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Abstract

Java g, Péivi (2007). Knowledge Management, Information Technology and Learning in a
Construction Project.

ICT (Information and Communication Technology) usage in construction is limited when
compared with other industries. This may be due to the unique characterigtics of the
construction industry and the tendency for late take-up of ICT solutions. The amount and
diversity of information created and referenced during a typical construction project is
considerable. Most people working in the construction business have been involved in
projects where costs have enormously exceeded the budget, where timetables have caused
problems, and where the end results have been useless or even unhealthy for people. The
KM (Knowledge Management) in construction projects fails, and there is no commitment
to improve the process even if productivity in the industry is very low compared to other
industries. Construction professionals work in complex and heterogeneous networks of
human beings and various artefacts. Productive participation in knowledge-intensive work
requires that both individual professionals and their communities and organisations
continuously transform their practices, develop new competencies, advance their
knowledge and understanding, as well as produce innovations and create new knowledge.

This present thesis is a case study conducted within the Prolab project in Vaasa University.
This study deals with the issues and problems of knowledge management in construction
projects. The focus is in construction ICT and solutions that have emerged in this field.
There are five published articles that relate to these themes. The empirical part for this
study comes from the Prolab project interviews in five demanding public construction
projects. The informants were project stakeholders; end-users of the buildings, such as
nurses and teachers; architects and specia designers; as well as project managers and
contractors.

My conclusions are that the knowledge processing tools are in use but they are not used in
as centralized or intelligent way as they could be. It seems that the solutions are not
interoperable because of technical problems. In addition, | found problems related to
inefficient information flow, lack of communication and project participants not being
ready to utilize the modern technologies, as well as to the lack of centralised KM strategy.
In order to improve the process, construction companies must integrate learning with day-
to-day work processes in such a way that they not only share knowledge but also provide
access to knowledge at any level. The knowledge portal systems that include BIM
(Building Information Modelling) operations and perceive user and business reguirements
are one way to innovative project management systems. Continual discussion between
customer and the application provider is necessary for the best results.

Paivi Javdja, Sadia Helsinki Polytechnic, P.O. Box 4023, FIN-00099, Helsinki City,
Finland, paivi.javaja@stadia.fi

Key words: Knowledge management, learning, e-learning, construction project,
construction ICT.
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1 Introduction

1.1 Characteristicsof Construction Industry

Information and Communications Technology (ICT) usage in the construction sector is
limited when compared with other industries. This may be due to the unique characteristics
of the construction industry and the tendency for late take-up of ICT solutions (Hannus et
al. 2003). The construction industry involves a set of characteristics that differentiates
construction from other sectors, as reported by Hannus et al. (2003) and Kazi and
Charoenngam (2003): Construction sector is heterogeneous and highly fragmented,
depending on a large number of very different professions and firms, which are mostly
small in size and tend to respond to local market needs. Construction is highly project
oriented. Each construction project — whether to create a new facility or renovate — is
typically unique. Regulations and standards are more rigorous in construction than in most
other sectors of economy. The sector is very labour intensive, with high mobility of the
workforce. The duration of contracts is often linked to the length of the site construction
phase. Business relationships are temporary and often short-term, bringing together

partners who may never work together again.

Bjork (1995) states the need of ICT in the construction industry because of the complexity
and size of the end product and the requirements of different know-how and materials
needed to erect a project. Thus the amount and diversity of information created and
referenced during a typical construction project is considerable. The use of ICT for the
processing, management and transfer of data offers great potential benefits to this industry
both in terms of making the design and construction process more efficient and in ensuring
better quality of the resulting buildings.

According to Wetherill et al. (2002), organisations and individuals participating in a
construction project bring along their own unique skills and resources, which may include
proprietary and commercial applications, knowledge and data. Despite the interest and the
effort put into knowledge management by many leading companies, the discipline is still in
its infancy. Many practitioners and researchers have acknowledged the limitations of
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current approaches to managing the information and knowledge relating to and arising
from a project (Rezgui 2001). Among the key reasons for these limitations are:

A vast amount of construction knowledge, by necessity, resides in the minds of the
individuals working within the domain. The intent behind decisions is often not
recorded or documented. It requires complex processes to track and record the
thousands of ad-hoc messages, phone calls, memos, and conversations that comprise
much of the project-related information.

People responsible for collecting and archiving project data may not necessarily
understand the specific needs of those who will use it, such as the actors involved in the
maintenance of the building. The data is usually not managed while it is created but
ingtead it is captured and archived at the end of the construction stage. People who have
knowledge about the project are likely to have left for another project by this time and
thus their input is not captured.

The lessons learned during the project are not organised well and they may be buried in
details. It is difficult to compile and disseminate useful knowledge to other projects.
Many companies maintain historical reports of their projects. Since people move from
one company to another, it is difficult to reach the authors of the original reports who
understand the hidden meaning of project data. This historical data should include a
rich representation of its context, so that it can be used with minimum or no

consultation.

New approaches to the management of knowledge within and between firms imply
major changes in individual roles and organisational processes. While they desire the
potential gains, they resist the necessary changes.

1.2 Problemsin Construction Industry

Most people working in the construction business have been involved in projects where
costs have enormously exceeded the budget, where timetable has caused problems and
where the end results have been useless or even unhealthy for people. The knowledge
management in construction projects fails, and there is no commitment to improve the

process even if productivity in the industry is very low compared to other industries.
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Love and Irani (2004) state that rework is an endemic problem in building and construction
projects. Rework is defined as “doing something at least one extra time due to
nonconformance to requirements’ (Love et a. 1999). Essentially, rework can arise from
errors, omissions, failures, damage, and change orders that occur in projects. Research has
shown that rework is the primary cause of time and schedule overruns and quality
deviations in projects. Delays and cost overruns seem to be the rule rather than an
exception in the construction industry. Design changes are frequent, generating costly
ripple effects that create delay and disruption. Projects often appear to be going smoothly
until near the end when errors made earlier are discovered, necessitating costly rework.
Such rework may result in overtime, additional hiring of resources, schedule slippage, or
reductions in project scope or quality. Various industry development initiatives have
focused on addressing the symptoms rather than the causes of the industry’s problems.
(Love and Irani 2004.)

Pathirage et al. (2005) state that in recent times the construction industry has been forced to
critically examine its performance as an industry that lags behind most other industries in
terms of technology and productivity. A number of government and academic reports
(Latham 1994, Egan 1998, Fairclough 2002) have repeatedly highlighted this issue and the
necessity for a fundamental cultural and technical change in the construction industry. It is
stated that the publication dates of Latham'’s report (1994) and Egan’s report (1998) are
crucial milestones for the industry because these reports address issues such as
fragmentation, client dissatisfaction, low-level investment in research and development as
well as the lack of skills in terms of improving productivity which adversely affects the
performance of the construction industry. The reports were published in early 1990s but
the problems till remain in the industry.

According to Shelbourn et al. (2006), there are difficulties in capturing, storing, sharing
and re-using all the information and knowledge relating to and arising from a construction
project. There are no mechanisms or processes to foster the social interaction required. It is
the common experience of all construction industry professionals that problems are
resolved in one project or a new solution is developed, but that these lessons are not
learned. Too often the same problem recurs in another project because nothing has been
done to eliminate the cause of the problem and, because the team is different, the issue is
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again dealt with from scratch. Commitment to continuous improvement should mean, at
best, that the problem does not occur more than once, but at least that the lessons learned
from overcoming it the first time are available to be applied in future. Similarly, it means
that successes and innovations that are developed in one environment need to be available
to be used on other projects (Orange et a. 1999).

1.3 Approach to the study

The main objective of this study arose from becoming conscious of the failures in
construction projects, such as cost and time-table overruns and big messes during
congtruction phase, as well as the fallures in their results; expensive and demanding
buildings have proved not to be useful and serviceable for the end users, which has caused
bad reputation for the construction industry and for the quality of construction. The low
uptake of information technologies and bad information management seem to be the
reasons to the most problems in the construction field. Quite many of the problems could
be solved by utilising modern technology. However, even the best information systems
alone will not guarantee success in congtruction projects. There is always a need for human
contribution and most failures in the construction industry involve problems in knowledge
management. As Davenport and Prusak (1997) argue:
“ Our fascination with technology has made us forget the key purpose of information:
to inform people. All the computersin the world won't help if users aren’t interested
in the information generated. All the telecommunications bandwidth won't add a
dime of value if employees don’'t share the information they have with others. Expert
systems won't provide useful knowledge if the knowledge changes too fast to

maintain — or if system designers can’t even find experts willing to surrender what
they know.”

Technology plays an important role in knowledge management, although knowledge
management is not about technology. Technology facilitates the process of transmitting
and exchanging information (Al-Hawamdeh 2002). It is not information technology itself
that creates success stories but the way an organisation integrates information technology
to run its work (Ellstrom 1999). The main purpose of this thesis is not only to explain

information technology but also its substantial possibilities.

Knowledge Management (KM): Knowledge is increasingly recognised as the most

important resource in organisations and a key differentiating factor in business today. It is
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increasingly being acknowledged that KM can bring about the much needed innovation
and improved business performance in the construction industry (Egbu et al. 1999).
According to Davenport and Prusak (1998), the only sustainable advantage a company has
comes from what it collectively knows, how efficiently it uses what it knows, and how
readily it acquires and uses new knowledge. Studies indicate that practices of knowledge
management rather than characteristics of individual experts differentiate the success of
projects. Projects with top experts have falled. Human thinking is very defective and
deduction mistakes are common (Tversky & Kahneman 1974).

Practices of organisational knowledge management have a key role from the viewpoint of
organisational intelligence. Studies also indicate that many high profile accidents and
crises could have been avoided if people had effectively utilised an organisation's earlier
experiences and knowledge. ICT could be used as the technical infrastructure for an
organization’s memory by creating various databases to which experiences and knowledge
of the organisation and its project teams could be stored. Analogously with human
memory, the challenge of this kind of collective memory is to represent and organise
knowledge in away that enables finding relevant and critical information later on.

Providing access to knowledge alone does not ensure that the knowledge will be used.
Knowledge transfer involves two actions: transmission (sending or presenting knowledge)
to arecipient and absorption by that recipient. If the knowledge is not absorbed, it has not
been transferred. Even transmission and absorption have no value if the ‘new’ knowledge
does not lead to a new development or idea. (Patel et a. 2000).

Sveiby (1996) has proposed IT Track and People Track approaches to knowledge
management. The IT Track focuses on the management of information. Its knowledge
management activities comprise the construction of information management systems,
artificial intelligence, data mining and other enabling technologies. In this case knowledge
can be treated as objects that can be identified and handled in an information system. The
People Track focuses on the management of people. Its core knowledge management
activities encompass assessing, changing and improving human individual skills and/or
behaviour. It is a complex set of dynamic skills and know-how that is constantly changing.

However, it is too simple an approach to define knowledge management as an IT Track
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and People Track. This approach does not take into account knowledge embodied in
processes and workflows or generated as a result of people interacting with information
systems and the environment around them (Al-Hawamdeh 2002). Knowledge in the form
of skills and competencies is normally acquired through training and interaction with
environment. 'Know how' or implicit knowledge is a type of knowledge that can be
expressed and articulated. A good example is the Xerox Eureka project (Bobrow 1999).
The Eureka system gathers shared tips on service repair for technicians worldwide. The
information captured in the system can benefit other technicians who might face the same

or Smilar problem.

Learning and e-learning: Construction professionals work in complex and heterogeneous
networks that consist of human beings and various artefacts. Productive participation in
knowledge-intensive work requires that both, individual professionals as well as their
communities and organisations continuously transform their practices, develop new
competencies, advance their knowledge and understanding, as well as produce innovations
and create new knowledge. Actually, the construction of a new building is a learning
process where the parties learn from each other. If wisely used, the new ICTs may have an
important role in meeting the challenges of learning, developing practices and creating new
knowledge. Even though virtual or e-learning is a popular notion, at present, we have very
little independent research-based knowledge about how information networks may be used
to support the development of human competence and expertise in construction
environment. From the viewpoint of cognitive science, it is narrow-minded to understand
e-learning as a process of delivering digital information and study material to people by the
means of ICTs. In the background there isan unrealistic assumption that learning is mainly
a matter of transmitting information to the learner. This assumption greatly oversimplifies
and distorts both the concept of knowledge and concept of the learning.

Haapalainen (2007) states the learning needs at an early phase of a construction project; the
designers need to learn what the requirements of the end users are. This could mean that
the designers have to learn the basics of the work that will be performed in the building
that is to be built or renovated; only this way he can design such facilities that fulfil the
needs of the end users of the building. On the other hand, the end users have to learn how
the plugs are drawn in the electrical drawings or what the dimensions of the building are so
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that they know if the furniture fits in and how much space is needed for the future
functions in the building. Love and Irani (2004) state that design-related rework in the
form of change orders is the major source of rework in construction projects and that a
dearth in the communication flow between the client and the design team members can

result in documentation errors and omissions.

Nowadays, the young engineers have to be put to productive work as soon as they are
hired. What is needed is on-site learning. The technologies, regulations and standards
change all the time; thus even senior workers need to learn in order to keep their skills up-
to-date. It is necessary to learn from past projects as well. Learning from good and/or bad
practices and earlier mistakes and failures requires special means because the employees
changes from project to project. E-learning environments are one good means to learning
at work. Learning should be managed; documents in databases are not enough to serve as

an e-learning possibility.

To be competitive, a construction firm has to be innovative in its use of knowledge that is
created and accumulated through project activities, and share it across relative projects.
Engineers and experts participating in projects act as knowledge workers, facilitating the
collection and management of knowledge between current and past projects (Lin et al.
2005). For example, learning of construction project stakeholders can be supported by an
e-learning platform that aids studying and understanding the construction operations in
advance, before or during the construction execution (Lin et al. 2005). The project
stakeholders first need skills that bring success in their current jobs. Secondly, they need
memberships in professional networks that keep them up-to-date in their professions.
Thirdly, they need the skillsto use the new technologies to the extent that these affect their
current work practice, but delivered in away that fitsinto their daily lives (Burnside 2001).
Eliufoo (2005) dates that organisations in construction are continuously exposed to
opportunities for learning. This is certainly true as each new project in construction is a
new experience. That is, no two projects can ever be exactly the same because they involve
different work teams, physical features, contracts and periods in time. Such variations
consequently bring in different working environments and new skills, tactics and solutions
for each new project.
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1.4 Objectivesof the study

A practical reason for this research was my ambition to find the bottlenecks and problems
that occur in construction projects. In addition, | wanted to learn what possibilities there
are to solve these main problems by means of construction ICT and how to minimise the
obstacles that | would find in the utilisation of ICT. On the grounds of this knowledge it
would be possible to develop processes and tools to better rise to the challenges. Every
article in this study focuses on a viewpoint of its own and involves different questions, but
in general, the questions can be summed up to the following objectives:

What kind of problems related to information flow in a construction project do the
project stakeholders highlight?

What kind of solutions is being suggested?

How could ICT be used to foster collective knowledge building and learning in
construction projects?

How could ICT tools be developed based on such understanding?

What are the obstacles to efficiently administrating information and how can these

obstacles be removed?

1.5 Realtsof the sudy

In the first, second, and third articles the focus is in the ICT tools that could improve
knowledge sharing and knowledge management in a construction project. The knowledge
processing tools are in use but they are not as centralised or intelligent that they could be.
There seemed to be technical problemsin that the solutions are not interoperable, and there
is a need to measure the quantities of materials, as well as to calculate and feed all
information many times. The information is being separated into different computers, and
there may be duplicated information stored in many different places. In addition, | found
problems related to inefficient information flow, lack of communication, and to the fact

that the project participants are not ready to utilise modern technologies.
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One solution could be the use of the Building Information Model (BIM), which is a data-
rich digital representation of the physical and functional characteristics of design and
congtruction. Its purpose is to make design information explicit, so that the design intent
can be immediately understood and automatically evaluated. The use of BIM defines a
common language for a project and illustrates the basis for well-functioning
communication between project participants and quick availability of datain order to avoid
delays and incorrect deliveries. The use of BIM in construction offers a chance to estimate
time and cost expenses as well as productivity. At present, technical-constructive planning
is based on alphanumeric data, is of an abstract nature, and possesses no direct graphical
representation. Geometrical and spatial representations are becoming more and more
significant in trying to understand and control large projects that include complex
structures.

In the fourth and fifth articles the weight is in learning, e-learning and web-based project
management system. Main recommendations relate to the use of this kind of systems. In
order to improve their process, construction organisations should integrate learning within
day-to-day work processes, in such a way that they not only share knowledge but also
provide access to knowledge and information at any level and operate efficiently in
response to their changing environment. The most sophisticated systems do not guarantee
the success of utilisation. In addition, there is a need for knowledge managers who
maintain e-learning environment and offer online courses and learning objects for project-
related things. The environment should be up-to-date and provide learning for new
technologies and devices and respond to learning needs during the project.

By utilising web-based project management systems firms have an ability to share
information and collaborate and transact across various technical platforms and
information systems. The system links all project documents to a centralised platform and
allows them to be shared by all parties involved in the project. The role of an intranet
varies from passive publishing of up-to-date company information to dynamic exploitation
of its capabilities to integrate with social networks (Ingirige and Sexton 2006). Through
their facilitatory role of locating, transferring and more efficiently using information and
expertise, intranets are positioned as effective and efficient tools in organisational
knowledge-sharing and learning (Offsey 1997). But the investment alone will not
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popularise intranet use in construction projects. The organisation strategy should take into
account an appropriate culture change to alter the mindset of the people into noticing that
the task relevance of intranet content is dependent on its usage and population (Ingirige
and Sexton 2006).

It is easy to find applications to different tasks but the lack of the centralised knowledge
management strategy brings about new problems. New ways of organising work meet
resistance, and people very soon become cynical and unintended consequences of techno
change failure prevent the success of the new change efforts. Many times the interviewees
talked about the obsolete computers and the limits of their knowledge on ICT possibilities.
At the same time they had doubts on the possible benefits of a system and unwillingness to
start to utilise the new system especialy if the last ICT project had failed for some reason.
Based on literature we found solutions to strengthen the commitment to use the new
applications by involving the users to requirements elicitation. To get the best results the
continual discussion between the customer and the application producer is necessary.

1.6 Structureof thethesis

This licentiate thesis consists of five articles, which have been published in scientific
conferences during 2005-2007, and this summarising report. The author’s past results are
to some extent reinterpreted and evaluated in the light of later developments. This report is
organised as follows.

First section: Introduction to the thesis and its topic

Second section: Concepts of knowledge management, learning and e-learning,
construction project management, and construction ICT

Third section: The theoretical background, organisation, aims and methodology of

research

Fourth section: Summary of five published articles
Fifth section: Discussion and conclusions
Appendix:

o0 Fivearticlesat their full length
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2 Literaturereview

The second section of this thesis lists and defines the concepts of knowledge management,
e-learning, construction project management and construction ICT, based on the references
of the published articles and including some later references and reinterpretations.

2.1 Knowledge Management

2.1.1 Main concepts of Knowledge Management

Data, information and knowledge: There are many approaches to the concept of
information. 'Data and 'information’ are often used as synonyms of knowledge. However,
these words have different meanings (Cong and Pandya 2003, Nonaka and Takeuchi
1995). Data means raw facts. To become information, data needs to be processed.
Decisions can only be made based on information. Knowledge, on the other hand, is
meaningful information. Knowledge is derived from information. Whether we are talking
about data, information or knowledge depends on our interpretation of these concepts.
Knowledge is the understanding that one gains through experience, reasoning, intuition,
and learning. We expand our knowledge when others share their knowledge with us. New
knowledge is created when we combine our knowledge with the knowledge of others
(Cong and Pandya 2003).

Knowledge management: According to Brelade and Harman (2001), Knowledge
Management (KM) means obtaining and using resources to create an environment in which
individuals have an access to information and in which individuals obtain, share and use
this information to raise the level of their knowledge. Knowledge management is referred
to as the process of creating, codifying and disseminating knowledge for a wide range of
knowledge-intensive tasks (Harris et al. 1998). In addition to this, individuals are
encouraged and enabled to obtain new information for an organisation. It is increasingly
being acknowledged that KM can bring about the much needed innovation and improved
business performance in the construction industry (Egbu et a. 1999).

ICT and knowledge management: Information Systems (IS) combine organisational,
human and information technology-based resources to generate effective and efficient
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collection, retrieval, communication and use of information. Information and
Communications Technology (ICT) serves IS by supporting business operations and
enabling new ways of carrying out organisational activities (Barret 1995). Computers can
help to transform data into information, but they can rarely help with creating context, and
humans are usually needed to help with the categorisation, calculation, and condensing of
data. According to Davenport and Prusak (1998), the medium is not the message though it
may strongly affect the message. The thing delivered is more important than the delivery
vehicle. Having a telephone does not guarantee or even encourage brilliant conversations.
The computational power of computers has little relevance to knowledge work, but the
communication and storage capabilities of networked computers make them knowledge-
enablers. Through e-mail, groupware, Internet, intranets, computers and networks, we can
point to people with knowledge and connect people who need to share knowledge over a
distance. Desktop videoconferencing and multimedia computing that transmit sound and
video as well as text make it possible to communicate some of the richness and subtlety of
one person’s knowledge to another. (Davenport and Prusak 1998.)

