored in people but may also be stored in machines and networks of
machines. These networks or highways for information makes possible high accessibility to
knowledge both in man and machines, ‘

3. Conceptual Modelling

This paper deals with the conceptual models of the Cube systemn, A computer is a universal
machine and can through programming host many different kinds of specialized machines.
Conceptual modelling can be viewed as the process of designing such a “machine inside the
machine”. The computer can in this respect be likened by a box of mechanic pieces (meccanc’)
and the conceptual models we create can be likened by constructions of 'meccano’; In the process

of creating a computer program, we make decisions on where the joints should be, the length of
the levers, etc.

A conceptual model may or may not be well suited to the application. It may turn out that the
model cannot cope with change and cannot be developed further. To use the 'meccanc' metaphor:
The joints simply aren'rin the right place to allow motion. When the conceptual modeling is
successful one has created an improvement that is irreversible, something that can be used as the
new standard for performing the task at hand,

4. How the Cube Works

The Cube system contains facilities for capturing, storing and retrieving knowledge. The user
enters questions into the cube system with the aid of mark-up systems. The answers to the
questions are then entered into the cube system by an expert, or provided immediately by the

Cube database itself.
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Figure & The data flow in the cube system

The Cube database consists of two parts: the answer box, which contains question-answer pairs,
and the reference book that contains knowledge stored from previous projects. When a user looks

for information the Cube system tries 1o display information from the databases that is relevant to
the question.

If the user decides there is no relevant answer a question is stored in the answer box and experts
are notified of the new question, As the database grows a substantial amount of knowledge in the
form of question-answer pairs will be stored in the answer box. The answer box is tied 1o the
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specific project. When the project is finished the answer box is stored for future reference, and
kmowledge of general interest is transferred 1o the reference book (see figure 5).

This transfer becomes a process of refinement. The reference book is read-only and is accessible
1o all projects in the organization.

It was regarded as important that the users, when putting a question, should have as rich ways as
possible of expressing themselves, The user should be able to take a shot of for example 2
building structure and include the resulting electronic photograph in a question. The system was
therefore designed to be used with a {relatively) cheap electronic still video camera or video
camera. A user-interface convention was established which indicates links to photos from words
by drawing these words in bold italic text style (see figure 6). A. paint program was also integrated
for making drawings or pasting/linking in drawings from other programs into a question. The
drawings are called up by clicking at words drawn in bold non-italic .
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. Figure &  This Is a knowledge chunk. The question is a the bottom left and the
answer at the bottom right. Clicking at bold-faced, itatic text brings up a photo.

5.  Conceptual Models of The Cube System

5.1. Marking Chunks
One of the questions the development team had to face from the early versions of the
demonstrator was; "How should information retrieval be performed in the Cube system?".

One way would be to have access to free text search where the user states the words he thinks will
be useful for retrieving knowledge chunks. There might though be a discrepancy between the
user's vocabulary and the one used in the relevant chunks. It was therefore decided that the
knowledge chunks should be tagged, with labels that could only be filled with a limited set of
terms that are familiar to the building personnel. The users should be able to retrieve information
by peinting and clicking at appropriate terms.

A limited set of terms can be derived from the BSAB classification system that is commonly used
in the Swedish building industry. It is a system consisting of two hierarchies (an additional third
hierarchy is under development). A hierarchy is referred to as a table in the BSAB system. See
also ‘The BSAB system' below. A flat vocabulary was also inroduced that can be customized to fit
the vocabulary of the specific organization.
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Lastly, five "check marks" were introduced to indicate the overall aspects of the question: Work
environment, materials, method, construction, and function, See fignre 11.

Compared to classification systems for libraries, one could say that the BSAB system corresponds
to an enumerative hierarchical system as the UDC, the limited vocabulary o a flat thesaurus and
the aspects of the building process to general facets in a classification system.

5.2. Conceptual Models for Communicating the ESAB System

5.2.1, The BSAB System

The Swedish building classification system (BSAB, 1972) has been extensively used during 20
years in Sweden, The BSAB system, which was a follow up to the CI/SfB classification system, is
now under reconstruction, see also (ISO, 1993),

In the Cube system we use two BSAB tables to mark up question-answer pairs:

- Product table 2; pointing at building parts and installations expressed mainly from a
functional view point. Example; 3.1 - Walls in a Building. 'Building part' in figure 8,
Product table 1; pointing at technical solutions and activity results. Example; X2.112 -
Windows and window doors made of wood. 'AMA code' in figure 11.