Tacit knowledge and explicit knowledge: Under the subject of knowledge management,
there are two kinds of knowledge: tacit knowledge and explicit knowledge (Nonaka and
Takeuchi 1995, Kazi et al. 2001, Davenport and Prusak 1998). Tacit knowledge is seen as
knowledge which is “personal, context-specific, found in personal skills, and therefore
hard to formalise and communicate” (Nonaka and Takeuchi 1995). Whereas, “explicit
knowledge is codified and digitised for example in books, documents, reports, white
papers, spreadsheets, memos and databases’ (Awad and Ghaziri 2003). The main
challenge has been to identify, for example, as to how one form of knowledge could be
converted to another and vice versa. The assumption here is that further knowledge is
created through interaction between tacit and explicit knowledge (Nonaka and Takeuchi
1995). The conversion mechanisms have been capsulated within the SECI (Socialisation,
Externalisation, Combination, and Internalisation) model by Nonaka and Takeuchi (1995)
that is frequently cited in most literature on knowledge management. Socialisation is for
tacit to tacit knowledge conversion, externalisation for tacit to explicit knowledge
conversion, combination for explicit to explicit knowledge conversion, and internalisation

for explicit to tacit knowledge conversion. Furthermore, knowledge conversion is a 'social’
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process between individuals, and interactions between individuals or groups are required to
capture, convert, and create new knowledge from existing knowledge (Nonaka and
Takeuchi 1995).

Contradicting the approach of Nonaka and Takeuchi (1995), Walsham and Barret (2005)
state: “knowledge ability is individual and based on tacit knowledge, which cannot be
converted to explicit knowmedge’ . According to them, this tacit power produces the deep
tacit knowledge that we have about the world in which we live, and this power is different
for each individual due to our different initial dispositions and experiences. Walsham and
Barret (2005) argue that philosophical reflections are highly relevant in the use of ICTs for
knowledge management. All databases, on-line data sources, and the contents of e-mails,
for example, are ‘explicit knowledge', which should not be confused with the much deeper
tacit knowing of individuals, which enabled creating these items in the first place. And will
they be meaningful and helpful to the others who access them? This will depend on
whether they connect well to the tacit knowledge of the user and offer something new or

interesting to this person.
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Figure 1: KM cycle model (Omega 2007).

KM Cycle Modd: The editors of Omega, International Journal of Management Science
(2007), have created a KM cycle model. The initiation of the KM cycle involves the stages
of knowledge management by an organisation. The four bullet points under creation refer
to Nonakas (1998) four modes of knowledge creation—socialisation, combination,
externalisation and internalisation. All of these KM stages are important in construction
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projects, especially during the design phase when new knowledge needs to be created and
all the parties create something new together. Illustrative of these four modes, respectively,
are apprenticeships, literature survey reports, lessons learned, and individual or group
learning through discussions. In contrast to internal knowledge creation, knowledge
acquisition involves the search for, recognition of, and assimilation of potentially valuable
knowledge, often from outside the organisation (Huber 1999). Bullet points under
knowl edge refinement (Menon and Pfeffer 1999) suggest that tacit, or implicit, knowledge
must be explicated, codified and organised into an appropriate format. Explicit knowledge
needs only to be formatted, evaluated, and selected. Knowledge that enters these stores of
knowledge becomes part of the organisation's memory. Organisational memory includes
knowledge that is stored in the minds of organisational members and that is held in
electronic repositories. In order for knowledge to have a wide organisational impact, it
usually must be either transferred or shared. Transfer involves focused and purposeful
communication of knowledge from a sender to a known receiver (King 2006a). Sharing is
less-focused dissemination, such as through a repository, to people who are usually
unknown to the contributor (King 2006b). Once knowledge is transferred to, or shared
with, others, it may be used or applied through a process of elaboration, infusion and
thoroughness in order to be useful in facilitating innovation, collective learning, individual
learning and/or collaborative problem solving (King 2005). Organisational Learning (OL)
is complementary to KM. Easterby-Smith and Lyles (2003) consider OL to focus on the
process and KM to focus on the content of the knowledge that an organisation acquires,
creates, processes and eventually uses. Another way to conceptualise intersection between
the two areas isto view OL as the goal of KM. By motivating the creation, dissemination
and application of knowledge, KM initiatives pay off by helping the organisation achieve
its goals. From this perspective, OL is one of the important ways in which an organisation
can utilise knowledge, as shown in Figure 1. The end of the cycle in Figure 1 depicts
knowledge having impact on organisational performance. Such improvements are the
primary basis that organisations use to judge the value of KM and OL initiatives.
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2.1.2 Knowledge management in construction industry

Kazi and Koivuniemi (2006) state the following about knowledge conversion from the
perspective of the construction industry: The most valuable form of knowledge is that
which is tacit, based on the experience of individuals, and articulated through social
interaction. In fact, in the construction industry, tacit knowledge has been passed from
skilled workers to apprentices over the years. At the same time, however, since this
knowledge is not readily accessible, and at times more often it is not in the form of rules of
the thumb, or intuitions, there is a need to formalise it in a way that makes it accessible to
many. In simple terms, how can experience be captured and made available in the form of
good and/or bad practises that are accessible by all relevant stakeholders through, for
example, a best-practices database? That is the first and very essential step, which is
naturally followed by combining and internalising processes to a continuous loop
(socialisation — externalisation — combination — internalisation) in order to form new
knowledge.

The construction industry does not have a strong record of valuing its employees and their
individual and collective contributions. This, therefore, makes it more difficult to share
knowledge. Tacit knowledge tends to be regarded as personal property rather than
organisational property. Hierarchical organisational structures and multi-disciplinary teams
also make it more difficult to share knowledge. The introduction of new management
structures to deal effectively with knowledge management may be viewed with suspicion.
Likewise, radical changesinwork practices are not desirable. Any task that is seen as requiring
more effort will not be widely accepted. Knowledge Management will have to become an

integral part of the way individuals work if it is to succeed. (Anumbaet al. 2000.)

Wetherill et al. (2002) divide the knowledge classification of the construction domain into
the following three categories:

Domain knowledge: this forms the overall information context. It includes
administrative information (e.g. zoning regulations, planning permissions), standards,
technical rules, product databases, etc. Thisinformation is, in principle, available to all
companies, and is partly stored in electronic databases.
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Organisational knowledge: this is company specific, and is the intellectual capital of the
firm. It resides both formally in company records and informally through the skilled
processes of the firm. It aso comprises knowledge about personal skills, project
experience of the employees, and cross-organisational knowledge. The latter covers
knowledge about business relationships with partners, including clients, architects,
engineering companies, and contractors.

Project knowledge: this is the potential for usable knowledge and is at the source of
much of the knowledge identified above. It is both knowledge each company has about
the project and the knowledge that is created by interaction between firms. It is not kept
in a form that promotes re-use (e.g. solutions to technical problems, or avoiding
repeated mistakes), and thus companies and partnerships are generally unable to
capitalise on this potential to create knowledge. Project knowledge includes both
project records and the recorded and unrecorded memory of processes, problems and

solutions.

According to Eliufoo (2005), there is a quantitatively continuous information flow in
construction processes, which cumulatively builds on the knowledge that an organisation
possesses. Petursson (1991) has indicated how organisations in construction could enrich
their knowledge base by making use of what they refer to as the forward and backward
flow of information. That is, if taken that information goes through an interpretative and
meaningful process (Bhatt 2001, Davenport and Prusak 1998). The backward flow of
information in the construction process is a significant aspect for organisations to build
upon their knowledge base in both forms of knowledge. This is so since feedback on
constructability, cost matters and the time factor has a chance of being incorporated into
future design; and when such an action is taken, the organisation is considered to have

undergone a learning process and to have learned (Argyris 1999).

2.1.3 Problemsin knowledge management

The problems in knowledge management, according to Davenport and Prusak (1998),
struggle somewhere within the construction culture. These researchers were looking for
best practices, new ideas, creative synergies and breakthrough processes that information
cannot supply, regardless of how well it is managed. They became convinced that these
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kinds of results could be reached only in making effective use of knowledge. In addition, it
was clear to them that much of the knowledge that the companies need already exists
within their organisations but is not accessible or available when required. In their book
Davenport and Prusak (1998) cite one manager as follows: “ If we knew what we know, we
would be three times as profitable.” That isthe belief of many corporate executives which
shows the obvious need to study how knowledge is managed, mismanaged and unmanaged

in organisations.

According to Szulanski (2003), a large number of organisations are now attempting to
transfer best practices, close internal performance gaps, stop 're-inventing the wheel’, and
eliminate deficiencies in performance. The rise of the knowledge economy has helped
organisations recognise that knowledge assets are rapidly becoming their most precious
source of competitive advantage, and that learning to better manage those assets has
become a competitive necessity. Best practices are unlikely to spread if companies do not
try to spread them. However, even when they do try to spread them, best practices spread
less effectively than expected, because transferring them effectively is often found to be far
more difficult than expected. Transfers of practices within the firm tend to be ‘sticky’.
Difficulties in the transfer of best practices within firms are traditionally ascribed to
interdivisional jealousy, lack of incentive, lack of confidence, insufficient priority, lack of
buy-in, heavy inclination to re-invent the wheel, or to 'ploughing the same fields twice', the
refusal of recipients to do exactly what they are told, resistance to change, lack of
commitment, turf protection, and many other manifestations of what seem to be part of the
popular definition of the NIH (Not-Invented-Here) syndrome. (Szulanski 2003.)

The construction industry is a project-based industry, the delivered product changing from
one project to another under the influence of many different factors. Consequently each
day on the construction site brings forth a new problem and a new solution. These
problems and solutions are rarely well-documented, and valuable lessons are learned only
in the minds of those who experienced them (Kazi and Koivuniemi 2006). Knowledge and
experience, just like good solutions from past projects, should be re-used again and again.
This is however not very easy, as project partners typically change from project to project
and new partners are little if at all aware of past experiences, good or bad. In the coming

years the situation will become even more problematic as the construction industry will
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lose a large portion of its skilled force (Kazi 2006). It is not only the loss of skilled work
force that is amatter of concern for the construction organisations, but also the experiences
and knowledge that this skilled force will take with them. Construction organisations have
experimented with different tools and instruments to capture some of the good and bad
practices that are salient characteristics of a typical construction site and project. A good
practice database should be implemented as a means for the capture good practices and

their appropriate dissemination (Kazi 2006).

2.1.4 Knowledge management model used in this study

Nonaka and Takeuchi’s (1995) four modes of knowledge creation have formed the bases
of data collection and later analysis. In addition to two forms of knowledge, tacit and
explicit, the knowledge created can be classified into athird category: the combination of
explicit and tacit forms (Eliufoo 2005, Al-Hawamdeh 2002). This combination may be
found in routines, norms, organisation structure, culture or individual memories. This
'Know-how' is the type of knowledge that can be expressed and articulated. For example,
shared tips can be gathered, and the information can benefit others who might face the
same or similar problem. Know-how can be seen as what Nonaka and Takeuchi (1995)
referred to when they talked about tacit knowledge to explicit knowledge conversion.
According to them, knowledge conversion is about interactions between explicit and tacit
knowledge in continuous and spiral manner. Unlike skills and competencies, know-how
can be documented and the knowledge can be transferred through an independent learning
process. Al-Hawamdeh (2002) compares the situation to the process of making a cake: the
ingredients and tips can be documented, and the reader might not be able to master it the
first time around, but through trials he might be able to do even better than the originator.

Within the construction industry, valuable experience and knowledge are lost primarily
because of the lack of proper capturing and sharing mechanisms. This thesis takes a
technology-driven approach to knowledge management and it is viewed in four phases:
knowledge capture and documentation, knowledge retrieval for re-use, new knowledge
creation, and knowledge sharing. In selecting and implementing technology, we have to
consider strategic relevance as well as the practicalities of everyday use, and how

technology fits with organisational and individual practices and the habits of its users.
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2.2 Learning and e-learning

2.2.1 Perspectiveson learning

According to Kasvi (2003), managing knowledge is not enough. In order to be of use,
knowledge has to be applied to practice by people. That is, people have to learn. Learning
has become a lifelong process. The traditional way of learning has been to bring students
together for lectures that occur during one’'s early years. Now learning is an all-time
activity, it is everywhere, yet just-on-time and customised just for you. We must now train
ourselves, take responsibility and develop our competences in self-directed learning.

Learning has become the most important part of everyone’s work. (Kasvi 2003.)

2.2.2 Learning models

Kasvi (2003) refers to Ertmer and Newby (1993) and Anderson (1980) when defining three
learning models. These three are behaviourism, cognitivism and constructivism.
Behaviourism is based on behavioural changes. The basic principle is to repeat and
reinforce a new behavioural pattern until it becomes automatic. Behaviourism observes
behaviour without referring to mental processes behind it. Learning is a passive process,
where learner reacts to different stimuli, for example to given knowledge. Cognitivism
focuses on the mental processes behind the behaviour. Human mind is seen as an
information-processing system that commits abstract symbolic representations of given
knowledge to memory, where they may be stored and processed. Constructivism sees
learning as an individual knowledge construction process. Knowledge cannot be given as
such, but it will have to be (re)constructed by each learner. Therefore, learning results are
based not only on given knowledge but on learner’s prior experiences and schema. (Kasvi
2003.)

2.2.3 Learning at work

According to Jarvinen and Poikela (2001), research on learning at work and especially
research supporting the development of work organisations has paid most attention to
intervention measures aimed at improving the performance of organisations and workers.
This is not difficult to understand, as the economic success of a company is the key
requirement for its survival (Jarvinen and Poikela 2001). The goal of learning is to improve
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the performance of the employee, the team and the whole organisation, develop the sense
of community in the work organisation, and support the employee's personal development
as well as masgtery of her or his own life (Boud and Garrick 1999). Achieving this goal
requires that learning at work should be simultaneously analysed as individual, group and
organisational learning process. This is the most important challenge in developing and
researching learning at work (Jarvinen and Poikela 2001).

2.2.4 Organisational learning

Organisational learning takes place when new routines and ways of action are conceived
and adopted in an organisation through individual learning and group dialogue. These
routines and ways of action are not dependent on the individuals and groups that have
created them but survive even after the people involved have left the organisation (Kasvi
2003). According to Marquardt (1996), learning in organisations can occur at three levels,
which are Individual learning, Group/Team learning and Organisational learning.
Individual learning means, according to Senge (1990), that “organisations learn only
through individuals who learn”. The factors that can contribute to individual learning in the
organisation include among others: (i) immediate application to work, (ii) accelerated
learning techniques, (iii) personal development plan, (iv) abundant opportunities available
for professional development, (v) linking to organisational learning in an explicit and
structured way.

Group/team learning means that work teams must be able to think, create and learn as an
entity. They must learn how to better create and capture learning (learning how to learn). A
successful team learning system ensures that teams share their experiences with other
groups in the organisation.

Organisational learning occurs through shared insights, knowledge and mental models of
the members of an organisation, and builds on past knowledge and experience, which
depend on ingtitutional mechanisms (policies, strategies, explicit models) used to retain
knowledge. Though organisations learn through individuals and groups, the process of
learning is influenced by a much broader set of variables, just like the performance of a
symphonic orchestrais more than the sum of itsindividuals knowledge and skills.
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Argyris and Schon (1978) attached another perspective to organisational learning. They
defined three different levels on organisational learning: (i) in single loop learning
organisation learns when it observes an error and corrects it, but does not change its
policies, objectives or thinking models; (ii) in double loop learning an organisation learns
by correcting observed errors in a way that involves the modification of organisational
norms, policies and objectives; (iii) in deutero learning members of an organisation reflect
on and inquire into organisation’s previous contexts and experiences for learning. Based on
these reflections, the organisation and its members learn to learn, understand what

facilitates or inhibits learning, and invent new approaches for learning.

2.25 Remembering organisational knowledge

According to Kasvi (2003), organisations have several potential outputs, not all of which
are intentional or intentionally managed: (i) different kinds of knowledge related to the
product or service or the organisation, (ii) technical and procedural knowledge concerning
the product and its production and use, (iii) organisational knowledge concerning the
organisation itself.

According to Kasvi (2003), organisational knowledge is particularly important for
organisational learning. If the organisation fails to systematically capture it, it risks
repeating its errors over and over again and losing any learning possibility taking place.
Organisational knowledge is based on the good and bad experiences of organisation
members, team leaders and managers when they have successfully or unsuccessfully
solved problems at hand and completed their tasks. But the negative experiences are easily
forgotten, and people do not usually have enough time to handle and reflect on their
positive experiences (Kasvi 2003). Organisational memory is distributed throughout the
entire organisation in individuals knowledge representations and competences, and an
‘Organisational Memory System' may store the memory in various forms, for example, as
databases, writings, stories, learning histories, and memories in people’'s minds. The
Organisational Memory System should be able to handle two distinctively different kinds
of knowledge. It should cover substance and lessons learned; what was done and how it
was done. It is not enough that an organisation collects, stores and distributes technical and

procedural knowledge according to traditional knowledge management principles. The
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organisations involved should be able to utilise these experiences, this organisational
knowledge in their future projects. If these lessons are not stored for future use, the
organisations cannot understand what actually happened and why. They effectively forget
what they have learned and cannot become learning organisations. (Kasvi 2003.)

2.2.6 E-learning

Knowledge management aims to help people acquire new knowledge, as well as package
and deliver existing knowledge through conscious learning. Electronic learning or e
learning isarelatively new areathat includes computer-based and on-line training tools. E-
learning systems often include collaboration tools and support for different types of
content, i.e. video, audio, documents etc. Knowledge could be delivered through a variety
of presentation devices including web browsers, PDAs and mobile phones. This enables
persons involved in a project to receive the knowledge when it is needed, regardless of
where they are and what they are doing. E-learning will be delivered as small, focused
learning objectsto fit the format of the presentation devices. (Woelk and Agarwal 2002.)

E-learning offers lots of advantages for learning which are different from other ways of
learning. A wave of empirical research has revealed a long list of the promises and
reported benefits of computer networks for learning at work. One self-evident benefit is
that computer networks break down the time and space constraints. And the delay of
asynchronous communication allows time for reflection in interaction (Hakkarainen et al.
2001). Making thinking visible by writing should help learners to reflect on their own ideas
and those of others ideas and share their expertise. A shared discourse space and
distributed interaction can offer many perspectives. Furthermore, a database can function
as a collective memory for a learning community, storing the history of knowledge,
construction processes for revisions and future use. Dynamically changing business
environments place completely different challenges on the learning process — it has to be
efficient, just-on-time and relevant to the task (problem-dependent). This can be solved
with elearning, i.e. with a distributed, student-oriented, personalised, and non-
linear/dynamic learning process (Drucker 2000).

E-learning may take place in the Internet with various technical platforms, in the context of

appropriate educational systems, and in communities and networks of practice. A national
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e-learning environment extends to numerous organisations and should not disturb an
individual learning event; on the contrary, an e-learning environment should support it. E-
learning tools and organisational habits, as well as new waysto teach and study, have to be
learned as a part of the e-learning community of practice (CoP). An e-learning
environment that includes all the necessary tools and social structures enables flexibility of
and changes to teaching and studying styles. (Koponen 2006.)

Disadvantages of e-learning include the lack of face-to-face interaction with a teacher.
Supporters of e-learning clam that this criticism is largely unfounded, as human
interactions can readily be encouraged through audio or video-based web-conferencing
programs. Discussion forums and other computer based communication can in fact
encourage students to meet face-to-face. Discussion groups can also be formed on-line. E-
learning tends to work better for the student when the topic matter consists of self-learned
items. When much group collaboration is required, e-learning can cause lag times in
collaborative feedback if the students are not disciplined. (Wikipedia 2007.)

2.2.7 E-learningin companies

Rosenberg (2001) has evaluated e-learning practices in companies. An effective
knowledge management system not only provides a means to share information, but also
builds up a community of learners. Employees can use their computers to view company
policies, access forms, distribute information among colleagues, share stories, access the
expertise of respected sages, trouble-shoot, gain up-to-the-minute advice, teach, coach, and
customise their training needs. A successful strategy involves developing a culture that is
receptive towards e-learning and technology, getting key players on board, communicating
the value of progress, and leadership through the change (Rosenberg 2001). The cost
benefits of e-learning to large organisations are difficult to ignore. Unlike classroom
training, users may repeat the e-learning course without duplicating the cost. Other
advantages of e-learning are the ability to communicate with fellow classmates
independent of metrical distance, a greater adaptability to learner’s needs, more variety in
learning experience with the use of multimedia, and the non-verbal presentation of
teaching material. Streamed video-recorded lectures provide visua and auditive learning

that can be reviewed as often as needed. For organisations with distributed and constantly



changing learners, e-learning has considerable benefits when compared with organising
classroom training. (Wikipedia 2007.)

Ericsson (2003) states that information technology-based information systems for learning
and acquiring work knowledge must be developed to fit the individual worker, group and
organisation. An information syssem must be in alignment with learning at the work.
Learning is a human capability that can be acknowledged in different ways. Production
workers' learning capabilities can be acknowledged by organising work in a way that
supports learning. Information technology is a tool that extends human capabilities, a tool
for communication and for processing and storing records, for example (Wyssusek et al.
2002). Putting too much emphasis on information technology alone and not keeping it in
line with production workers learning on the job is insensitive towards the work of
production workers and may result in creating a tool that does not facilitate learning (Braf
and Goldkuhl 2002).

The training that is available for construction industry staff often fails to provide ad hoc
support on up-to-date contents. Traditional face-to-face seminars can be a good
introduction to a topic but they cannot help to cope with upcoming problems and
challenges thereafter and cannot keep learners updated on new standards and regulations
(Wonhlfart and Frielingsdorf 2006). In addition, although there is a range of scientific
findings on didactical models, much of traditional training does not make a real use of
them. Traditional seminars are not sufficient for on-the-job support. The knowledge thus
acquired is stored and can be reproduced, but it is difficult to apply it to coping with daily
tasks. If learning is to be a continuous process, which needs to be integrated into work,
other approaches have to be favoured that provide more of an on-demand support
(Wohlfart and Frielingsdorf 2006).

2.2.8 E-learning model used in this study

The learning of the construction project stakeholders can be supported by an e-learning
platform that aids studying and understanding the construction operations in advance,
before or during the construction execution (Lin et al. 2005). ICT-supported learning
systems can also be called knowledge management systems (Lin et al. 2005). Many

organisations are now engaged in knowledge management efforts in order to leverage
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knowledge both within their organisation and externally to their shareholders and
customers (Malhotra 2000, 2001). Vauable knowledge can be available in different forms
and media, such as in the minds of experts, in operation procedures, and in documents,
databases, intranets, etc. However, knowledge management in the construction phase of
projects aims at effectively and systematically collecting and sharing the experience and
knowledge of the project by web-based and intranet technologies (Lin et al. 2005).

On-line learning tools can be roughly divided into tools for delivering educational content
and tools for communication. Educational content is, of course, aways communicative. In
a digital on-line environment content can be continuously reviewed and improved. It is
generally recognised that workers at all levels of an organisation are a significant source of
creative thinking. On-line tools could provide workers with a link to immediately capture
the lessons learnt as a project progresses (Bowden et al. 2006). Off-site training formats are
low-cost aternatives for on-the-job training and give a novice an opportunity to experience
real working conditions (Wang and Dunston 2006). One simple version of an off-site
training system are on-line video sharing sites, which allow anyone connected to the
Internet to upload digital video recordings. This kind of a system supports efficient
dissemination of project-related videos and virtual visits to sites (Kumaraswamy 2004),
best practices, and technical operations on site, e.g. exceptional installations.

2.3 Construction Project Management

The construction industry is a project-based industry where the delivered product changes
from project to project under the influence of many different factors. This chapter presents
the parties and typical phases of a construction project.

2.3.1 Partiesinvolved in a construction project

According to a guidebook called “Production Planning and Management on a Construction
Project” (Koski 1995), the main parties involved in a construction project include the user,

the employer, the designer, the builder and the authorities.

User means the user of the constructed building, for example, the users of a hospital
may be doctors, nurses, patients and cleaners.
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Employer is the party who owns the construction project. Project Manager is a member
of the employer party.

Designer party can include the architect, structural engineer, electrical engineer, and the
HVAC designer. Their role in the construction project is to draw the plan for the

construction.

Builders (contractors) are those who are in charge of the construction of a building.
Normally, there is one main contractor who is responsible for the whole construction
project and controls the sub-contractors share of the work, such as heating and
ventilation systems.

Authorities are usually officials who work in municipal or city administration. Their
role in a construction project includes land allocation, construction permissions and

construction control.

2.3.2 Phasesof a construction project

The stages of construction development presented here may not be strictly sequential.
Some of these stages require iteration, and others may be carried out in parallel or
overlapping time frames, depending on the nature, size and urgency of the project.

Project Definition: A phase where users raise the need for a construction project,
alternatives aimed to satisfy their needs are discussed, and issues discussed include the
project background, size and the location of the project, as well as estimation of time

and costs.

Project Planning: Compared to project definition, project planning involves a more
detailed specification of needs. Objectives, schedule, space, location and cost of a
construction project are the details that need to be identified in this phase. The project
planning phases are: Project Organisation, Site Specification, Plans on Project
Economics, Timing, Collecting Design Information, Preliminary Construction Design,

and Specification of Building Plan.

Congtruction Design: Architectural design starts the construction design of a building.
After that and during this same phase all other designers start their work. The purpose

isto provide plans for later phases in order to continue with the plans. The construction
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design phases are: Organisation and Management of the Design, Proposals, Sketches,
Magter Plan, Preliminary Check, Contract Programme, Planning of Use, Tender
Invitation, Working Drawings, Production Planning in Tender Phase, Tenders, and
Building Permit Process.

Construction: After all the design work is done, the contractors are selected and
activities, such as production planning, construction work, controlling, testing,
approving, and handing over, start. The construction phases are: Contract Signing,
Working and Ingtallation Drawings, Production Planning and Management, Control by
Employers and Authorities, Construction, Test Run, Acceptance, Final Approval, Hand
Over, and Final Inspection.

Occupation: As the building is ready to move in to, maintenance and servicing should
be provided at this stage. Instruction manual about operations and services should be
provided by the constructor and the designers. The occupation phases are: Organising
Moving-in, Operation and Service Instruction (the maintenance manual), Work Under
Warranty, Operations, Maintenance, and Disposal of Facility.

2.3.3 Successof construction project

According to Salminen (2005), each project participant has a different view about success,
which may involve technical, financial, educational, social, and professional aspects. He
(2005) states, however, that few objectives are shared by all participants. Everyone expects
financial profit and wants projects to be completed on schedule (Salminen 2005). The
absence of any legal claims or proceedings is aso an outcome desired by all. Although
many success criteria from general projects apply to construction projects, the latter also
have characteristics that differ from those of, for example, development, software, or
marketing projects. Construction projects are primary production-oriented activities that
exist for predetermined, short-term purposes, but on company level they fall under
continuous project business. Even if the evaluation of project success depends on different
viewpoints and expectations, many authors propose one or more general criteria for
construction project success. Salminen (2005) collected construction project success
elements from several sources (e.g. Ashley et al. 1987, de Wit 1998), and came up with the
following list: (i) keeping to budget and profitability, (ii) schedule adherence, (iii)
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quality/technical specifications/low number of defects, (iv) product functionality, (v) client
satisfaction with the product and service, (vi) cost and time predictability/minimisation of
client surprise, (vii) contractor/project manager/team satisfaction, (viii) environmental
sustainability, (ix) safe performance/low accident rates. (Salminen 2005.)

2.3.4 Project success model used in this study

The scope of this study covers construction pre-design and design operations as well as site
operations, which are related to design issues, and the information flows relating to these
phases, an area somewhat more limited than the whole project. However, the success of the
design issues and information flow should correlate with the whole project’s success, and
thus the success elements of information flow are relevant for the construction site also.

2.4 Consruction ICT

Information technology has become a major research topic in the construction industry for
the last 20 to 30 years. The International Council for Research and I nnovation in Building
and Construction (CIB) formed the W78 Working Commission that focuses on IT in
Congtruction. The three main themes covered in W78 conferences have been: computer-
integrated construction, |T-supported process improvement, and decison support
knowledge-based systems as well as artificial intelligence. The second group involved with
building and information in the CIB is the W102 Working Commission, which focuses on
the management of the whole spectrum of information in away that reflects the realities of
decision-making in modern building practise. The objective is to cover concerns that are
related to information and knowledge management, both theoretical and practical. In
Finland, there is a national-level strategy to improve knowledge management in
construction by using new ICTs and by improving human collaboration (Visio 2010).

Sarshar et al. (2000) conducted a literature review supplemented by academic and industry
workshops. This resulted in the formulation of seven themes that describe their vision for
construction I'T during 2005-2010:

Model-driven (as opposed to document-driven) project information management
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Life-cycle thinking and seamless transition of information and processes between the
phases of the building life cycle

Use of past project knowledge (or information) in new developments
Dramatic changes in procurement philosophies, as a result of the Internet

I mproved communications through visualisation during al life cycle phases
Increased opportunities for smulation and what-if analysis

Increased capabilities for change management and process improvement

This section includes potential technologies that could support managing knowledge and
facilitating organisational learning in the construction industry. The application of
information and communications technology (ICT) in the architecture, engineering and
construction (AEC) sector has evolved over several years. Organisations continue to invest
in ICT in their bid to harness technology and streamline business processes. However,
construction organisations continue to experience perennial problems that militate against
successful implementation of IT projects. This results from cultural, organisational and
other operational constraints. (Ugwu and Kumaraswamy 2006.)

24.1 ICT in Design Management

There has been alot of effort to describe and explain the design process and the generation
of design solutions since the early 1960s (Lundequist 1992). The CAD systems have
definitely brought benefits, such as the possibility to produce a huge amount of drawingsin
a limited amount of time, and the possibility to create highly realistic and professional
representations of the design solution (Moum 2006). Another research direction is the
development of virtual reality (VR), which is based on geometrical and graphical
representation. VR offers the possibility to navigate within and see the objects and their
relation to each other in a 3D space. The possibility to create a redlistic imitation of a real-
world environment, combined with the spatial experience dimension, can become a

powerful future design tool (Wikforss 2003).
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2.4.2 |CT and Communication

According to Moum (2006), failure in communication can cause conflicts and
misunderstandings, and have a negative influence on a building project. The sending and
receiving of a message (e.g. design solution) depends on the competence, knowledge and
previous experiences of the participants in the communication process. If the client does
not know the symbolic meaning, or the level of abstraction used, he will not understand
what the architect tries to communicate, which can lead to misunderstandings and
conflicts. The architect may assume that the client knows which level of totality an
abstraction represents, for example the plan drawing door symbol, but a problematic case
of information loss could arise if the client does not know that the two lines on the paper
actualy symbolise a door. The realism of visual 3D views may reduce the communication
problems between architect and client. (Moum 2006.)

2.4.3 |ICT and Collaboration

The importance of collaboration is growing, as globalisation and increasingly complex
techniques and products require more teamwork, and the complexity of problems becomes
unmanageable for one individual (Moum 2006). Network technologies, such as e-mail and
Internet, have contributed to the most radical changes within the average working day of
the building process participants, for instance there may arise a need to support processes
that are independent of geographical and organisational borders. (Moum 2006.)

2.4.4 |CT and Information access

The network technologies enable easy and fast access to information. This has been a huge
benefit in building projects and has, according to Schwagerl (2004), contributed more to
the acceleration of the design processes than the CAD tools. I nternet-based technologies
have been an important support for handling the huge amount of documents and drawings
within a building project. The pool of material is accessible to project participants,
anytime. This is different from the traditional and passive way of 'getting-the-plan-with-
mail’; the push for information has developed into pull of information.
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Figure 2: 3D-visualisation and BIM bring about better understanding from the future building (Visio 2010).

2.45 3D Product Models

Another influential trend within ICT is the development of standardised communication
formats between different programs and systems to ensure their interoperability. An
example of such a standard is the Industry Foundation Classes (IFC) (Kiviniemi 2004).
The 3D product models for construction or building information models (BIM) are based
on the definition of objects that contain intelligent information. From the model it is easy
to generate 'traditional’ drawings, and when using a model it is possible to control the
density of information (Kiviniemi 2004).

2.4.6 Critical SuccessFactorsin ICT usage

Ugwu and Kumaraswamy (2007) state some fundamental critical success factors (CSF)
that would act as enablers for successful implementation of ICT projects in construction.
The top CSFs identified are (Ugwu and Kumaraswamy 2007): (i) cost of development, (ii)
top management support, (iii) availability of appropriate hardware and software (e.g.

bespoke off-the-shelf solutions), (iv) ease of use of IT systems, (v) development of team
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knowledge and understanding of construction business processes, (vi) clear definition and
understanding of end-user requirements (i.e. need for end-user driven IT solutions and
applications development), (vii) clear communication of IT objectives to management,
(viii) standardisation issues (to enhance interoperability of dispersed systems and
platforms), and (ix) change management at organisational level (especially for large
organisations).

Other barriersto the application of ICT in the construction industry can be discussed under
the following headings. security, safety, user acceptance, level of investment in IT
infrastructure, and the development of distributed computing architectures and frameworks
that are suitable for particular construction problems (Ugwu and Kumaraswamy 2007).

Security: There are a number of security concerns in deploying ICT systems, such as junk
or spam e-mail, spy ware, phishing etc. The second security consideration relates to
organisational information safety, since an unauthorised software agent can modify or
delete data from a system leading to very significant impacts on an organisation’s business
processes. (Ugwu and Kumaraswamy 2006.)

User acceptance: The construction industry is still generally slow in its uptake of new
technologies. There is a need for end-user-driven system development to ensure that user
requirements are correctly captured. User needs may have to to be clarified after they are
presented with various options, possibly with unbiased guidelines to help them towards
realistic choices. (Ugwu and Kumaraswamy 2006.)
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3 Theoretical background and objectives of the study

The main goals, approach, and methodology of this study are presented in this chapter.
3.1 Framework of the Study

| participated in a project called Prolab as a researcher of computer science. The Prolab
project was carried out in the years 2003 to 2005 in Vaasa University, Finland. There were
two full-time and nine part-time researchers working in the Prolab project, studying e.g.
the learning and knowledge management in inter-organisational construction projects (a
doctora thesis completed), network issues and project success (a licentiate thesis and a
doctoral thesis completed), communication issues in a project (a master's thesis
completed), and participation in the projects (a master’s thesis completed). So there are
several different viewpoints to the case projects. Altogether more than ten different
construction projects were studied. Five of these case projects are analysed in this thesis.

The aim of the Prolab project is to develop an operational model that will improve the
quality of operations and end results in construction projects by elaborating knowledge
management, decision making and team work. The project seeks to find solutions on how
information can be used effectively in construction project management and what kind of
procedures help the management of knowledge. The project team concentrated on public
construction projects and explored the proposed solutions, which were believed to help

improve the process of a construction project.

This study deals with the issues and problems of knowledge management in construction
projects. The focus is in construction ICT and solutions that have emerged in this field.
There are five published articles that relate to these themes. The first three articles
concentrate on knowledge management and ICT support, their possibilities and obstacles.
The fourth article introduced the issue of learning in a construction project. The need of
learning seemed obvious and seemed to relate to most problems in construction projects.
The fourth article also discusses e-learning issues to some extent. In the fifth article, the

prime thing is connecting the e-learning platform to the web services for a project.



3.2 Research Questions

A practical reason for this research was my ambition to find the bottlenecks and problems

that occur in construction projects. In addition, | wanted to learn what possibilities there

are to solve these main problems by means of construction ICT and how to minimise the
obstacles that | would find in the utilisation of ICT. On the grounds of this knowledge, it

will be possible to develop processes and tools to better rise to the challenges of the

industry. Every article included in this study focuses on a viewpoint of its own and

involves different research questions, but in general, the questions can be summed up to

the following objectives:

What kind of problems related to information flow in a construction project do the
project stakeholders highlight?

What kind of solutions is being suggested?

How could ICT be used to foster collective knowledge building and learning in
construction projects?

How could ICT tools be developed based on such understanding?

What are the obstacles to efficiently administrating information and how can these

obstacles be removed?
Table 1. Viewpaints of the articles.
Article Viewpoint
1. Article: Knowledge management tools — Classification
possibilities and obstacles Possibilities
Obstacles
2. Article: Information System (IS) tools for Needed knowledge
knowledge management in public construction | Wanted knowledge
projects Offered knowledge
Challenges
3. Article: The possihilities and limitations of CAD-design
ICT’sin public construction projects Product model
Motivesto utilise ICT
4. Article Learning support of ICT’sin Learning and knowl edge management
construction projects Learning needs
Learning means utilising ICT
5. Article: Developing project management Web-based project management system
system to support active learning and E-learning possibilities
communication in a construction project
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3.3 Viewpointsof Articles

All the articles provide information, understanding and methods related to the
improvement of construction projects. This information can be used to develop information
systems. New rules and ways of working are being created to solve the problems of the
industry. The purpose of this study is to examine how ICT can be used to support
managing knowledge and facilitating organisational learning in the construction industry
and what are the possibilities and limitations of knowledge management tools. Every
article represents the same goals but each of them emphasises a different viewpoint of the

same problem (Table 1).
3.4 CaseDescriptions

The research is based on five case studies in public construction projects in Finland in two
different towns. The number of inhabitants in these towns varies between 23,000 and

57,000. The five construction projects were:
Case 1: Hospital for senior citizens: the renovation of its nursing home; total area 7,000
m? and budget 5.7 million euros. Project started in 1996 and ended in 2005.

Case 2: Renovation and partly new construction of a school that had mould problems;
total area 3,000 m? and budget 2.7 million euros. Project started in 1998 and ended in
2005.

Case 3: Renovation of a school that had mould problems; total area 7,000 m? and
budget of 4 million euros. Project started in 1997 and ended in 2002.

Case 4: University project, 24,000 n?. Alteration of an old factory into a university
building and partly new construction. The project started in 1997 and ended in 2004.

Case 5: Renovation and partly new construction of a nursing home, total area 3,500 m?.
Construction stage started March 2003 and ended February 2004.

3.5 Interviews

The empirical part for this study comes from the Prolab project interviews of construction

project stakeholders in Finland. The total number of Prolab project interviews is over one
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hundred and the interviews were had during the years 20032005 on demanding public
construction projects. For the five articles that support this thesis, | analysed 60 interviews
(Table 2) from five case projects in two middle-sized towns in Finland and one town in
Sweden. The interviews that have been analysed were conducted by five project
researchers. Fifty-four (54) of the interviews were had in Finland about five different
projects. The informants were project stakeholders; end-users of the buildings, such as
nurses and teachers; architects and special designers, project managers and contractors. In
addition, there were 6 interviews in Sweden where the informants were architects and

project managers.

In my analysis, | used the material and transcriptions of the project researchers. The
interviews and transcriptions had already been prepared before | participated in the Prolab
project. Appropriate timing was my motive to select these interviews in particular to my
analysis. These interviews were ready when | came to the Prolab project, and any later
interviews have not been taken into the analysis.

The interview methods varied according to the interviewer; the most popular method was
theme interview. In a theme interview the informants can express their opinions freely and
come up with issues that the interviewer would not have understood to ask in a more
formal interview. The second interview method, which is called 'Put your cards on the
table', poses questions in the form of predefined words. Each word is written on a card and
each card is then one by one given to the interviewee, who is free to express their thoughts
and give a personal answer. All the interviews were taped and transcribed word by word.
The interviews that have been analysed were conducted by five interviewers whose
backgrounds differ quite a bit. One of the interviewers had a construction degree and was
specialised in construction ICT, one interviewer was a student in construction, and the
others were researchers of different fields that had no experience in construction or ICT.

The same themes were discussed in all of the interviews.
The discussed themes were

differentiation of project phases
role of parties in each phase

successes and failures experienced during the project
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challenges; especially knowledge management in the project
arrangements of co-operation
co-operation tools used

important persons in the project (in order to know who should be interviewed)
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Table 2: Theinterviews and informants.

Interviewer

Method

Number of
interviews

I nformants

Researcher A

Theme

13

1 project manager / architect
1 structural designer

1 electric designer

1 HVAC designer

1 automation designer
1interior designer

1 electric surveyor

1 HVAC surveyor

1 facility manager

1 director of social service
3 nurses

Cae1l

Researcher B

Card

1 architect
2 end-users

Caxe?