In addition the answer/question pairs may be marked up for domatn;
- . Work environment

- Materials

- Methods (related to Product table 1)

- Construction (related to Product table 1)

- Function (related to Product table 2)

5.2.2. Graphical BSAB Browser -

A graphical browser was introduced carly in the preject. Under '3. buildings' we can reach one
more level for example 3 called 'load bearing structure’ (see figure 8). If we want to mark up for
walls we can either press 3.1 'walls' in the drawing or click in the list at the upper right. We have
then selected 3.3.1 as 2 mark-up for our search,
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Figure 8 This screen is displayed when clicking at *Buildings' in the top level screen The
user feels comfortable because drawings and accessible help text is copied from the familiar book
(BSAB systemet, 1987).
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5.2.3. Hierarchical Browser

Because it is a considerable effort to put the entire BSAB systern into the form of the picture
browser, a simpler interface was designed that can swallow any hierarchical system arranged in
an ASCII file. Three different hierarchical user interfaces were considered:

- An outline interface as used in iext outlining programs as More™ (Fraase, 1987). Hierarchy
is indicated with indentation.

- An interface consisting of a number of text fields arranged side-by-side with the highest
hierarchical level to the left. This interface solution is used in e.g. the file browser of the
Nextstep™ operating system and the class browser of the Smallralk™ programming
environment.

- An interface with clickable objects that opens into windows, as in the Apple Macintosh™
Finder, i.e., part of the operating system, see {Apple, 1987).

The second alternative was chosen (see figure 9), since it allows more information to be displayed
in a small space and it utilizes the landscape (horizontal) orientation of the Apple 13" Monitor.

Figure 9 Hierarchical BSAB browser

The testers regarded the pictorial browser to be the more intuitive of the two BSAB browsers. The
impact was probably due to the fact that they were used 1o the very same pictures from the baok
version of the BSAB system.

5.3.  Search for Information
In the initial versions of the Cube demonstrator the user was welcomed by a screen that asked him
ether he wanted to enter a question or look for answers. It turned out that this did not make
much sense to the user. From the view of the programmer it is & logical choice since the aciivity
of entering text and the activity of searching the database are computationally different tasks. The
user though does not know if the information he is locking for is in the database. Therefore
stating a search query or putting a question is from his point of view the same activity, ie, to
search for information. There is only a difference in response time.

A new model was designed around the concepl io search for information, suggesting a non-modal
interface where the process of searching information and entering a question becomes one
seamless process. The only choice the user has to make is whether he is looking for or providing
information.

The same form with its interface elements is then used to lock for information and 10 enter new
informarion. The user states what he is looking for by using the different mark-up systems
available. The system returns a kst of chunks that match the search criteria. If the user decides
there are no good answers he puts a question and the system uses the entered criteria as the mark-
up for the new question.




5.4. Modeless Information Seeking

The interface in the Cube system consists of graphical objects that respond to the user's input

from mouse and keyboard (like most programs for Mac™ and Windows™), Since there are

several objects the user can choose from at one time it is not possible to regard the entire program
-as a linear flow. The program flow is shaped in small pieces in the dialogue between the user and

the program, It is therefore important to keep track of what information is available, ie, what state

the program is in.
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Figure 11 The user states what he is looking for by using the differant mark-up

systems available at the left half of the screen. In the field to the right the system retums a
list of chunks that match the search criteria. You go to the chunk by clicking at the line with
the chunk name {Some of the text in this pictura has been translated to English for ¢larity).

One can think of the screens as forms that are filled in by the user (see figure 11), and as the user
traverses the program, it gets into different states, When the user has filled in at least one search

criterion he is able to perform a search. He is informed that a search is not possible at the
moment, if there is no criterion,

States are not the same thing as modes. The user rarely has to select a certain mode in the Cube
system. A task can be performed at any time as long as the system has sufficient information to
fulfill it This is what is commonly referred to as a non-modal interface. There are however for
security reasons three global modes; user, expert, and systems maintenance mode. User mode is
for the every-day user, expert mode Is for subject-matter specialists providing the answers, and
systems maintenance mode s for the developers of the system.