Researcher B

Card

1 project manager
2 architects
1 end-user

Cax 3

Researcher A

Theme

1 schooal principa

1 assistant city manager

1 architect

1 head of the construction
department

1 head of the nursery

Cax 3

Researcher D

Theme

1 head of the construction
department
1 site manager

Cax 3

Researcher E

Theme

1 schoal principal

1 building permit authority

1 project manager (contractor)

1 head of the employer department
1 caretaker

1 head of the design department

1 teacher

Cax 3

Researcher B

Card

1 end-user
1 architect
1 project manager

Cax 4

Researcher C

Theme

10

4 site managers

2 supervisors

1 procurement manager
1 quantity surveyor

1 surveyor

1 carpenter

Caxz 4

Researcher F

Theme

7 site managers

Caseb

Researcher B

Card

3 architects
3 project managers

CaseX

All together

60
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3.6 Research Strategy and M ethods

My research method for this study is qualitative look into the issues of knowledge
management and learning among construction team members. The methodological choices
emerged when | joined the Prolab project. | got extensive material (60 interviews and
transcriptions) about the current situation in construction projects to use. The Prolab
project seeks to find solutions for how information can effectively be used in construction
project management and what kind of procedures help the management of knowledge. My
approach was to seek ICT solutions to the problems of information flow in construction

projects. | pointed out that technology is an instrument but not the main goal per se.

Creswell (1998) defines qualitative research as an inquiry process of understanding based
on distinct methodological traditions of inquiry that explore a social or human problem. He
further characterises qualitative research as “interpretative, naturalistic approach”, based
on multiple sources of information and narrative approach, being emergent rather than
tightly pre-figured, fundamentally interpretative and viewing social phenomena
holistically, and acknowledging biases, values and interests.

The Prolab project explored several case projects in the construction industry. Cunningham
(1997) says that the case method is suitable to many tasks of empirical research. He
recognised nine different case methods, which he classified into three main groups:
intensive, comparative and action research. | situate my research into the intensive group.
The assumption behind the intensive case method is freedom to compare observations to
current theories, which demands that the researcher has experience on and is familiar with
the culture and organisations. Cunningham later presents four intensive case methods,
which strive at profound understanding of individual, group or organisation. The result
might be a description of unique experiences which could become the basis to a new
theory. In this case the researcher is not able to control the arrangements of the research,
and thus she or he has to use the evidence from different viewpoints and time perspectives
(Cunningham 1997). In the intensive method Cunningham includes narratives, tables, and
explorative and interpretative methods. The narratives are summations from interviews or
single documents. The descriptions are divided into general categories according to

preparative classification of the material. Tables method is similar to grounded theory,
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where researcher creates categories and calculates the density of their occurrence. The
explanatory case method makes conclusions and deductions as journalists do. A journalist
can create a story where she or he describes one viewpoint and provides details based on
reasons and concepts which she or he has used in the processing. The interpretative case
method is more provocative and less exact when describing new ideas and approaches.
(Cunningham 1997.)

My approach to the Prolab interview material resembles Cunningham’s intensive case
method. The culture and context of construction industry are familiar to me because of my
work experience in the construction industry. | used the explanatory and interpretative case
methods for scanning the interviews. However, there is criticism about the use of case
study inquiries as a research strategy. An inquiry for a case study lacks rigour, hence
allowing equivocal evidence or biased views; lacks or has little ability of generalising
findings,; and takes a long time (Yin 1994). Regarding the critique on generalisation, case
studies as well as experiments are generalisable to theoretical proposition and not to
populations or universes. Yin explains both case studies and experiments in this sense as
not representing a 'representative sample’ and is of the opinion that the investigator'sroleis
to make an analytical generalisation and not to make a statistical generalisation by, e.g.,
enumerating frequencies (Yin 1994).

3.7 Research Process and Approach

My research consists of five published research articles. The articles were written during
the Prolab project. | participated in the Prolab project mainly as part-time researcher. All
the articles were written by the researcher group that participated in the Prolab project. My

role in the articles was the following:

#1 Article

The first article is ajoint article with three other researchers. We explored the knowledge
management tools that were used in case projects and the possibilities and obstacles to use
these tools. My role was to concentrate on the classification and possibilities of
technological tools. All of the tools, such as the project management plan, were not

technical.
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#2 Article

The second article was written together with another researcher whose role was advisory
and consultative. The second article partially consists of similar components as the first
one but its viewpoint is on the information that is needed and wanted by and offered for the
project stakeholders in different phases of a construction project. | have deepened these
viewpoints for this summary based on my experience of the current situation.

#3 Article

The third article was written for the Prolab project publication. My role in the writing of
this article was describing the possibilities of CAD design and product modelling, whereas
my colleague was dedicated to describing the motives to utilise ICT.

#4 Article

In the fourth article, the learning viewpoint was explained by my colleague and |
completed with the article by describing e-learning and the e-learning platform.

#5 Article

In the fifth article, we discuss web-based project management system, which serves as a
good environment for e-learning. Project-web development by means of requirements
engineering was a common interest to both of us.

3.8 Scope and limitations of thisresearch

The scope of this research is between computer science and knowledge management, and
its viewpoint on learning relates to the e-learning possibilities. The subject was limited to
public construction projects. The results may differ significantly depending of the type of
the project, for example compared to independent or private construction projects. The
projects took place in medium-sized Finnish towns in rural areas of the country. Finland is
considered as a forerunner in the development of construction ICT, and several innovative
and development-oriented projects have taken place in the biggest citiesin Finland, so it is
obvious that the know-how has mostly concentrated to the capital area. The public
construction projects explored in this research were all placed in the countryside, and thus

the found problems may differ from those in the cutting edge of the profession. In this
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research, | concentrated on the problems of public construction projects situated in the

Finnish countryside.

The focus of this research is on information flows and the improvement of knowledge
sharing and transfer in construction projects. Other project management issues, such as

scheduling, cost management and safety at work, have been delimited from this research.
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4 Summary of articles

The five articles that support this thesis have been published in construction ICT and
knowledge management conferences during the years 2005-2007. All of the articles
address issues related to construction projects and knowledge management problems in
them. The intent behind the articles was to find ways in which ICT support could help in
the information flow problems of construction projects. The full texts of the articles can be
found at the end of this thesis, but short summaries have been included here for casual
readers.

The main goal of the articles is to explore the problems in construction projects and to
elicitate the project stakeholders' opinions by means of theme interviews. In order to
improve the quality of the project industry we should focus on information and the way it
is handled in routine and non-routine situations. Different solutions have been presented in
ICT and KM literature. Literature of construction project management, learning in projects,
e-learning, and best practices in other industries, has given new ideas to apply into
construction projects as well. The empirical base to the articles was taken from the Prolab

project interviews.
4.1 1st Articles Knowledge M anagement Tools— Possibilities and Obstacles

The first article explored knowledge management tools and their possibilities,
classification and how the obstacles for efficient ways for administrating information can
be removed.

4.1.1 Classification

The classification of the knowledge management tools according to Laudon & Laudon
(1998) is; knowledge creating tools, knowledge processing tools, knowledge sharing tools
and knowledge codifying tools. Knowledge creating tools support the activities of highly
skilled knowledge workers as they create new knowledge (CAD, anadysis sysems,
estimating systems etc.). Knowledge processing tools help disseminate and co-ordinate the
flow of information. These are used routinely within construction organisations (word
processing, spreadsheets etc.). Knowledge sharing tools support the sharing of knowledge



among people working in groups (intranets, video-conferencing, document management
systems, bulletin boards, e-mail systems). Knowledge codifying systems are statistically
oriented tools that excel at using data to classify cases into one category or another. They
include artificial intelligence tools as well as conventional statistical analysis to advance
the data interpretation and decision making based on the knowledge generated (expert
systems, neural nets, fuzzy logic, genetic algorithms, intelligent agents).

4.1.2 Posshilities

The possihilities of KM tools were found presuming that I T infrastructure should be part of
an integral multi-faceted KM strategy which is tailored to suit the needs of the
organisation. It is recognised that good knowledge management does not result from the
implementation of the information systems alone (Grudin 1995, Davenport 1997, Stewart
1997).

Kuhne and Leistner (2002) conclude that there is a substantial potential for optimising
management processes in the construction industry when using a product model for a
centralised data exchange. At the time the technical-constructive planning is based on
alphanumeric data, it is an abstract nature and possesses no direct graphical representation.
The geometrical and spatial representation is becoming more and more significant for
humans for trying to understand and control large projects with complex structures. The
various potential have been arranged into three areas. collaboration, data processing and
controlling. Collaboration: The use of a product model defines acommon project language
and gives a basis for well working communication between project participants and quick
availability of data. Data processing: The product model can be used in productivity
calculations; heat flows, bearing capacities etc. which can have substantial influences on
decision making. Project controlling: The possibilities are in overviews of the total project
from a cost and time viewpoint; project-wide usage of product model data simplifies the
tasks of the project controller.

4.1.3 Obstacles

The obstacles found were technical, human, economical, and informational. All of the
obstacles were present on every level; individual, organisational and network level.
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The obstacles can be divided into four main categories:

Technical: continual demand for upgrading hardware and software, a lack of
supporting infrastructure;

Human: lack of knowledge of possibilities and overabundance of information,
cynicism and defeatism, lack of project-centric or senior executive commitment,

cultural or internal resisance;

Economic: unclear strategic objectives, high investment costs, network effects,
investment costs justification, unclear benefits, time or resource constraints, uncertainty

or risk aversion; perceived no-win situations for an individual firm;

I nformation: poor knowledge resources; not enough information or knowledge about
things, how to accept a delivery electrically; increased importance of security issues

(computer viruses and other uncertainties).

4.1.4 Reaults

In our case projects, many ICT solutions were used, such as Computer Aided Design
(CAD) systems, cogt estimating systems and word processing systems, spreadsheets, and e-
mails. The main problem is that the solutions are not interoperable, and there is a need to
measure the quantities of materials, but information needs to be calculated and fed many
times. There are knowledge-processing tools in use but they are not as centralised or
intelligent as they could be. The information is kept separated in different computers, and
there might be duplicated information stored in many different places. The result is that
project participants may not use the latest document. The documents, plans and
information are mostly printed on paper and many phases are repeated again and again.
Due to these problems, it would be good to have a system that is able to share all the latest
documents between all parties involved and that links all the documents to a centralised
platform. Knowledge-sharing tools are mostly telephones, telefax copies and e-mail. The e-
mail serves as archival repository but some informants claimed overabundance of
information. Knowledge codifying tools serve the top-management level of firms and
affect high™-level strategies and decision making. We did not notice them in use in our case

projects because our interviews just concerned the project level.
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It is easy to find applications to different tasks but the lack of centralised KM strategy
brings about new problems. When we come to the realisation of a solution, we seem to be
fighting against industry culture. Construction industry is an old industry with very
established ways of doing things. New ways of organising work face resistance, people
very soon become cynical, and unintended consequences of technological failures prevent
success in the efforts for a change. Many times the interviewees talked about the obsolete
computers and the limits of their knowledge about ICT possibilities. At the same time, they
had doubts about the possible benefits of a system and were unwilling to start utilising the
new system especially if the last ICT project had for some reason failed.
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4.2 2nd Article: 1 Stools for Knowledge M anagement in public Construction
Projects

The second article focuses on knowledge management tools by exploring offered, needed
and wanted knowledge. The needed, wanted and offered knowledge varies from project
phase to another. In the table (Table 3), there isa collection of stakeholders' general needs
and wishes for different project phases. The project team should be able to know how the
project is organised, who knows what, and which information is needed from whom and
when; thus they need to know who is able to select knowledge, what knowledge should be
taken seriously, what knowledge is trustworthy, and what kind of extra knowledge is still
needed.

4.2.1 Needed knowledge

Usually, the users cannot clarify what are their needs; therefore, a knowledge management
system can help its users make decision on what are their needs and assist the users in what
should be done next as well as keep the user on track while the construction project is

running on.

Naaranoja et al. (2005) have studied how difficult it is to know what kind of knowledge
one needs in aproject and how people filter the information they do not want to learn. This
filtering may also include issues that they should learn. People do not utilise all of the
available knowledge resources. These resources might be people or tools that offer new
knowledge, e.g, on the state of the building they are renovating. The offered knowledge
may not be trustworthy, or one does not need the knowledge a the moment. Naaranoja et
al. also tried to find out the critical factors of knowledge resources and why they are
accessed, or even more importantly, why they might not be accessed, and how managers
can know what offered knowledge they should take seriously in the project environment.
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Table 3: Needed, wanted and offered knowledge.

NEEDED KNOWLEDGE WANTED KNOWLEDGE OFFERED
KNOWLEDGE
End-user design regulations visualisations drawings
basics of construction and mock ups technical
design comparison of alternatives documents
learning to define their ‘common language e.g.
future needs creating avision for the
how one should behave on project
awork sitein renovation project phase information
project
Architect end-users' needs end-users acceptance employers' list of
end-usa's’ functions current function in needed spaces
design schedules building which renovate regulations
basics of the building lessons learnt from the standards
which renovate similar projects and
vision templates from end- buildings
users best practices
learning to understand project phase information
other designers
requirements
Designer architect plans end-users acceptance regulations
(special) basics of the building lessons learnt from the standards
which renovate similar projects and
design schedules buildings
learning to understand best practices
other designers project phase information
requirements
structural: discussion about
constructability
HVAC: learning from the
future functions of the
building
Contractor communication with drawings and documents poor designs—not
designers on time on time
to beinvolved in design better design quality changes of the
process constructability drawings at very
more developed document lessons learnt from the last moment
management similar projects and folders of paper
more controlled plans from buildings documents
the designers - best practices
end-user functionsin project phase information
building which renovate
Project plansto check information flows folders of paper
manager more developed document project phase information documents
management
owner acceptance
Owner information for facility usability folders of paper
management optimised life cycle documents
information models of the properties

buildings

building maintenance
documentsin digital form
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4.2.2 Wanted knowledge

People spend a lot of their time in searching for different types of information related to
their projects. In big construction projects there are thousands of drawings and other
documents and their management is difficult without any computer-based information

Sources.

4.2.3 Offered knowledge

There is a lot data and digital documents on hand but most of them are in a wrong format
and nobody is able to put them into use. The datais usually not managed while it is created
but instead it is captured and archived at the end of the construction stage.

4.2.4 Challenges:

Love et a. (2004) classify construction rework challenges as follows: design changes,
construction changes, client, design team, site management, subcontractor, project scope,
contract documentation, project communication, procurement strategy and design
management. We used Love’s (2004) classification in our findings in the case projects:

Design changes: The lack of cross-checking of the plans incurs the need for design

changes.

Construction changes. Constructability problems occur because the contractor may
not take part in the design phase and co-operation between designers and contractors

does not work.

Client: The needs of end-users (client) change all the time because they are not able to
define what they want and communication with the designers fails.

Design team: Price competition in the selection of designer brings about problems that
have to do with design quality, tight schedules, communication, and insufficient
negotiation between members of the design team.

Site management: Team work may fail because of lack of management,
communication problems with designers, poor design quality, delay of drawings to the

site, and constructability problems.
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Sub contractor: There is lack of co-operation between the main contractor and
designers and information does not flow as it should.

Procurement and contracting strategy: The best design group has worked together
before. Maybe it would be best to make a design agreement with the group of designers
and not with every designer separately.

Design management: There is a lack of schedules and special designers have to wait
for the main designs for too long. Design quality is not good enough and alot of details
are missing at the start of construction.

4.25 Realts

It is difficult to know what kind of knowledge one needs in a project and how people find
it and filter the information they do not want to learn. This filtering may also include issues
that they should learn. People do not utilise or are not able to utilise all the available
knowledge resources.

Quite many of the problems in our case studies concern the design phase. In addition,
ineffective use of information technology, specifically the lack of interoperability, can lead
to inappropriate and non-timely information transfer between design team members. When
information technology is used effectively by the design team members, it can improve
information flow and communication, decision-making, and design coordination, and it

can be used to monitor changes in projects.
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4.3 3rd Article The Posshilitiesand Limitations of ICTsin Public Construction

Projects

(Instructions for the success of a public construction project) that has been published in the
Vaasa University’ s Publication Series in 2006. It is a summary of two earlier articles, and
the viewpoint to the subject matter is quite practical. The target groups for the book are
project managers, project personnel, and those who make the decisions in public
construction projects, such as officers and other employees that represent city or municipal
administration.

4.3.1 Computer Aided Design (CAD)

Construction industry is an old-fashioned industry based on traditions and many new
developments face resistance. But it is obvious that even construction industry accepts the
renewals if the benefits are clear enough. CAD applications are little by little taken into
use, but the most intelligent IT solutions and tools developed by research and development
initiatives still remain unused. CAD applications have evolved since 1990s when the first
solutions appeared on the market. There are ill several designers using the first
technologies of CAD applications which produce lines and 2D drawings. The different
methods of CAD design are presented in Table 4.

4.3.2 Product Model

The main achievements of this article that relate to the possibilities of ICT are the found
benefits in the use of product models (later Building Information Model, BIM). Like
Kuhne and Leistner (2002) state, there is substantial potential for optimising management
processes in the construction industry when using a product model. According to Kuhne
and Leistner (2002), the technical-constructive planning forms the basis for many
processes in the context of execution of construction projects. This kind of planning
includes data regarding geometry, location, and the quality of building parts. This data is
used not only for fabrication but also for the planning and management processes, such as
cost estimation, scheduling, invitation to bid, and billing. In this context, the construction

plans not only form the basis for ascertaining the quantities of materials, but they also
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points or lines, many tasks can be fundamentally better supported (Figure 3).

Table 4: Concepts related CAD-design.

Method Explanation Benefit
2D-CAD Computer aided drawing system that produces vector Easy and simple
components and two-dimensiona drawings. The method to produce
applications include building symbol libraries. building drawings.
3D-CAD Building e ements can beillustrated asreal three- The scenes, virtud
dimensional objects and not merely as lines and vectors. | visualisations and other
From the virtual building one can take out different real views can be taken
projections, plan drawings, cross-sections, facades, 3D- | from the model. The
visualisations and lists of objects. Every drawing does views are very
not have to be drawn separately because the needed illugtrative and visual
information comes directly from the 3D modd. and they show how the
future building will
look like.

4D-system Linking 3D plans and schedul es together in order to Helpsin logistic and

visualise the progress of the congtruction project. planning and
optimising the
installations on site.

Product model Product model/Building Information Model (BIM) isa | Project management
3D modéd of a building. The BIM includes more becomes more effective
intelligent properties more than traditional 3D model. when all the building
Every component (e.g. door, window, and dab) information is
includes information about its place, dimensions, integrated into the same
properties, installation date etc. system. Thisreduces
The product model helpsin managing the construction | double copies of
phases from pre-design to facility management. The information and
common data exchange format | FC ensures that the information stays up-to-
information can be transferred between the different date.

CAD applications of severa designers.

Process model Process model is a specification of processesin Process model
building design, construction and maintenance from the | contributes to the
information management point of view. design and management

of the building and
improves the continual
devel opment of the
process.

IFC and IAl IFC (Industry Foundation Classes) is an international Information formats are
standard for information exchange in construction and | combatible with each
facility management. Al (Internationa Alliance for other. This enables
Interoperability) is an open internationa consortium information exchange
that strives at devel oping and implementing I FC. between different

solutions.

Virtual reality A real sense of sight wherethe user feelsbeing Virtual reality enables

immersed in virtua reality. There the user isable to act
interactively and handle big and complex information.
The virtual reality works in computer display or in
special virtual reality laboratory by using data glasses
or datahelmet.

simulations and virtual
practicing.
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Figure 3: The difference between drawing and intelligent object (Karstila 2002).
4.3.3 Motivesto utilise ICT

There are many factors affecting ICT usage at individual, organisation and network level
(Figure 4). Every level hasthe same adoption barriers (Engsbo 2003): human, economical,
technical and informational. The construction projects realise at an organisation network
level but individual contribution isimportant as well.

4.3.4 Realts

We suggested developing face-to-face and computer-aided communication in construction
projects. Even if knowledge is mostly tacit and based on personal experiences, it can be
better transmitted if people constantly communicate and co-operate. The ICT possibilities
for communication are voluminous. The benefits of BIM are obvious. quantity surveying is
trustful and accurate when the quantities can be obtained directly from the model, the
design plans are more visual, the checking and control of plans is easier, and e
procurement, clash-detection, 4D design etc. are possible. The implementation of BIM is
going on. In autumn 2007, BIM technologies are a prerequisite in Finland for the
construction projects managed by Senate Properties (government-owned enterprise
managing company).



Factors affecting ICT usage

Individual level Organisational level Network level
Human Human Human
- motivation - leadership culture - opinion leaders
- resistance to change - public opinions - power structure
Economical Economical Economical
- chanceto learn at - financial standing - critical mass

work - project standing - client requirements
Technical - company size Technical
- the same - company strategy - standards

applicationsin use Technical - common solutions

at work and at home . solutions and Knowledge and
K nowledge and applications in use compentence equity
competence equity K nowledge and - spezialiced firmsin
- earlier experiences competence equity network

- personnel
competency

Figure 4: Factors affecting ICT usage.

The new technology brings about excellent opportunities but we have to remember that
competence in practical work, management and leadership are still the prerequisites of
success in construction. The usage of ICT does not guarantee the success in information
management but it gives good possibilities for information sharing and communication in a
construction process. The visualisations, simulations, and evaluations between different
aternatives, calculations, estimations, and others facilitate the involvement of different
parties to a construction project. The involvement of an end-user improves the quality of
the result; the building may be more serviceable and useful. At its best, information that
originates from the design phase of a construction project can serve the construction phase
and the whole life cycle of the building in an intelligent and useful format.
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4.4  4th Article Learning Support of ICTsin a Construction Project

The aim of this article is to sudy what kind of learning is required in public construction
projects and how |CTs (Information and Communication Technologies) currently and in an
ideal case could support learning. Actually, the design process of a new building is a
learning process where the parties learn from each other. For example, the architects learn
from the user representatives how the building shall be used, and the users learn from the
professionals of the construction industry how the building can support their operations.
The site personnel learn how the designers plan the building should be built. The site
personnel and the designers have realised the benefits of recognising the best practices and
lessons learnt of the previous projects. The teams could avoid continuously dealing with
similar problems by using knowledge from the past projects.

4.4.1 Learning and knowledge management

Haapalainen (2007) refers to Earl (1997) in suggesting the concept of knowledge
management: “knowledge management in an organization consists of at least four
components;, knowledge systems, networks, knowledge workers, and learning
organizations’ . Knowledge systems refer to databases and information systems that can
capture information and help decision making. Networks that can be local, corporate or
external are important for knowledge capture, knowledge building, and dissemination.
Knowledge workers are the core asset for an organisation, people with crucial skills for
knowledge processing. And finally, the organisation must be developed into a learning
organisation, because “knowledge is only maximized if the organization can learn”.
(Haapalainen 2007.)

4.4.2 Learning needs

The many problems in construction projects seemed to result from misunderstandings
when people from different backgrounds did not understand each other. Project
stakeholders have to learn about the others' viewpoints and opinions. Other learning needs
come from the learning of technical issues, learning of new regulations and standards, and

learning of project work in general etc.
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443 Learningissues

A central aspect of collaborative knowledge building is to create shared knowledge
objects, such as ideas, building designs of functional plans, and to engage an intensive
synchronous and asynchronous interaction among the participants for further developing
and building on them as well asto re-use the emerging knowledge later on for solving new
problems or reflecting on the process. The dissemination of information is very important
in a construction project. It is important to understand the importance of rewarding in the
time of delivery and the work overload of people. We should also pay attention to how

easy it isto deliver the relevant information to every party.

444 Learning meansutilisng ICT

Document management: In terms of knowledge management, the documents produced
by organisations represent their explicit documented knowledge. Common needs in
construction projects are related to identifying the latest version of the plans. Most
artefacts guiding a project and being developed during a project can be represented as
documents and enable the transfer of knowledge from experts to novices. It should also
be clear that it is not enough to ssimply create more and more data on computer systems.
This data needs to be accessed and evaluated, critiqued and used. Organisations are
identifiable by the way people develop their own skilful practices in sharing data and
information resources (Lindvall et al. 2002).

Organisational memory: According to Ozorhon et al. (2005), organisational memories
are used to improve strategic decisions and after the actions are taken, new experiences
are added to the organisational memory. Thisis acyclic process rather than a sequential
process as newly acquired knowledge from the given decisions should be used to revise
organisational memory. How this cycle operates in each company depends on company
characteristics and the height of organisational learning barriers.

Sharing knowledge: Dixon (1992) has considered distribution of information occurring
in what she termed “intentionally” and “unintentionally”. Distribution may occur
intentionally through individual written communication, such as the use of memos,
reports, letters or training; as well as through formal courses, on the job training,

internal conferences, seminars, briefing or internal publications. She cites that
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distribution of information may occur unintentionally through job rotation, task forces,
informal networks, stories and myths.

Collaboration services. According Lindval et al. (2002), delivering the right
information at the right time is one of the major objectives of knowledge management.
To achieve this, employees need to collaborate and communicate, especially when
people work in an environment that is distributed in time and space. A common
practice is to use a tool to share a document in real-time so that two or more
geographically distributed groups can see and hear the same presentation. In
construction projects the role of knowledge management and communication is
particularly important since the participants come from many companies and have quite
diverse backgrounds. The basic functionality of tools in this category is to connect
employees by providing a computer-based communication channel. This
communication can be synchronous or asynchronous. Collaboration in terms of
chatting or white-boarding using a chat tool or a messenger tool would be an example
of the synchronous communication and, e-mail, bulletin boards, and newsgroups would
be examples of the asynchronous communication. (Lindvall et al. 2002.)

Knowledge portals: Through portals, knowledge can be distributed to different users
and applications, such as e-learning, competence management, intellectual property
management, and customer relationship management. The ultimate portal provides an
environment to manage organisational knowledge — true data aggregation and
information integration coupled with knowledge worker collaboration (Roberts-Witt
1999). These information sources need to be integrated and accessed through a
common and personalised interface. Portals create a customised single gateway to a
wide and heterogeneous collection of data, information and knowledge (Lindvall et al.
2002).

E-learning: Knowledge management aims to help people acquire new knowledge, as
well as package and deliver existing knowledge through conscious learning. E-learning
includes computer-based and on-line training tools. E-learning systems often include
collaboration tools and support for different types of content, i.e., video, audio,
documents etc. Knowledge could be delivered through a variety of presentation devices

including web browsers, PDAs and cell phones. This enables the project person to
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receive the knowledge when it is needed, regardless of where they are and what they
are doing. E-learning will be delivered as small, focused learning objects to fit the
format of the presentation devices (Woelk & Agarwal 2002.)

445 Reaults

E-learning offers a lot of advantages for learning that are different from other ways of
learning. A wave of empirical research has revealed a long list of the promises and
reported benefits of computer networks for collaboration (Hakkarainen et al. 2001). One
self-evident benefit is that computer networks break down the time and space constraints.
In addition, the delay of asynchronous communication allows time for reflection in
interaction. Making thinking visible by writing should help learners to reflect on their own
and others ideas and share their expertise. Shared discourse spaces and distributed
interaction can offer many perspectives. Further, the database can function as a collective
memory for alearning community, storing the history of knowledge construction processes

for revisions and future use.

ICT is agood technical means when sharing knowledge in organisation, but without trust,
support of the top management, and active interaction between members even good
techniques are useless. ICT supports the production of high-quality artefacts. When these
artefacts are linked to the success of the project, the better-quality artefacts improve the
project success.
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45 5th Article Developing Project M anagement System to support Active

Learning and Communication in a Construction Project

In the fifth article the aim was to develop the current electronic document management
(EDM) systems to support communication and active learning in projects. It is impossible
for each participant of the project to know everything, thus, knowledge sharing has a great
importance in construction projects. It should be reassured that the right people know the
right things at the right time and that they are at least able to find the needed information.
In addition, this information should be up-to-date.

45.1 Communication

A design team’s communication environment is a holistic environment where the key
information carriers for the team members to communicate with are sketches, schemes,
images, drawings, and written descriptions together with explanatory stories. In the
external environment are the clients, contractors, end-users and other project participants.
It is of paramount importance that dl the information is coordinated and communicated
effectively.

45.2 Learningin projects

The learning of the construction project stakeholders can be supported, for example, by an
e-learning platform that aids studying and understanding the construction operation in
advance, before of during construction execution (Lin et al. 2005). Conditions change so
quickly that employers are hard pressed to keep up with the changing knowledge (Burnside
2001). On-line tools for learning can be roughly divided into tools for delivering learning
content and for tools for communication. Learning content is, of course, aways
communicative. In the digital on-line environment the learning content can be continuously
reviewed and improved. Wikipedia is probably the most well known example of this.
Saved on-line communication may also become learning material (PGldoja et al. 2006).

These kinds of Internet tools enable people to self-organise information or knowledge.

Off-dite training formats are low-cost aternatives for on-the-job training and give a novice
an opportunity to experience real working conditions (Wang and Dunston 2006). One
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simple version of an off-site training system is on-line video sharing sites, which allow
anyone connected to the internet to upload digital video recordings. This kind of system
supports efficient dissemination of project-related videos and virtual visits to sites
(Kumaraswamy 2004), best practices, and technical operations on site, e.g. exceptional
installations.

4.5.3 Project management system

There are several new technologies for the development of web-based project management
systems. Our project management system consists of persondisation and four main
components comprising active process support, teamwork, e-learning and document

management (Figure 5).

Personalisation
Customising Personal Inbox Scheduling Personal favorites
Search tools Personal directory R55 Hotlist
User Manager Replication History Action reports
: : Document
Active process support Teamwork E-learning
Management
Administrative information llet mesting VWikis Linked to BIM
SErver
Project management - costs and | Discussion groups Blogs Subscribe to
scheduling contents
Workflow E-mail Videos Versions control
Checklist Find experts Multimedia Access control
To-do list Message boards Document Append/ modify
annotation delete
Site diary Chat rooms Document sharing
LCustomers Meeating planner Office integration
Employees FAQs Content rating
bupliers - e-procurement COPs

Figure 5: The functions of project management system (modified from Chong et a. 2007).

45.4 Requirements engineering (RE)

The viewpoint of RE seemed to be important in order to develop the solutions in a
construction project. According to Arayici et al. (2006), the developments of IT systems
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for the construction supply chain have not reached their ultimate effectiveness. This is
mainly due to the lack of communication between the system developers and the
industrialists. Arayici et al. (2006) still claim that requirements engineering can be a major
factor in determining the success of an entire system development. People of the industry
have stressed that congtruction IT researchers should align with the practitioners when
developing and proposing IT solutions to the industry (Arayici 2006).

The user requirements are important because if a system does not satisfy its users
requirements, it is useless, and in the worst case, the systemis not taken into use at all. The
most successful systems exceed users expectations. One of the most difficult problems
with improving the use of IT in construction is overcoming the implementation problem,
which requires a strategy definition. One factor that needs to be considered is (Betts 1999)
that new innovative systems should be process-led not I T-led. However, many construction
IT-system developments have not been process-led. RE is a means of developing
implementation in a more process-led way.

455 Barrierstousing RE

Regardless of its several benefits, RE cannot be utilised automatically. Even if many
references prove RE to help in implementing more efficient and qualified applications, its
use is not self-evident. There may be something problematic in the syssem. Gabb (1999)
listed some excuses for not usng RE:

Customer is not interested in RE. He has once stated his needs and expects the
application to fulfil their needs and not to be asked unnecessary questions.

Customer does not know what he wants. Producer thinks that the customer does not
understand what is possible to execute and gives a completed application to the

customer.

Customer wants to fulfil even his unrealistic needs without bothering with the technical

and other limitations.

Customer only wants one certain application and does not want to co-operate with

others.
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Due to the lack of time and resources, the requirements definitions are insufficient but
there isafear that the project will be delayed or earlier mistakes will be revealed.

RE is too difficult for customer and it is too high-priced even to try to elicitate the

user’ s requirements.

Lack of experience in RE and prejudices towards it; “We don’t know where to start and

we are not convinced of its importance.”

No users yet. They do not believe that it is possible to dlicitate requirements for a new
application that has no users yet.

The requirements will change after a certain time anyway. Even though it is typical that
in the projects where RE is used the changes are smaller.

Agreements where the schedules and cost have already been defined. The changes are
often considered as dangers and not as a chance to acquire a better application.

456 Realts

In order to improve their process, construction organisations must integrate learning with
day-to-day work processes in such a way that they not only share knowledge but also
provide access to knowledge at any level, operating efficiently in response to their
changing environment. The most sophisticated systems do not guarantee the success of
their utilisation. In addition, there is a need for a knowledge manager maintaining the e-
learning environment and offering on-line courses and learning objects about project-
related things. The environment should be up-to-date and provide learning about new
technologies and devices and to respond to learning needs during a project. The
knowledge-portal systems that include BIM operations and perceive user and business
requirements are one way to innovative project management system. In literature we found
solutions to strengthen the commitment to use new applications by involving the usersin
requirements elicitation. Continual discussion between customer and the application

provider is necessary for the best results.
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5 Discussion and conclusions

Thisthesis consists of five published articles that are based on Prolab project interviewsin
five public construction projects in Finland, and in addition, on some interviews conducted
in Sweden. Included is also a literature review for each published article to explore the
issues which are essential in that article. Each article represents a viewpoint of its own
which is defined based on the literature (Table 5).

Table5: Viewpaints of the articles.

Article Viewpoint
1. Article Knowledge management tools — Classification
possibilities and obstacles Possibilities
Obstacles
2. Article: Information System (1S) tools for Needed knowledge
knowledge management in public construction Wanted knowledge
projects Offered knowledge
Challenges
3. Article: The possibilities and limitation of ICT’s CAD-design
in public construction projects Product model

Motivesto utilise ICT

4. Article Learning support of ICTsin construction | Learning and knowledge management
projects Learning needs

Learning means utilising ICT

5. Article: Developing project management system Web-based project management system
to support active learning and communicationina | E-learning possibilities
construction project

The objectives for the research were to find the bottlenecks and problems occurring in
construction projects as well as achieving a deegper understanding for the reasons behind
them. The ultimate goal was to study the current situation in construction industry and find
possibilities to solve the problems by means of ICTs. The main problems and challenges
are represented in this paper as well as in each article. The results and conclusions include

some possible solutions for the existing problems.
The research questions were:

What kind of problems related to information flow in a construction project do the
project stakeholders highlight?

What kind of solutions is being suggested?

How could ICT be used to foster collective knowledge building and learning in
construction projects?
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How could ICT tools be developed based on such understanding?

What are the obstacles to efficiently administrating information and how can these
obstacles be removed?

5.1 Discussion

5.1.1 Main contributions

In the first, second, and third articles the contribution is in ICT tools which could improve
knowledge sharing and knowledge management in construction project. The knowledge
processing tools are in use but not as centralized and intelligent as they could be. The
technical problems seemed be that the solutions are not interoperable, and there is a need to
measure the quantities of materials, calculate and feed all the information many times. The
information is separated in different computers and there might be duplicated information
stored in many different places. In addition, found problems related to inefficient
information flow, lack of communication and that the project participants are not ready to
utilize the modern technologies.

One solution is e.g. the use of the Building Information Model (BIM). BIM is a data rich
digital representation cataloguing the physical and functional characteristics of design and
construction. Its purpose is to make the design information explicit, so that the design
intent and program can be immediately understood and automatically evaluated. BIM-
based approach supports ‘on-demand’ generation of documents from the model, like
drawings, lists, tables and 3D renderings. These documents present views of the current
BIM.

In fourth and fifth articles the weight is in learning, e-learning and web-based project
management system. The main recommendations relate to the usage of this kind of
systems. In order to improve the process, construction organisations should integrate
learning within day to day work processes, in such a way that they not only share
knowledge but also provide access to knowledge and information at any level and operate
efficiently in response to their changing environment. The most sophisticated systems
don't guarantee the success of the utilization. In addition there is a need for knowledge

managers maintaining the e-learning environment and offering online courses and learning
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objects about project related things. The environment should be up-to-date and provide
learning for new technologies and devices and to respond for learning needs during project.

By utilizing web-based project management systems firms have ability to share
information, collaborate and transact across various technical platforms and information
systems. The system links all the documents to a centralized platform and is able to share
all the latest documents between all parties who involved. The role of the intranet varies
between the passive publishing of up to date company information among its employees to
dynamic exploitation of its capabilities to integrate with social networks (Ingirige and
Sexton 2006). Through its facilitatory role of locating, transferring and more efficiently
using information and expertise, intranets are positioned as effective and efficient tools in
organisational knowledge sharing and learning (Offsey 1997). But the investment alone
will not popularise intranet use in construction projects. The organisation strategy should
take into account an appropriate culture change to alter the mindset of the people that task
relevance of the intranet content is dependent on their usage and population (Ingirige and
Sexton 2006).

It is easy to find applications to different tasks but the lack of the centralized knowledge
management strategy brings about new problems. New ways of organizing the work are
resisted and the people very soon become cynical and unintended consequences of techno
change failure prevent the success of the new change efforts. Many times the interviewees
talked about the obsolete computers and the limits of their knowledge on ICT possibilities.
At the same time they had doubts on the possible benefits of a system and unwillingness to
start to utilise the new system especially if the last ICT project had failed for some reason.

5.1.2 Validity and reliability of the research

The problem of validity is different in qualitative research compared to quantitative
research. In fact, authors like Creswell (1998) would like to use the word 'verification'
instead of ‘'validation' in qualitative research. The term validity is deeply rooted in
guantitative research and it is questionable whether it can be applied to qualitative studies.
The aim of qualitative research isto understand, not to prove something. The credibility of
a study is important, and that is why terms like trustworthiness and authenticity should be
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applied (Creswell 1998). Yin (2003) suggests four commonly used tests: those of construct
validity, internal validity, external validity, and reliability.

Construct validity: Construct validity is a question about establishing the correct
operational measures for the concept being studied (Yin 2003). There are multiple sources
of evidence that have been used; material has been gathered from four different case
projects, and in addition, six interviews of project managers in Sweden have been
analysed. The problems related to information flow and communication in construction
projects seemed to be similar in each case project. In addition, the interviews were
conducted using three different methods but till the results are quite similar. | have tried to
establish a chain of evidence so that the reader could understand how the certain
conclusions have emerged (Yin 2003). The gathering of the material and an example of
analysis is described in this summary and in the three articles. In addition, there are many
citations from the interviews.

External validity

External validity means establishing the domain compared to which a study’s findings can
be generalised. Generalisation in qualitative studies does not rely on statistical methods but
on analytical issues. the researcher istrying to generalise a particular set of results to some
broader theory (Yin 2003). Even though the main objective of this research was not to
conclude generalised results, five different cases suggest that the findings from this
research may betrue also in other similar cases. Critics of case studiestypically state that a
few cases offer a poor basis for generalising (Yin 2003). However, case studies rely on
analytical generalisation while surveys rely on statistical generalisation. The idea of this
study was to generalise the common knowledge management problems in construction
projects and their possible solutions.

Reliability

The idea of the reliability test isto make sure that if another investigator studied the same
cases with the same methods and same procedures she would end up with the same
conclusions (Yin 2003). Eskola and Suoranta (1999) say that because of the amount of

interpretation in qualitative research, it may not be possible to ensure the reliability this

way, but that one can and should always try. The most important part of the material are
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the interviews. It would be impossible to repeat the interviews, because so much time has
passed. The second part on the study database is the report of the researcher (Yin 2003).
This thesis represents my report. It presents the background issues of the research,
theoretical part and conclusions. However, all the interviews are on tape and they have
been transcribed. Chapter 3 includes detailed descriptions of the field procedures and
interview questions. To maintain the anonymity of the informants, no names or actual
places are mentioned.

5.1.3 Conclusions

If we seek an answer to the question "To which challenges the ICTs do not offer solutions
for?" — First of all, face-to-face meetings are the best way to communicate. Secondly, an
information system can be a helping tool or medium but thinking must be done by humans.
Even projects utilising the most sophisticated information systems have succeeded or
failed based on human actions. However, the new medium can help in several areas of
communication, co-operation, information storage and rationalisation of the project work.

Grillitsch et al. (2006) gtate the importance of project experience. Construction company
jumps from project to project without questioning relevant criteria for success or failure of
specific project steps. If anything is questioned than just who are the ones responsible for
the failure: a play of accusing and justification instead of learning from failures and
improving systems, procedures or processes in the organisation, Learning from each other
and learning by doing as well as learning from experiences is very effective. In many cases
when problems have to be solved or “new avenues to fast track thinking and innovation”
have to be explored, bringing different people together helps.

According to Walsham and Barret (2005), new technologies offer new opportunities, but
whether they are taken up and used to change processes of knowing, depends on human
agency. E-mail does not deliver better lateral communication if the authority is not there to
legitimise this form interaction. Websites, for example, can be valuable ways of supporting
external interaction, but only if the power structures and related resources of the
organisation enable appropriate content to be created and updated. ICTs are important for
globally-dispersed organisations, but they are not solutions in themselves for inflexible

bureaucracies, inappropriate resource allocation, or poor attitudes towards knowledge
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sharing. ICTs can, however, be a crucial part of a balanced approach to change in all of
these areas (Walsham and Barret 2005).

Davenport and Prusak (1998):

“What is most important in a knowledge technology strategy is to get a few toes into
the water. You may not even know how willing people are to share knowledge
through systems until you buy a system and see how the organisation responds. It will
be difficult to determine which types of applications provide the best fit with an
organisation until you experiment. There is no right technology for knowiedge
management. We're all finding our way, and as long as technology isn’'t the only
aspect of your knowledge management effort, the most essential thing is just to get
started with something.”

5.1.4 Recommendationsfor further research

Future research can be suggested for further analysing the communication and learning
process during a construction project. Combining an e-learning application to the project
web and testing the introduced system is another interesting point for further research.
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ABSTRACT

This article discusses how a developer or a client organisation could utilize knowledge
management tools in construction projects. The article is based on the findings of the
PROLAB-project. The project seeks to find solutions for how the information can effectively
be used in project management, specially in construction projects, what kind of procedures
help the management of the knowledge and how the obstacles for efficient ways of
administrating the information can be removed. These obstacles can be either related to use of
new technology or to organization culture.