5.5. Information Refinement

In the process of increasing the amount of data in the Cube system it became apparent that there is
a problem of low density of the knowledge in the system. The reasons for this happening are;

*  Some of the knowledge is related 10 project-specific problems. This knowledge will be of
low value outside the project.

. Some of the knowledge will become outdated with the emergence of new building
standards, building materials and techniques, etc.
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. Some of the questions are not stringent enough to form question-answer pairs of high
information content. In this case the subject specialist must reply something as “What
you're really asking is...”, to get focus and clarity to the chunk.

. Due to the vast possibilities of human language approximately the same question might be
posed several times without the subject specialist noticing it. This will lead to unnecessary
duplication of information.

. Since there will be several independent databases that may be under growth at the same
time redundancy occurs when the same question is put simultaneously in the databases.

Hence there is a need to concentrate the information through clustering similar chunks, sharpen
the focus and clarity of the chunks and checking the knowledge-base for outdated or erroneous
information.

In the Cube system the process of refining information is performed by one or several persons

who transfer the knowledge chunks from the answer box to a reference book. In doing so, they
select which chunks are to be transferred. They may also edit the mark-ups and merge several

chunks into one.

This gives that the refinement of information becomes a process based on judgment, The Cube
system does not give advice on what information should be transferred. It just provides the tools
for performing the refinement. The tools are gathered in a "transfer palette” that provides function
for transferring ail or selected data of a chunk.
5.6. Relevance Ranking :
A simple relevance ranking mechanism was implemented along the lines of the ranking
mechanism of the WAIS system (Kahle, 1991). A star rating precedes each displayed hit. The
rating (number of stars) depends on the number of matches between the search query and the
mark-up of a chunk.

\

6. Conclusion

A number of interlinked conceptual models were developed and used in the Cube project. These

include: ’

. A division of the database into a reference part and a project-specific part.

. The default state of information seeking and the non-modal forms-oriented interface that
supports it

. Mark-up systems including a limited vocabulary, a hierarchical classification system and
five aspects of the building process.

. Graphical user-interfaces 1o communicate classification systems,

+  The concept of information refinement comprising a model with a transfer palette to aid the
transfer between the answer box and the reference book.

*  Relevance ranking using star ratings.

It's too early to judge which of these conceptual models hold a lasting value. ;Ihc initial reactions
gom building personnel to the entire system (the sum of the conceptual models) are very positive
ough,

7.  Acknowledgements
‘The work was financed by the Swedish National IT-Building Programme, the Swedish Council
Eg% %ulgding Research (BFR) and the Development Fund of the Swedish Construction Industry




8. References

Apple Computer Inc. (1987), Human Interface Guidelines: The Apple Desktop
Interface, Addison-Wesley pp 144.

Berglund B, Christiansson P, Hansson B, Landin A, Modin T {1992),
Kunskapsutveckling i byggprocessen. LUTVDG/(TVBP-3032) pp 70 (Swedish report
on the Cube system),

the BSAB system (1972). The Swedish building-coordination centre, pp 195.

BSAB-systemet, tabeller och tillimpningar (1987), AB Svensk Byggtjinst, pp 144 (in
Swedish), ’

Classification of information in the construction industry. ISO technical Commirtee 59
SC13 WG2 , December 1993, pp 73.

Christiansson P. (1992), Dynamic Knowledge Nets in a changing Building Process.
Automation in construction Volume 1, Number 4, March 1993 Elsevier Publishers,
pp 307-322,

Christiansson P (1991), AMVY, Advanced Material and Vendor Information System.
LTH. Presented at "Building Systems Automation - Integration”. Madison, USA, June
3-7.pp 14.

Christiansson, P, (1989), Building a City Advisor in a Hyper Media Environment,
Journal of Environment and Planning B: Planning and Design, 1991, volume 18, pp 35-
50.

Fraase M (1989), Macintosh Hypermedia, Volume I, Reference Guide, pp 271.
Hansson B, Landin A, Compﬁter Aided Development of Knowledge in the Construction
Process, Presented at Mangement of Information Technology for Construction,
proceedings day 2, Singapore, August 1993, pp 12,

Kahle B (1991), WAIStatiop User Guide, Prototype Version v 0.57. via Intemet.

Weiser, M. (1991), The Computer for the 21st Century. Scientific American. Special
Issue on Comrmunications, Computers and Networks, September 1591, pp 66-75.