The viewpoint for the research is socially and physically distributed cognition. The paper is
based on theme interviews made in three public construction projects in Finland. The study
focuses on finding

the possibilities of knowledge management tools to solve the major problems of

knowledge management,

the major obstacles of utilizing such tools.
The paper contributes to a move towards a wider use of knowledge management tools in
order to provide suitable solutions to small and medium size enterprises in the construction
industry.

Keywords. Data, information, Knowledge, construction, information systems, utilization.

1. INTRODUCTION

The human brain is able to handle huge amounts of information. Therefore if only people
with the right education and right properties are selected for projects then they should, one
would expect, succeed. However, this is not the truth. Projects with top experts have failed.
Human thinking is very defective and deduction mistakes are common (Tversky and
Kahneman 1974). We have difficulties to deal with situation with multiple variables. Stress,
depression, and circumstances can affect our thinking (Kobasa et al. 1982). We may succeed
in agood day but there are not many of them. Researching individual cognition is not enough
if we want to develop project work.

But if we can’ t rely on an individal, surely we can trust a group of people, ateam? If awell-
trained team has enough time for problem solving, it would end up with a good solution,
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wouldn’ t it? Decision making related literature is, however, filled with opposite examples
(Parkin, 1996). Tension between team members may destroy the teamwork but also too much
consensus may be bad and lead to ” groupthink”-situations (Janis and Mann 1977, Fink et al.
1971). Thinking of a team is as problematic as the thinking of an individual: we don’ t
examine all the possibilities but take the first solution not asking enough questions first
(Busby 1999).

Naaranoja (et a 2004) described that the main knowledge management challenges in
construction projects concern trust, cultural differences and decision making(Figure 1). That
paper also presented some ideas how to manage the knowledge better: making it visible who
makes the decisions; familiarizing the project members with each other; awareness of the
importance of trust and consciously improve the trust between the parties;, and the
improvement of the shared understanding of the goal of the project. In this paper we further
develop the solutions by discussing to which degree the Information technology or project
planning methods are solutions for these challenges and what kind of obstacles there exist in
the utilization of these methods.

Trust

Protracted decision making

Perceptions, stereotypes

The personality differencesin the group
0 Misunderstanding

[elNeolNe]

Culture and language

0 Misunderstanding
0 Professional jargon
o Cultural differences

Decision making

L eadership skills are not good enough
Own position is seen more important
Actions are not even

Changing needs

Not clear responsibilities
Complicated matrix organisations
Lack of co-ordination

Poor estimating and control of design
Knowledge based errors

O O0OO0OO0OO0OO0O0OO0OOo

Figure 1. Main challenges of Knowledge management in construction (Naaranoja et al 2004)

2. DATA, INFORMATION, KNOWLEDGE, AND KNOWLDEGE
MANAGEMENT(KM)

If we want to improve the quality of the project industry, we should focus on information and
the way it is handled in routine and non-routine situations. There are many different
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approaches to the concept of information. “ Data’ and “ information” aretesf used as
synonyms of “ knowledge’ . However, these words have different meanings (Cong & Pandya
2003, Nonaka & Takeuchi 1995). Data are raw facts. To become information data has to be
processed. Decisions can only be made based on information. Knowledge, on the other hand,
is meaningful information. Knowledge is derived from information. It depends on
interpretation whether we are talking about data, information, or knowledge. What makes
difference between data and information is their organisation and what makes difference
between information and knowledge is their interpretation (Bhatt 2001). Knowledge is
understanding one gains through experience, reasoning, intuition, and learning. We expand
our knowledge when others share their knowledge. New knowledge is born when we combine
our knowledge with the knowledge of others. Wisdom and insight can be included to the
definition of knowledge. Wisdom is the utilization of accumulated knowledge. (Cong &
Pandya 2003)

Our culturally adapted life is based on shared meanings and shared modes for negotiating
differences in meaning and interpretations (Bruner 1990). Bruner describes how this
negotiation takes place by means of narratives. Narratives are not needed if things proceed in
ordinary fashion. We have theories of mind called “ folk psychology” or “ common sense’ :
normative descriptions of what makes human beings “ tick” , what one can expect situations to
be like, what our minds and those of others are like, what are possible modes of life and so
on. We believe (or “ know” ) thatvorld is organized in a certain way, that we want certain
things, that people hold believes about past and future. We believe in coherence of all these
believes, that people should not want “ irrational” things. We have very strong opinions about
how things should be and how one should behave.

There seem to be no agreement on definitions for “ data’ , “ wimation” , “ knowledge’ , or
“ wisdom” . However, therare some aspects all of the authors share. Whether information or
knowledge are seen as separate concepts or not, the transformation of data to knowledge or
information happens when meaning is given to them. This happens in a shared action, where
meaning is negotiated or constructed together with other actors. If we want to improve the
non-routine processes of project management we should concentrate on the concept of
meaning.

Knowledge management (KM) is according to Brelade and Harman (2001) obtaining and
using resources to create an environment in which individuals have an access to information
and in which individuals obtain, share and use these information to raise the level of their
knowledge. In addition to this individuals are encouraged and enabled to obtain new
information for organization.

3. KNOWLEDGE MANAGEMENT TOOLS
3.1 Genera principles of knowledge management

It is recognised that good knowledge management does not result from the implementation of
information systems alone (Grudin 1995; Davenport 1997; Stewart 1997). However, the role
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of IT as a key enabler remains undiminished (Carillo et a 2000; Egbu 2000). IT should be
understood less in its capacity to store explicit information and more in its potential to aid
collaboration and co-operation between people (Egbu and Botterill, 2002). Dougherty (1999)
argues that IT should be seen as a tool to assist the process of KM in organisations. Such a
process relies more on the face-to-face interaction of people than on static reports and
databases (Davenport and Prusak, 1998). Some organisations have developed software to
encourage social interaction in organisations in the hope that a unigue forum for tacit
knowledge exchange will be established.

Alavi and Leidner (1999) asked managers about their key concerns about knowledge
management. The managers expressed concern primarily over the cultural, managerial and
informational issues (Figure 2). In terms of the culture, the managers were concerned over the
implications for change management, the ability to convince people to volunteer their
knowledge, and the ability to convince business units to share their knowledge with other
units. Concern was also expressed over how to implement knowledge management system
effectively (Alavi and Leider 1999). These concerns are all relevant for construction project
especially because the project environment aways bring together people not only from
various units but from various organizations.

Information Building vast amounts of data into usable form
Avolding overloading users with unnecessary data
Eliminating wrong/old data
Ensuring customer confidentiality
Keeping the information current

Management  Change management implications
Getting individuals to volunteer knowledge
Getting business units to share knowledge
Demonstrating business value
Bringing together the many people from various units
Determining responsibility for managing the knowledge

Technology Determining infrastructure requirements
Keeping up with new technologies
Security of data on Internet

Figure 2. Key concernsrelated to knowledge management (Alavi and Leidner 1999)

Hansen (et al 1999) found two very different knowledge management strategies in place. In
companies that sell relatively standardized products that fill common needs, knowledge is
carefully codified and stored in databases, where it can be accessed and used - over and over
again - by anyone in the organization. That is called the codification strategy. In companies
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that provide highly customized solutions to unique problems, knowledge is shared mainly
through person-to-person contacts, the chief purpose of computers is to help people
communicate. This is called the personalization strategy. Hansen (et al 1999) emphasize that
the benefits are greatest - to both the company and its customers - when the company actively
choose one of the approaches as a primary strategy.

The construction industry provide customized solutions for their clients. That is the reason
why the knowledge management solutions between clients and construction professionals
should focus in sharing knowledge through person-to-person contacts and the ICT enabled
communication. The co-operation between the professionals is more standardized and the
codified strategy might be useful in some parts of their work. In this paper we focus on
improving knowledge management in construction project by either planning the projects
better or utilizing information systems. We are conscious that there are also other tools, for
instance, pre evaluation meeting of the project plan where experts give their view for the
project in advance.

3.2 Writing a project management plan in construction projects

Planning is one of the most crucial activities in every project, no matter if it'" s a new product
development project, a research project or a construction project. Everybody can remember

problems in projects that exist because of inadequate plans. sometimes walls already built

must have been torn down, sometimes workers have to wait for a machine or tool that is

missing, sometimes weather conditions bring surprises. This list could be continued for

several pages.

One effective tool for project planning is writing a project management plan that contains the
most critical factors for project success. However, for some reason project management plans
used in construction projects in Finland are usually very insufficient, they consist only of
timetable, budget and some sort of quality plan. Naturally, some exceptions exist. But there
hasn’ t been a proper project management plan in any of the construction projects that we' ve
been researching. Not even in those managed by a construction company.

According to ISO 10006 standard project management planisa“ document speciying what is
necessary to meet the objective(s) of the project”. Project management plan can roughly be
divided into 8 following sections. definitions, organization, timetable, budget, chance
management, risk management, communication and information management, and quality
management. Every project is naturally different from others but this content of the project
management plan can be modified according to each project. It is also important to realize
that project management plan should be reviewed regularly and updated if needed. (Pelin,
2002; Kettunen, 2003)

The main benefit of the project management plan is that the a structured way of making
the important plans helps the planner to remember everything that is needed, for example:
the human recourses of the client organization. Project managers may have several
projects to run at the same time and nobody is checking if they really have time for a
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new project. Writing the project plan reminds also to plan the recourses while making
the timetable. Thisis specially important in multi project environment.

risk management. Project managers seem to feel that since they have lots of
experience of the projects they don’ t need to think about the risk management.
Obvioudly this is not true. Since al the projects are different there may be different
risks related to each project. And even tough the risks were the same the plan how to
deal with therisksis needed.

information sharing. The informing plan defines which information is handed over to
which parties via which channels and how it is checked that crtical information is
understood. In addition, project management plan can be used in giving the new
project participants a brief introduction to the project.

Construction industry is an old industry with old, traditional ways of doing things. In Finland
there is a habit of writing a project definition plan after programming phase of the project that
is meant for guiding the actual planning phase of the project. This plan includes some of the
information that should also be aso in project management plan. | believe that it is felt as
doing the same thing twice if both project definition and project management plan must be
written. However, these plans are not the same and not for the same purposes, so both of them
should be made.

3.3INFORMATION SYSTEMS (1S) IN KNOWLEDGE MANAGEMENT

Information system (IS) combine organisational, human and information technology based
resources to generate the effective and efficient collection, retrieval, communication and use
of information. Information technology (IT) serves IS by supporting business operations and
enabling new ways of carrying out organisational activities (Barrett 1995, p. 153 and 154).

Laudon and Laudon (1998) classify IS for knowledge management into four main categories:
1. those for creating knowledge (knowledge work systems): these support the activities
of highly skilled knowledge workers and professionals as they create new knowledge;
CAD systems, Analysis systems, Estimating systems. Increasingly, these systems are
being integrated both within and across disciplines, thereby facilitating the flow of
information.

2. those for processing knowledge (office automation systems): these help disseminate
and co-ordinate the flow of information in an organisation; Word Processing,
Spreadsheets, Imaging and Web Publishing, Electronic Calendars, Desktop Databases.
These systems are now routinely used within construction organisations to ensure the
smooth running of businesses.

3. those for sharing knowledge (group collaboration systems): these support the creation
and sharing of knowledge among people working in groups, Groupware, Intranets,
Video-conferencing, Document management systems, Bulletin Boards, Shared
Databases, Electronic mail systems. The use of these systems is growing in the
construction industry but the emphasis has been more on supporting intra-organisation
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groups rather than virtual project teams that have members drawn from several
organisations.

4. those for capturing and codifying knowledge (artificial intelligence system): these
provide organisations and managers with codified knowledge that can be reused by
others in the organisation; Expert Systems, Neural Nets, Fuzzy Logic, Genetic
Algorithms, Intelligent Agents. They enable the setting up and maintenance of
knowledge bases that preserve knowledge/expertise that might otherwise be lost when
akey member of staff isno longer available.

Construction organisations need to view IT as an enabler, which should be part of an integral
multi-faceted KM strategy; develop and implement an IT infrastructure for KM which is
tailored to suit the needs of the organisation and implement an appropriate training
programme that educates the organisations employees on the benefits of KM, and in the use
of any supporting IT systems (Carrillo et al., 2000).

Knowledge work systems

Product modelling is a mean of creating new knowledge with the aid developed CAD-
systems. Product models make construction plans more effective and competent during
construction project and the whole life cycle of the building.

Kuhne and Leistner (2002) conclude that there is a substantial potential for optimizing
management processes in the construction industry when using a product model. The various
potential have been arranged into three areas: collaboration, data processing and controlling.

Collaboration
the use of product model for defining a common project language illustrates a basis
for well working communication between the project participants.
quick availability of data; in order to avoid delays and incorrect deliveries with
regards to location, quantity or type, aquick availability of datais urgently necessary
Dataprocessing
estimating time and cost expense
productivity; heat flow calculation, bearing capacity
view of project’ slife cycle; facility management inbrmation
dataquality; poor quality of critical data can have substantial influences on decision
making
Project controlling
- monitoring an overview of the total project from a cost and time viewpoint
analyses and eval uation; project-wide usage of product model data simplifies the tasks
of the project controller
visualization; at the time the technical-constructive planning is based on alphanumeric
data, it isan abstract nature and possess no direct graphical representation, but
geometrical and spatial representation is becoming more and more significant for
humans for trying to understand and control large projects with complex structures
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workflow; in order to improve the flow on information between sub-processes,
workflow systems are increasingly employed today

Office automation systems

Word processing, spreadsheet and other office automation system are wide used systems.
There are numbers of document models and sheets for reports prepared. Also timing is often
made by project planning systems. Regulations and documents are often stored in intranets.
But the use of electronic calendars and intranet use as publishing and discussing tool is not
guite common.

Group collaboration systems

Collaboration is afundamental aspect of project-based work and it is therefore, recommended
that organisations pay attention to the different types of collaborative technologies that exist.
According Egbu and Botterill (2002) there are good experiences about virtual teamwork
stations included desktop video-conferencing equipment, multimedia e-mail, shared
chalkboards, a document scanner, and tools to record video clips, group-ware and web-
browser. Although it is arguable whether these technologies capture or distribute structured
knowledge, many would contend that they are useful at enabling people to transfer tacit
knowledge. Perhaps the potential benefits of using such technologies are not fully understood
and organisations are more incremental in their implementation of IT.

Artificial intelligence systems

Neural networks have been described as a statistically oriented tool that excels at using datato
classify cases into one category or another. Other data mining tools include artificial
intelligence tools as well as conventional statistical analysis. Strong proponents of these tools
advance the view that the pattern identification and matching capabilities of software can
eliminate human intervention. It could be argued, however, that an intelligent human is
required to structure the data in the first place, interpret data and understand identified
patterns; and of course make a decision based on the knowledge generated (Egbu, Botterill
2002).

The obstacles of ICT use
The obstacles can be divided into three main categories:
- technical: Continual demand for upgrading hardware and software is the greatest

obstacles according to Samuel son 2002.
human: The construction professionals assessed that the “ Greater knowhow is
required from staff” and overabundance of inbrmation are anong the main obstacles
of ICT use (Samuelson 2002, 17). Cynicism and defeatism are unintended
consequences of technochange failure preventing the success of the new change
efforts (Markus 2003).
economical: Strategic objectives are not clear (Love 2004). Investment costs are too
high (Samuelson 2002). Network effects on the utilization of ICT (Bansler and Havn
2004, p 271, 272). The key challenge is to obtain a “ critical mass’ ofisers. Many
new technologies fail to obtain critical mass and simply flop. The problem is the
“ chicken and the egg” paradox: many users are not interested in adopting the
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technology because the installed base is too small, and an insufficiently small number
of users have adopted the technology (Bansler and Havn 2004, p 271, 272).

The above findings are supported with our case studies. Many times the interviewees talked
about the obsolete computers and the limits of their knowledge on ICT possibilities. At the
same time they had doubts on the possible benefits of a system and unwillingness to start to
utilise the new system especially if thelast ICT project had failed for some reasons.

5. Discussion

Key finding of our paper is that it is easy to find solutions to the challenges of construction
problems but when you come to the realisation of the solution we seem to be fighting against
the culture. Construction industry is an old industry with old, traditional ways of doing things.
New ways of organizing the work are resisted and the people very soon become cynica and
unintended consequences of technochange failure prevent the success of the new change
efforts. It isimportant to be aware of this and the change efforts should be implemented in the
project work by letting the practitioners effect on the change and select the way of working.

We aso found out that often ICT have positive effects on the challenges but that often thereis
the critical mass problem the benefits are not yet gained if there are not enough many users.
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ABSTRACT: This paper focuses on the possible tools of knowledge management by exploring offered, needed
and wanted knowledge. We study knowledge management by exploring how the tools are utilized currently in
case projects in Finland and how new tools could improve the processes. We also aim to study what kind of
obstacles there are for IS tools utilization. New ways of organizing work are resisted and people very soon
become cynical and unintended consequences of techno change failure hinder the success of the new change
efforts. It isimportant to be aware of this and change efforts should be implemented in project work by letting
the practitioners effect the change and select the way of working. We aso found that often ICT have positive

effects on the challenges but that often there is a critical mass problem, where the benefits are not yet gained if

there are not sufficient users.

Keywords: knowledge management, |S, project, construction

1 INTRODUCTION

The article is based on the findings of the
PROLAB-project. The project seeks to find solutions
for how information can effectively be used in project
management, especialy in construction projects,
what kind of procedures help the management of
knowledge and how the obstacles to efficient ways of
administrating the information can be removed. This
paper is based on four case studies.

The paper focuses on the possible tools of
knowledge management by exploring offered, needed
and wanted knowledge. We study knowledge
management (KM) by exploring how the tools are
utilized currently in case projects in Finland and how
new tools could improve the processes. We aso am
to study what kind of obstacles there are for
information system (1S) tools utilization. We am at
exploring what kind of tools can improve success in
projects. The research is quditative, aming at
exploring the IS tools of knowledge management in
construction projects. The paper is based on four
case studies in public construction projects in
Finland.

Knowledge management (KM) is according to
Brelade and Harman (2001) obtaining and using
resources to create an environment in which
individuals have access to information and in which
individuals obtain, share and use this information to
raise the level of their knowledge. In addition to this
individuals are encouraged and enabled to obtain new
information for organization. Egbu (2001, p.126)
argues that KM should be understood to mean the
processes by which knowledge is created, acquired,
communicated, shared, applied and  effectively
utilized and managed, in order to meet existing and
emerging needs and to identify and exploit existing
and acquired knowledge assets.

Since the 1960s, information technology (IT) has
become an al-pervasive force in the business world,
superseding more conventional tools for data storage
and communication. It has been argued that IT has
the potential to “redefine the management and
control of global basis through the removal of
barriers such as time and distance” (Egbu 2000,
p.109).

Naaranoja et a. (2005) have studied how difficult
it is to know what kind of knowledge you need in a
project and how people filter the information they
don’ t want todarn. This filtering may aso include
issues that they should learn. People do not utilize all



the available knowledge resources. These resources
might be people or tools that give new knowledge,
e.g. on the state of the building they are renovating.
The offered knowledge may not be trustworthy, or
you don’ t need the knowledge at that moment. They
also tried to find out how knowledge resources are
critical and why they are accessed or, even more
importantly, why they might not be accessed and
how managers can know what offered knowledge
they should take seriously in the project environment.
Their conclusion is that a more relevant question is
how the manager facilitates the learning in the team
and makes people to learn from each other. The
project manager is not able to select what knowledge
is reliable, but he should be able to know how the
project is organised and who knows what and
therefore who is able to select what offered
knowledge should be taken serioudly.

Love et al. (2004) argue that rework is an
endemic problem in building construction projects in
Australia. Research has shown that rework is the
primary cause of time and schedule overruns and
quality deviations in projects. Delays and cost
overruns are seemingly the rule rather than the
exception in the construction industry. Design
changes are frequent, generating costly ripple effects
that create delay and disruption. Projects often
appear to be going smoothly until near the end when
errors made earlier are discovered, necessitating
costly rework. Various industry development
initiatives have focused on addressing the symptoms
rather the causes of the industry’ s problems.

2 METHOD

The paper is based on literature review and four
case studies in public construction projects in
Finland, in three municipalities. The number of
inhabitants in these towns or municipalities varies
between 23 000 to 57 000. The four construction
projects that are researched here are:

- Renovation and partly new construction of a
school that had mould problems, total area 3000
m? and budget 2 7 000 000 euros. Project started
1998 and ended 2005.

- Hospita for senior sitizens, the renovation of the
nursing home, total area 7 000 n? and budget
5 700 000 euros. Project started 1996 and is still
going on.

- University project, 24 000 m2. Alteration of an old
factory into a universty and partly new
construction. The project started 1997 and was
finished February 2004. There were 10 interviews
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in the construction company, one designer, one
end user and the project manager.

- Renovation / partly new construction of a nursing
home, total area 3500 n?. Construction stage
started March 2003 and ended February 2004.
The case study is based on interviews of 7
construction company employees.

We used theme interviews as a means of
collecting information, but we have aso collected
artifacts of the projects such as drawings, memos,
and observed the meetings in two projects. In
addition, action research is going on in two towns —
the aim of this action research is to find out new
ways of organizing knowledge management in the
construction projects. In the PROLAB project we
studied also other case studies than the four that
were selected in order to focus on both the pre-
construction and construction stages.

The interview material was scanned by marking
not only what the interviewees talked about IS but
also the challenges that might be solved by IS. The
used classification of the chalenges is design
changes, construction changes, client, design team,
dte management, subcontractor, project scope,
contract documentation, project communication,
procurement strategy and design management. The
classfication was made according to Love (2004)
who aimed at building a holistic rework reduction
model. It provides a platform in the context of the
challenges of project management, reducing rework
in construction projects. From the data we perceived
how the IS-tools are utilized currently in case
projects in Finland and what kind of tools can
improve success in projects and how new tools could
improve the processes. We also aim to study what
kind of obstacles there are for IS-tools utilization.

3 GENERAL PRINCIPLES OF KNOWLEDGE
MANAGEMENT

Knowledge is often defined to be meaningful
information. Knowledge is derived from information.
What makes the difference between data and
information is their organisation and the difference
between information and knowledge is their
interpretation (Bhatt 2001). Knowledge is the
understanding one gans through experience,
reasoning, intuition, and learning. We expand our
knowledge when others share their knowledge. New
knowledge is created when we combine our
knowledge with the knowledge of others. Wisdom
and ingght can be included in the definition of
knowledge. Wisdom is the utilization of accumulated
knowledge (Cong  and Pandya  2003).



Quinn et al.(1996) divided the knowledge of an
organization onto four levels: (1) knowing what:
cognitive knowledge; (2) knowing how: the ability to
trandate bookish (knowing what) knowledge into
real world results; (3) knowing why: the ability to
take know how into unknown interactions; and (4)
caring why: self-motivated crestivity, this level of
knowledge existsin aorganisation’ s culture.

It is recognised that good knowledge management
does not result from the implementation of
information systems alone (Grudin 1995; Davenport
1997; Stewart 1997). However, the role of IT as a
key enabler remains undiminished (Anumba et a
2000; Egbu 2000). IT should be understood less in
its capacity to store explicit information and more in
its potential to aid collaboration and co-operation
between people (Egbu and Botterill 2002).
Dougherty (1999) argues that IT should be seen as a
tool to assist the process of KM in organisations.
Such a process relies more on the face-to-face
interaction of people than on static reports and
databases (Davenport and Prusak 1998). Some
organisations have developed software to encourage
socid interaction in organisations in the hope that a
unique forum for tacit knowledge exchange will be
established.

Alavi and Leidner (1999) asked managers about
their key concerns about knowledge management.
The managers expressed concern primarily over the
cultural, managerial and informational issues (Figure
1). In terms of the culture, the managers were
concerned over the implications for change
management, the ability to convince people to
volunteer their knowledge, and the ability to
convince business units to share their knowledge
with other units. Concern was also expressed over
how to implement the knowledge management
gsystem effectively (Alavi and Leidner 1999). These
concerns are al relevant for construction projects,
especiadly because the project environment always
bring together people not only from various units but
from various companies.

The construction industry provides customized
solutions for clients. That is the reason why the
knowledge management solutions between clients
and construction professionals should focus on
sharing knowledge through person-to-person
contacts and ICT enabled communication. The co-
operation between professionals is more standardized
and the codified strategy might be useful in some
parts of their work. In this paper we focus on
improving knowledge management in construction
project by utilizing information systems.
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INFORMATION
8 Building vast amounts of data into usable
form
8 Avoiding overloading
unnecessary data
8 Eliminating wrong/old data
Ensuring customer confidentiality
Keeping the information current
MANAGEMENT
Change management implications
Getting individuals to volunteer knowledge
Getting business units to share knowledge
Demonstrating business value
Bringing together the many people from
various units
8 Determining responsibility for managing the
knowledge
TECHNOLOGY
8 Determining infrastructure requirements
Keeping up with new technologies
§ Security of data on Internet

users with

wy W

w W W W W

wn

Figure 1 Key concerns related to knowledge
management (Alavi and Leidner 1999)

4 |ISTOOLS FOR KNOWLEDGE
MANAGEMENT

Information system (IS) combine organisational,
human and information technology based resources
to generate the effective and efficient collection,
retrieval, communication and use of information.
Information technology (IT) serves IS by supporting
business operations and enabling new ways of
carrying out organisational activities (Barrett 1995).

Laudon and Laudon (1998) classify IS for
knowledge management into four main categories:
1.those for creating knowledge (knowledge work

systems): these support the activities of highly
skilled knowledge workers and professionals as
they create new knowledge; CAD systems, analysis
gystems, estimating systems. Increasingly, these
systems are being integrated both within and across
disciplines, thereby facilitating the flow of
information

2. those for processing knowledge (office automation
systems): these help disseminate and co-ordinate
the flow of information in an organisation - word
processing, Spreadsheets, imaging and web
publishing, electronic calendars, desktop databases.
These systems are now routingly used within
construction organisations to ensure the smooth
running of businesses

3. those for sharing knowledge (group collaboration
systems): these support the creation and sharing of
knowledge among people working in groups -



groupware, intranets, video-conferencing,
document management systems, bulletin boards,
shared databases, electronic mail systems. The use
of these systems is growing in the construction
industry, but the emphasis has been more on
supporting intra-organisation groups rather than
virtual project teams that have members drawn
from severa organisations

4.those for capturing and codifying knowledge
(artificid intelligence systems): these provide
organisations and managers with  codified
knowledge that can be reused by others in the
organisation - expert systems, neura nets, fuzzy
logic, genetic agorithms, intelligent agents. They
enable the setting up and maintenance of
knowledge bases that preserve knowledge/expertise
that might otherwise be lost when a key member of
staff is no longer available.

Construction organisations need to view IT as an
enabler, which should be part of an integral muilti-
faceted KM strategy; develop and implement an IT
infrastructure for KM which is tallored to suit the
needs of the organisation and implement an
appropriate training programme that educates the
organisation’ s employees on the benefits of KM, and
in the use of any supporting IT systems (Carrillo et
al., 2000).

Knowiedge work systems

Product modelling is a mean of creating new
knowledge with the aid developed CAD-systems.
Product models make construction plans more
effective and competent during construction project
and the whole life cycle of the building. Kuhne and
Leistner (2002) conclude that there is substantia
potential for optimizing management processes in the
construction industry when using a product model.
The various potentials have been arranged into three
areas. collaboration, data processing and controlling.

Office automation systems

Word processing, spreadsheets and other office
automation systems are widely used systems. There
are numbers of document models and sheets for
reports prepared. Also timing is often made by
project planning systems. Regulations and documents
are often stored in intranets. But the use of electronic
cdendars and intranet use as publishing and
discussing toolsis not very common.

Group collaboration systems

Collaboration is a fundamental aspect of project-
based work and it is therefore recommended that
organisations pay attention to the different types of
collaborative technologies that exist.
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According Egbu and Botterill (2002) there are
good experiences about virtual teamwork stations
included desktop video-conferencing equipment,
multimedia e-mail, shared chalkboards, a document
scanner, and tools to record video clips, group-ware
and web-browser. Although it is arguable whether
these technologies capture or distribute structured
knowledge, many would contend that they are useful
a enabling people to transfer tacit knowledge.
Perhaps the potential benefits of using such
technologies are not fully understood and
organisations are more incremental in ther
implementation of IT.

Artificial intelligence systems

Neura networks have been described as a
statistically oriented tool that excels at using data to
classify cases into one category or another. Other
data mining tools include artificial intelligence tools
as well as conventional statistical analysis. Strong
proponents of these tools advance the view that the
pattern identification and matching capabilities of
software can eliminate human intervention. It could
be argued, however, that an intelligent human is
required to structure the data in the first place,
interpret data and understand identified patterns, and
of course make a decision based on the knowledge
generated (Egbu, Botterill 2002).

5 OBSTACLES

The construction industry does not understand as
a whole the need for computable information - the
industry’ smindset needs to be shifted from pictures
to information models. This is a shift that al
industries experience. Once the value of a modelling
is recognized — and the models of buildings are
created — new forms of value can be unleashed.

The obstacles can be categorized into three
different levels: 1) individua level (e.g. project team
member, procurement manager), 2) organisational
level and 3) network level. The levels of the adoption
decisions have been discussed within the innovation
diffuson theory literature in the form of optional,
collective and authority adoption-decisions (Rogers
1983; Engsbo 2003). The projects are realised at the
network level.

The obstacles can be divided into four man

categories:

1.technical: continua demand for upgrading
hardware and software is the greatest obstacle
according to Samuelson (2002). There is a lack of
supporting infrastructure for security or privacy.
Legacy systems and/or standards are needed to be
able to develop the systems
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(Engsbo 2003)

2. human: lack of knowledge of the possibilities and
overabundance of information are among the main
obstacles to ICT use (Samuelson 2002: 17).
Cynicism and defeatism ae  unintended
consequences of techno change failure, preventing
the success of the new change efforts (Markus
2003). In addition, there are obstacles such as the
lack of project-centric or senior executive
commitment; loss of persona benefits from
contacts with pre-existing business network;
inconsistency with existing strategies, and cultural
or internal resistance.

3.economic: the strategic objectives are not clear
(Love 2004). Investment costs are too high
(Samuelson 2002). The network affects the
utilization of ICT (Bander and Havn 2004, p 271,
272). The key challenge is to obtain a “ critical
mass’ of users. Many new technologies fail to
obtain critical mass and smply flop. The problem is
the “ chicken and the egg” paradox: many users are
not interested in adopting the technology because
the installed base is too small, and an insufficiently
small number of users have adopted the technology
(Bander and Havn 2004, p 271, 272).  Other
economic obstacles are investment costs
justification, unclear benefits, time or resource
constraints, uncertainty or risk aversion; and
perceived no-win stuations for the individual firm.

4. information or knowledge resources: There is not
enough information or knowledge available about
certain issues such as how to accept electricaly a
delivery or also that the security issues are even
more important than before since a virus may
attack even if thereisafirewall.

6 THE CHALLENGE OF REDUCING REWORK
IN CONSTRUCTION PROJECTS

The end users of the case construction projects
had often experienced communication problems.

They did not understand, for example, the drawing

symbols of the electric conduits and they experienced
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confuson when every special designer introduced
their design papers. The users pointed out that real
size mock ups helped them to understand what was
going on. Also the end users had difficulties in
expressing their current and future needs.

The designers said that they had to wait too long
for the fina plans of the main designer. They longed
for a controlled timetable for design. Also
competition on price was found to be a reason for
poor design quality. The designers also talked about
the reasons for changes:

- gpecia designers don’ t always undertand the
needs of the end user.

- end users change their minds

- designersdon’ t aways understand each other

- solutions are not introduced properly for end
users.

The designers often talked about commitment and

the need to deliver information to every party that

might need that information.

The project managers frequently talked about
losing the goal of the design and how they did not
manage the design process well enough. Also they
could tell that document management was not done
as well as it could be. The checking of the solutions
should be made properly — the designers couldn’t see
their own mistakes. The design contracting was aso
discussed. The best design group has also worked
together previously. Maybe it would be best to make
a design agreement with the group of designers and
not with every designer separately. The project
managers also told about the difficulties they had in
producing working drawings since the changes were
realised at the very last moment in the requirements.
Design schedules were seen as challenging: how to
give end users enough time to comment on the
solutions and the professionals to double check the
solutions.

The contractors found out that the design quality
was not good enough — when the work starts there
are alot of details lacking. The site managers wanted
a better relationship with the designers. At the
moment the designers communicate with the site in
gte meetings, by phone and by fax. The information
doesn’ t flowOn site the personal contacts effect the
information flow. The work is not often planned at a
reasonable level. The contractors explained that if
they could be involved during the design process
there would be less mess during construction. Quality
systems require bureaucracy that is partly very good
and partly the benefits are not visible from the
process point of view. According to the contractors
most of the extra costs incurred are due to poor
design. However, they could recognise some points
in how they could improve their own work: change
the management, detailed scheduling their own work,



documenting difficult Situations, and information
flows inside the company.

Anayses from the needed, wanted and offered
knowledge points of view pinpoint that collaboration
systems are the main tool in offering knowledge, but
it does not ensure that the knowledge is in the kind
of format that it is learned in order to get the wanted
or needed knowledge. In addition the needed
information might not exist in the collaboration
systems. The needed knowledge could be in the
artificia systems so that a party would get it whether
he wants it or not. The main chalenge is how to
motivate the designer to utilize the knowledge of the
end-user, though it is time consuming and requires a
lot of co-operation. We did not find any specific
tools that support this motivation.

The collaboration between the site and designers
could aso be improved by videoconferencing
technology in the future. The project intranets could
be developed to support the learning of each party,
not only the learning of the end user, but aso the
construction professionals.

The companies are at the moment aso starting to
create environments where best practice stories are
gathered. In the interviews this was seen as a good
opportunity by not only giving the template and
example documents to the other parties, but also
information on possible difficulties and how to avoid
them.

Quite many of the problems in our case studies
concern the design phase. Product modelling is one
way, but not yet a common way, to enhance the
construction planning system. Some pilot projects
test product modelling, and the use of IFC
gpecification is under development. Product
modelling does not separate the plans of the different
designers but it adds to the coordination and
communication between designers who usually come
from many firms. The use of product models helps
the customer orientation as well. 3D visudization
decreases the jargon problems between the client and
construction professionals. By means of product
modedlling it is possible to check the constructability
and interoperability of plans by model-checker
software. 4D-design helps to optimize the schedule.
So the product model could be the answer to many
designers’, clients” and contractors™ problems.

Kuhne and Leistner (2002) conclude that there is
substantial potential for optimizing management
processes in the construction industry when using a
product model. The various potentials have been
arranged into three areas. collaboration, data
processing and controlling. The use of product
models for defining a common project language
illustrates a basis for well-functioning communication
between the project participants and quick
availability of data in order to avoid delays and
incorrect deliveries. Product models give the chance
to estimate time and cost expenses, productivity in
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e.g. heat flow caculations and bearing capacity,
giving a view of a project’ s life cycle and facility
management information. Monitoring and overview
of the total project from a cost and time viewpoint,
analyses and evaluation, and project-wide usage of
product model data smplify the tasks of the project
controller, and visualization; at the present time the
technical-constructive  planning is based on
alphanumeric data, it is of an abstract nature and
possesses no direct graphical representation, but
geometrical and spatia representation is becoming
more and more significant for humans in trying to
understand and control large projects with complex
structures.

7 CONCLUSION

The four case studies showed that the main
challenges of knowledge management in construction
projects are the requirements of management and
congtructability analyss of the desgn and
communication during the construction. For
example, the professionals do not always want to
spend time with the real problems of a customer,
though it is obvious they would need this knowledge.
We did not find any tools for this motivation
purpose. Currently the offered knowledge during the
design stage is not in the kind of format that the
client would get the knowledge he/she wants or is
able to understand that he/she needs. The ICT
solutions are able to support in this process by giving
visualisation tools and giving advice on what kind of
questions need to be answered in each stage of the
construction process.

We studied what kind of obstacles there are for
information system (IS) tools utilization. The
obstacles can be categorized into three different
levels: 1) individua level, 2) organisational level and
3) network level. The case construction projects
happened in the inter-organisational network. The
obstacles can be divided into four dimensions:
technical, human, economic and information or
knowledge resources. Due to the resistance to
change and the past failures of techno change the
project people very soon become cynical and the
success of the new change efforts are not realised.
We also found that often ICT have positive effects
on the challenges, but that often there is a critical
mass problem, where the benefits are not yet gained
if there are insufficient users.

In the introduction we promised to discuss what
kind of tools can improve success in projects.
According to our studies this can be obtained by
enabling the learning in the team and making people
learn from each other. Nobody is able on their own
to select what knowledge is needed, and the project
team should be able to know how the project is
organised, who knows what and thus who is able to



select what offered knowledge should be taken
seriously and what knowledge is trustworthy and
what kind of extra knowledge is still needed.

The used ICT systems of the case projects were
moderate. The benefits of the most modern tools
could not be tested. However, this research shows
what kind of challenges there are in all projects —the
challenges that could or are being partly solved by
ICT. Most of the challenges can be found also in
projects where there are better ICT solutions in use.
It would be interesting to study the practises in
projects that have a proper databank in use and study
the benefits of such tools. Part of the interviewees
had utilised such tools and, in addition, we have
made interviews in other case projects in which there
has been a project intranet in use. According to our
research they had failed to gain al the benefits we
have proposed in this paper. How the benefits are
redly gained and how the change efforts should be
made is a subject of future studies.
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LUKU 9

raportteja 137, Vaasa 2006)

Tietotekniikan mahdollisuudet ja rajoitukset eli mihin haasteisiin tieto-
tekniikka on vastaus?

Paivi Javaja, Marja Naaranoja

9.1 Johdanto

Rakennusalan haasteita - aikatauluylityksid, laatuongelmia ja kustannuksia nostavia muutos-
tarpeita - voidaan analysoida kahdesta ndkokulmasta (Kashiwagi et al. 2005:172). Ensim-
maéinen ndkokulma on yksittéisen projektin nakokulma, joka olettaa, ettd ongelmat johtuvat
kunkin hankkeen ainutkertaisuudesta. Tdmé nakdkulma johtaa tarpeeseen kouluttaa parem-
piatydmiehid, standardointiin, projektin johtamisen menetelmien kehittémiseen ja tarkastuk-
siin. Toinen ndkokulma keskittyy prosessien kehittémiseen. Prosessindkokulma keskittyy
siithen, kuinka asiakkaan tarpeet saadaan tehokkaan toiminnan avulla tyydytettya. Tama ar-
tikkeli pohtii prosessien kehittémisté tietotekniikan ndkokulmasta.

Tietotekniikka on tyokalu, joka taitavasti kdytettynd parantaa tuottavuutta ja tarjoaa raken-
nushankkeiden johtamiselle ja organisoinnille uusia mahdollisuuksia. Uusien tietoteknisten
jarjestelmien kayttamisella on mahdollista tehostaa rakentamisprosessin informaation hallin-
taa ja osapuolten valista viestintdd. Tarkedks muodostuvat tietotekniikan sovitut, yhteiset
pelisdannat, laitteistojen ja ohjelmistojen yhteensopivuus ja verkossa tapahtuva tiedonvaihto.
Internetin kayttdal ueen lagjentuminen tarjoaa nopeasti kehittyvia menetelmia ja vaatii jatku-
vaa seurantaa. Yritysten on huomioitava sdhkoisen kaupan mahdollisuudet seka sidosryhmi-
en sisdlloltdan lagjemmat ja nopeammat tietovaatimukset. (RAKLI 1998.) Uusi tekniikka tuo
mukanaan hienoja mahdollisuuksia, mutta siitéd huolimatta rakentamisen ammattitaito on
valttaméton edellytys onnistumiselle tietotekniikan hyodyntamisessi. Tietotekniikka on vain
apuvdline, joka el sinansi synnytd menestystd, kuten kirves e rakenna taloa ilman kirves-

miehen k&dentaitoa ja kokemusta.

Tietotekniikan kayttamisella el automaattisesti aikaansaada hyvéa tiedonhallintaa (Davenport
1997), mutta se tarjoaa mahdollisuuden tehokkaaseen tiedon jakamiseen rakentamisprosessin
aikana. Tietotekniset sovellusohjelmat tarjoavat ratkaisuja kommunikoinnin parantamiseen
eri osapuolten valilla visuaalisten mallien avulla. Erilaiset suunnitelmavaihtoehdot ovat tar-
kasteltavissa ja arvioitavissa tietokoneruudulla etukdteen havainnollisessa kolmiulottei sessa
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muodossa. Rakennuksen tuotemalli auttaa yhteisen kielen [6ytymisté rakennuksen tulevien
kayttgjien ja rakennusalan ammattilaisten vélille, tdmé luo suunnittelukokouksissa kaytavélle
keskustelulle yhteisen pohjan. Tilagan osallistumismahdollisuuksien parantumisen myoéta
lopputulos eli kayttdéon otettava rakennus vastaa todenndkoisesti paremmin toiveita ja odo-
tuksia. (Sulankivi et al. 2002.) Tuotemallin ja prosessimallin hyoédyntdminen muuttavat toi-
mintatapoja alykkaan tiedon tallentamiseen ja siirtdmiseen nykyisen dokumenttien tallennuk-
sen sijaan. Elinkaarigjattelun omaksuminen korostaa kaikkien osapuolten yhteistyon térkeyt-
t&, kun alkuvaiheesta léhtien huomioidaan kokonaisuus suunnittelusta ja toteutuksesta val-

mistukseen, kayttoon, huoltoon, korjauksiin ja lopulta purkuun asti.