'~ International Society for
- Knowledge Organization




Advances in Knowledge Organization
Vol.4(AKO-4)
published by the
International Society for Knowledge Organization

Editorial Board

Daniel Benedikisson, Reykjavik, Iceland

Robert Fugmann, Idstein,Germany
Roland Hjerppe, Linkdping, Sweden
Barbara Kelm, Frankfurt, Germany
Norbert Meder, K&ln, Germany
Roy Rada, Liverpool, England
Yulius Shrejder, Moscow, Russia
: Elaine Svenonius, Los Angeles, USA
Rudolf Ungvary, Budapest, Hungary

ISSN 0938-5495




V661
OVTHIA SMIANI

urepanpiuRy :

(w77
AN

Jebeuia suuesng |
pue Ussyoaiq|y suueH .
Aq payp3 |

}lewuag ‘uollepunod s)ul4 ueq
woyy poddns yyum
Auewuay ‘uoneziueb1Q abpajmouy 1oy
A@100g |euopEUISIU) BY L
Unm uoneladoos vy
Miewuaqg ‘usbeyuadon
diysueueiqi Jo |ooyag [eAoy ay
Ag paziuebio

yiewua(q ‘uabeyuadon
v66L sunp ye-02
0UBIBJUOD ONSI [BUCHBUIAIU PAIYL

sy} jo !
sBuipasaoig "

Juswabeuepy Aljenp
pue
uoneziuebip abpajmouy

(¥661)1°10A ‘uoneziuebio abpaimouy] us sasueApy

EPBURY "0JU0I0] JO ANSIBAIUN ‘UOSWIEN|IM Aduep

eissny ‘Areiqy sjelg ueissny ‘ueAsenng 4 prenpg
Hewueq o0Qq R WOl ) 00SSY Ysiue( ‘uassueH-fueds Suluuay
vsn ‘pueidien jo Ansiaaun ‘labieog uaqobeqy
SPUBBLISN 8| 'wepialsity Jo Aysteaiun ‘sinysery y pleyian
[9BIs| ‘AlIsIoAlUN maIgaH ‘Z)liad D ewn|g

Mewuaq ‘Aojeloqe feuneN gsiy ‘ussielfod el esieuuy
Ale}| ‘yoreassy Jo jiounon reuoneN “lunbap elonn

eidoy ‘vsIS ‘ueyBeluejeap 'y

VSN ‘ANsIoalun asnoeIAg Hiusemy) eiegieqg

BIpU “Iyad jo Alislaalun ‘rewuiny| ueysiy

SN ‘Aueqy Jo Allsisaiun Y84 elejewsy

uspems 'gy1g| ‘sddiely puejoy

BIpU| ‘SINHisu] [eollsRelS uBIpul ‘Yleuidosy ' |y

NN ‘Siduled pue 1SUYo|Ie) ISUYoID uBly

Aueunag ‘uuewbng uagoy

VSN ‘uolbutyseps jo Alissanun ‘1spi eAey

epeue) ‘ojuolol jo Ausianun ‘joybeg ale|n

lizeig ‘eljiselq Jo Ausianun ‘moueleg Jin

epabiN jo Aleiqi [euoneN ‘sjoyueg eouesg

YN “Aus1aniun s,2100 uyop ‘llemaxeg ‘g oy

wapnuwo) weibouy

lebBeuis(Q suuesSNg
Jieysd weiboud

ogieH 8|0
9o uoneziuebio Jo aeyn

UBSIYOBIQ|Y SUUBH
HIBYD 90ouaIaU0)

HIBWUR(Q ‘Uonepunod s yul4 Ueg
woy) poddns yyum

Auewlen ‘WanpueId 1EY09-0) ‘egensboop
uonezjuebio abpajmouy Jo) A18100g [euoERUIBIL] BY I
Ym uonesadoos ui

S usBequado) 0ogz-Ma ‘g 1ebunang ‘diysueleiqi jo jooyog [efoy ey
islazjuebiQ

¥661 "ve-0g aunp “ewueq 'uabeyuadon
‘diysueneiqr Jo jooyos [efoy 8y 1B pley

{Ox81) uoneziuebiQ abpajmouy Jo; A18100g [BUOHRWIA|
U} JO asualauos payl