Tehokkainta tiedonvaihto rakennusprojektissa on silloin, kun projektin kaikki osapuolet
kommunikoivat keskendén yhtendisen jarjestelmén avulla. Tyoryhman yhteistyomahdolli-
suudet paranevat merkittavasti, jos suunnittelijat voivat yhteistydssa tuottaa rakennuksen
tuotemallin eli virtuaalirakennuksen sen sijaan, etta eri suunnittelijoilla on omat irralliset
suunnitelmansa. Muiden suunnittelijoiden tyon edistymisen seuraaminen oman tyon ohella
on luontevampaa, kun eri suunnittelualojen suunnittelutieto on integroitu yhteiskayttoiseen
tuotemalliin eik& tiedon etsimiseen tarvita erillisia toimenpiteita (Sulankivi et al. 2002).

Suunnitelmien havainnollisuus ja tehokas analysointi, kuten asennugjérjestyksen tai raken-
nettavuuden tutkiminen etukateen tietokoneruudulta, voi my6s helpottaa urakoitsijaa tunnis-
tamaan tuotannon kannalta epaedullisia tai risked sisdltavia ratkaisuja. Tuotevalmistajien
objektien mukana suunnitelmaan voidaan liittd8 asennuksen ja kayton kannalta tarkesa tie-
toa, kuten valmistusaineet, takuugjat ja hoito-ohjeet. Aikataulun seuranta ja optimointi sekéa
asennugarjestyksen ja tyomaan logistiikan suunnittelu on mahdollista mallin 4D-
ominaisuuksien avulla (4D tarkoittaa aikatauluun yhdistettya 3D-mallinnusta), ja liséks
méaéarétiedot ovat saatavissa suunnitel mista automaattisesti ja virheettdmasti.
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Kuva 1. 3D-visualisointi

9.2 Tietotekniikka rakennusalalla

Konservatiivisena pidetty rakennusala on vastahakoinen muutoksille, mutta véitetdan, etta
rakentajatkin hyvaksyvét uudistukset, jos edut ovat riittdvan selvasti nahtavissi. Rakennus-
alan tietokoneavusteiset suunnittelujarjestelmét eli CAD-jarjestelmét (Computer Aided De-
sign) ovat vahitellen vakiintuneet kayttdon, mutta useat tehokkaat informaatioteknologiset
(IT) jarjestelmét ja alan tutkijoiden kehittaméat tyokalut ongelmien ratkaisemiseks ovat edel-
leen j&8neet vaille lagempaa kayttoa rakennusteol lisuudessa. Tietojen yhteensopimattomuus
ja muut tiedonhallinnan ongelmat aiheuttavat huomattavia kustannuksia seka rakennusvai-
heessa ettd my6hemmin kiinteisttjen omistajille ja yll&pitgjille. Tiedonhallinnan ja kommu-
nikoinnin merkitys korostuu rakennusalalla erityisesti, koska projektissa on useita osapuolia,
jotka tulevat useasta eri yrityksesta. Tiedonvaihto yritysten valilla on puutteellista ja jopa
yrityksen sisélla voi syntya tiedonkulun katkoksia Suunnitelmien tietosisallon kasvaessa

virhemahdollisuudet lisdantyvét.

Rakennushankkeen eri vaiheissa syntyva tieto ei palvele pelkéastéén rakennusvaihetta elka
rakennusty® tuota vain rakennusta, vaan suunnittelu- ja rakentamisvaiheessa syntyy koko
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rakennusta koskeva tietomalli. Tdman tietokannan hyodyntdminen rakennuksen elinkaarta
palvelevana tietovarastona vaatii pajon kehitystyota. Standardimuotoinen suunnitelmatieto
ja vamistgjien digitaalinen tuotetieto (valmistusaineet, takuuajat, hoito-ohjeet) voidaan liit-
té8 osaks rakennuksen tuotemallia, ja tiedon tulee liittya tuotemalliin osana rakennustarvi-
kekauppaa. Digitaalisellatilatiedolla on useita kéyttokohteita rakennuksen elinkaaren aikana.
telmat, kuten tilank&yton tehokkuuden ja kalustettavuuden arvioinnit, kayttokustannuslas-
kelmat, siivouksen ja huollon tarpeet ja toimenpiteet, palvelut yms. Kiinteisténhallinnan so-
velluksien tehokkaalla hyotykaytolla voidaan omistajien kiinteistovarallisuutta tarkastella
reaaliaikaisesti ja saada kasitys sen kunnosta ja kayttoasteesta. (RAKLI 1998.)

9.3 Tietojohtamisen I T-tyokaluja

Laudon ja Laudon (1998) luokittelevat tietojohtamisen tietojarjestelmét neljdan luokkaan.
1. Tietoa luovat jarjestelméat (tietotyon tukijarjestel mét)
Erikoisasiantuntijat luovat uutta tietoa ndiden jérjestelmien avulla. Esimerkkina voi-
daan mainita rakennusalan CAD-jarjestelmét (ks. taulukko 1), rakenteiden suunnitte-
lu- ja mitoitusohjelmat, mallinnus-, laskenta- ja analysointityokalut. Nama jarjestel-
mét ovat yleensd eri ammattial ojen sisdisessa kéytdssa, mutta parhaimmillaan ne ovat

yhteensopivia eri osapuolten jarjestelmien kanssa.

2. Tietoa kasittelevat ja varastoivat jarjestel mat (toi mistoautomaatiojarjestel mét)
Toimistoautomaatiojérjestel mien avulla voidaan hoitaa rutiininomaisia tehtévia kuten
tekstinkasittelya ja taulukkolaskentaa. Sahkdisilla kalentereilla voidaan hallita usel-
den ihmisten aikatauluja samanaikaisesti. Aikataulu- ja resurssisuunnitteluun kaytet-
tavét projektinhallintaohjelmistot kuuluvat myds téhén ryhmaan. Dokumentit ja yri-
tyksen siséiset ohjeistukset tallennetaan intranet-jarjestelmiin. Toimistoautomaa-
tiojarjestelmat liittyvét informaation késittelyyn, hallintaan ja varastointiin.

3. Tietoa jakavat jarjestelmat (kommunikointi)
Néiden jarjestelmien avulla mahdollistetaan tiedon jakaminen tyoryhman sisélld ja
tyoryhmien vélilla Esimerkkeind voidaan mainita erilaiset ryhmétyokalut, intranet-
jarjestelmét, sdhkdiset ilmoitustaulut, jaetut tietokannat, videoneuvottel uyhteydet ja
sahkopostijarjestel mét.
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4. Tietoa kiteyttavat jarjestelmét (alykkat tietojarjestelmt)

Nama jarjestelmét lgjittelevat ja priorisoivat tietovarastoihin tallennettua tietoa ja

toimivat paétoksenteon, analysoinnin ja tiedonhaun vaineenad yrityksen sisélla Esi-

merkkeja naista jarjestelmisté ovat asiantuntijajarjestelmét, neuroverkot, sumest lo-

giikat, geneettiset algoritmit ja 8lykka&at agentit.

Tietoa luovat jarjestelmat (tietotyon tukijarjestelmat)

Taulukko 1. CAD-suunnitteluun liittyvid kasitteita

Menetelma Sdlitys

Hyodyt

2D-CAD Piirustukset luodaan tietokoneavustel sesti
piirtamalla vektoriviivatyokal uilla kaksiul ot-
teisiatasokuvia. 2D-jérjestelma voi sisdltéa
vamiita symboleja esmerkiks rakennuspiirus-
tuksissa kéytettévaksi.

Helppo ja yksinkertai-
nen menetelméa perin-
teisten rakennussuunni-
telmien esittamiseen.

3D-CAD Oliopohjaiset jarjestelmét mahdollistavat ra-
kennusel ementtien kasittelyn todellisina kol-
miul otteisina kappal eina eika pel k&stéan vii-
voinaja symboleina Virtuaalinen rakennus
sisdltéd eri projektiot - pohjat, leikkaukset,
julkisivut, nakymét, 3D-visuaisoinnit ja méa-
réluettelot. Jokaista piirustusta el tarvitse
konstruoida erikseen, vaan tarvittavatieto on
virtuaalisessa rakennuksessa.

Néakymakuvat, animaa-
tiot ja liikuteltavat vir-
tuaalimaisemat on
helppo tuottaa ja neu-
vottelutilanteissa ne
kertovat asiakkadlle ja
tilagjalle selkedsti, mita
ollaan tekeméassa

4D-jarjestelmét 3D-suunnitelman ja aikataulun linkittdminen | Voidaan kéyttéa tarkas-
yhteen. Aikataulua havainnollistetaan 4D- teltaessa projektin eri
mallin avulla vaiheiden vaikutusta
toisiinsa esimerkiksi
asennug &rjestyksen ja
logistiikan kuvaamises-
sa
Tuotemallit Tuotemalli (Building Information Model, Projektinhallinta tehos-

BIM) on rakennuksen kol miulotteinen tieto-
konemalli, jonka jokaiselle komponentille,
esimerkiksi ovelle tai seindlle, on mééritelty
méaaré. Tuotemallin avullavoidaan hallita
rakennusprosessin kaikkia vaiheita hanke-
suunnittelusta yllgpitoon. Y hteinen tiedonsiir-
tostandardi (IFC) takaa, ettatietoa voidaan
sirtéd malliin eri osapuolien ohjelmistoista
Tuotemallissa rakennusosaan liittyy siis mate-
riaali-, mééré-, kustannus-, sijainti- ja goitus-
tieto seka visualisointi (ks. kuva 2).

tuu kaikkien tietojen
yhdentyessa samaan
jarjestelméan. Enda el
tuoteta pdallekkaista
tietoa, vaan tdydenne-
t&an jatkuvasti samaa
tietokantaa projektin
osapuolten suunnitel-
milla.

Prosessimallit Prosessimalli on prosessikuvaus rakennus-
hankkeen ja rakennuksen elinkaaren aikaisista
prosesseista, erityisesti tiedonhallinnan néko-
kulmasta. Prosessimallin tarkoituksena on
tarjota systemaattinen kuvaus tuotemallipoh-

Prosessimalli auttaa
rakennusprojektin
suunnittelua ja hallintaa
jamahdollistaa proses-
sin jatkuvan parantami-
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jaisista rakennuksen suunnittelun, toteutuksen
jaylldpidon prosesseista, niiden toiminnoista

jatoimintojen vélisista tietovirroista (ks. kuva
3).

IFCjalAl

IFC (Industry Foundation Classes) on kan-
sainvélinen tiedonsiirtostandardi rakentamisen
jakiintei stonpidon tuotetietojen tiedonsiirtoon
jayhteiskayttoon. 1Al (International Alliance
for Interoperability) on avoin kansainvalinen
yhteenliittymé& |FC-tiedonsiirtostandardin ke-
hittdmiseksi ja sen kayttdonoton edistamisek-
s

Tietojen esitysmuoto on
yhteensopiva ja projek-
tin osapuol et voivat
jakaa ja muokata mallin
tietoja omillatietojar-
jestelmill&an.

Virtuaalitodellisuus

Todentuntuinen nakoaistimus, jossa kayttda
tuntee olevansa sisdlla ja lasnad tietokoneen
luomassa todentuntuisessa ympéristossa, ky-
kenevansa toimimaan siella vuorovaikuttei ses-
ti ja kasittelemaan suurta ja monimutkaista
tietomaaréd. Kaytetédn esimerkiks tietokone-
ruudulla tai erityisessa virtuaalitodellisuusla-

boratoriossa datalasien tai datakypéran avulla

Virtuaalitodellisuudessa
voideaan malintaa ja
kokeilla  vamisteilla
olevia asioita ja simu-
loida €li harjoitella to-
dellisatilanteita

Piirustus (tai dokumentti)

Tuotetieto

Id: 18nXRkBEDg™Qhge Y \

Luokittalu: 3.1.1.3 \

Dokumenttien tuottaminen

- ]
|CT—<©. 0 0 o©
(AN
‘=
=z l Teksl
I Sijainti: x, v, 2 I
¥mpyra 2 Jana 1
I—I Relaatiot:
- Liilyminen
. tuksat
Sovellukset: Sovellukset:

Tuotemallinnus

Kuva 2. Piirustuksen ja tuotemallin ero (Kar stila 2002)

Prosessimalli

Prol T-prosessimalli kuvaa tuotemallipohjaisen rakennusprosessin erityisesti tiedonhallinnan

jatiedon yhteiskayton nakokulmasta. Siten Prol T-prosessmallin téarkeimmét elementit ovat

rakennusprosessin toiminnot, toimintojen véaliset tietovirrat, toimijoiden roolit ja prosessissa

kaytettavét tietotekniset sovellukset. Prosessin materiaalivirtoja on kasitelty vain rajoitetusti.

IDEFO-prosessimalli selkiyttéé ja havainnollistaa rakentamisprosessia, sen tieto- ja materiaa-
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livirtoja, osapuolia ja toimintoja. Laaditaan prosessimalli, joka kasittda seuraavat osaproses-
sit (ks. kuva 3):

§ hankkeen johtaminen

§ asiakaspadtosprosessi, sekd asiakas- ja viranomaisvaatimusten hallinta

§ rakennuksen suunnittelu, seka tydmaatoteutuksen valmistelu

§ tuoteosien jajarjestelmien suunnittelu ja valmistus

§ tybmaatoteutus ja rakennuksen luovutus

§ rakennuksen kaytttonotto, kaytto ja ylldpito

§ tiedonhallinta.

Vaiheet
TéRPEIDEM 4 wASTILIETER | RAKEMMIIGEN SULMRITTEL L & 1 1 RtzERHLKIER
WARR TTAVIREN :':'EL'NSEul.nuﬂ:H'ut.l.'.u.'E.rELu : RAHETAYREN : KAYTTE 44 YLLARTO

1 1 1

) Tiedon elinkaaren halinta )-
T T T
1 1 1

) Asimkiaan padtcksemioko )
Osa- _ 1 H i
Prosessit } Asiakas- ju v — }
! :
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R

T

Rl VT S
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Kuva 3. Prosessimallin 1&htékohtana olleen prosessikartan karkea osittelu (Prol T-prosessimalli)

Prol T-prosessimallissa on kéytetty IDEFO-prosessin mallintamigérjestelmaa. IDEFO-mallien
peruskasitteet ovat seuraavat (ks. kuva 4):

§ Toiminto muuntaa sy6tteen tulokseksi. Toiminnon toteutusta maérda ohjaus, ja toimin-
non suorittaa mekanismi. Toiminto kuvataan |laatikkona.

8§ Sydte voi ollaesimerkiksi materiaalia, tietoa tms., jota toiminto muuttaa tulokseksi.
Syé6te kuvataan toimintolaatikkoon vasemmalta tulevana nuolena

8 Tulos voi olla esimerkiksi materiaalia, tietoatms., jota toiminto tuottaa syttteesta. Tu-
los kuvataan toimintolaatikosta oikealle menevéna nuolena.

§ Ohjaus ohjaa toiminnon suorittamista muuttumatta itse osaksi tulosta. Ohjaus voi olla
esimerkiksi suunnitelma, ohje tms. Ohjaus kuvataan toimintolaatikkoon ylh&alta tule-
vana nuolena

8 Mekanismi on toiminnon tekij&, esimerkiks organisaatio tai henkil6, tai se voi ollavé-
line, jota kdytetdan toiminnon suorittamiseen, essimerkiks kone tai tietokoneohjelma.

Mekanismi kuvataan toimintolaatikkoon alhaalta tulevana nuolena
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Toimintomalli voidaan jakaa hierarkkisesti eri tasoille siten, ettéa koostumuksen seuraavalla
alemmalla tasolla kukin toiminto voidaan jakaa edelleen osatoimintoihin. Jakoa voidaan jat-
kaa aaspéain halutulle detaljitasolle (ks. kuva 4). Koko mallin juuri on yks toiminto seké sen
syotteet, tulokset, ohjaukset ja mekanismit, joilla kuvataan koko mallin ymparisto.

FH&kEsnee] Oraus
Spdin Fukas
— Tarmnio —r
:
{Tiokifif, sovedus, _. Frosessikaavioiden

hisrarkia

Daaproseasin Kagvio

Kuva 4. Prosessimallin perusosat (Prol T-prosessimalli)

Tietoa kasittelevat ja varastoivat jarjestelmét (toimistoautomaatioj arjestelmat)

Toimistoautomaatiolla hoidetaan kaikki tulostettavat asiakirjat, kuten arkistoitavat paperit,
materiaalit, muistiot ja poytakirjat. Naita tuotetaan paésaantoisesti sdhkoisessa muodossa
Tekstinkasittelyn, taulukkolaskennan ja kustannuslaskennan tyokalut ovat yleisessd kéytossa.
Uudet ohjelmaversiot ovat entist& monipuolisempia ja hel ppokéyttdisempia tehoonsa ja omi-
naisuuksiinsa nahden. Internet-liittymét ovat tulleet osaksi em. ohjelmia. Ohjelmiin on tullut

mukaan my0os téarkeitd dokumenttien hallinta-, arkistointi- jaryhmétydominaisuuksia.

Projektinhallintaohjelmat luetaan kuuluvaks tietoa kasitteleviin jarjestelmiin. Projektinhal-
lintgjarjestelmét auttavat aikataulun suunnittelussa ja siina pysymisessa. Projektien suunnit-
telun avulla tehostetaan resurssien kayttoa ja projektin ohjausta seka voidaan vahentéa riske-
ja Riskianalyysin avulla jérjestelmé nayttda etukateen graafisesti ne paikat, jossa ohjausta
tullaan tarvitsemaan. Halytykset ohjaavat kayttgjda tekemaan ohjaustoimenpiteitéa ennen on-
gelmien syntymista

Mita enemman kaikki se ty0, jonka tulee hoitua s&anndnmukaisesti, voidaan siirtda koneitten

ja ohjelmistojen hoitoon, sitd enemman ihmisilla vapautuu voimavaroja vaativampiin teht&
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viin (Stahle ja Gronroos 1999). Organisaation pitdisi pyrkia varastoimaan tietoa tehokkaasti
eri keinoin, silla usein organisaation kriittisin tieto kdvelee ulos tyopéivan paatteeks (Ben-
bya et al. 2004).

Tietoa jakavat jarjestelmat (kommunikointi)

Stahlen (1999) mukaan tietotekniikka voi edistdé verkostoitumista, koska se toimii henkilo-
kohtaisen tiedonhallinnan valineend Mitd enemman kontakteja ihmiselld on, sitd voimak-
kaammassa tiedon virrassa han el@éa. Silloin hanella on vélttamétta oltava sellaisia valineita,
jotka eivét ainoastaan etsi hanelle tarvittavaa tietoa, vaan my0s priorisoivat ja lgjittelevat sita
hénen puolestaan.

Yhteistyd on merkittdva aspekti projektityoskentelyssa, ja on erityisen tarkeda kiinnittéa
huomiota erilaisiin tietoa jakaviin ja vélittaviin jarjestelmiin. Egbun ja Botterillin (2002) mu-
kaan virtuaalisista tiimitydasemista on saatu hyvia kokemuksia. Tydasemiin on liitetty vi-
deoneuvotteluvarustus, multimediaviestien |dhetys- ja vastaanottomahdollisuus, jaetut piirto-
taulut, dokumenttien skannausmahdollisuus, videoiden nauhoitusmahdollisuus, ryhmétyoka-
esimerkiks ilmaisen Messenger-ohjelman avulla. Kehittyneempié versioita keskustelualus-
toista edustavat essmerkiks useat verkko-oppimisalustat. Vaikka on ilmeistd, ettd nama vé
lineet toimivat eksplisiittisen eli koodatun ja kirjoitettavissa olevan tiedon véalittgana, voi-
daan myos olettaa niiden liséévan hiljaisen eli kokemuksesta syntyneen tiedon siirtymista
tarjoamalla keskustelualustan projektiryhman jasenille. Nama tekniikat ovat yleistymassa,
mutta toistaiseks niiden kayttaminen rajoittuu enimmakseen yrityksen sisélle elka vield eri

yrityksista tulevien projektiryhman jasenten vélille.

Sahkdposti on yleinen tiedonvaihdon ja dokumenttien valityksen valine. Useat suunnitelmat
jaasiakirjat siirretéén sdhkopostiliitteena yksityisesti tai ryhméjakeluna. Etuja ovat tydrauha
ja automaattinen dokumenttien hallinta ja edullisuus. S&hkoposti toimii my6s 18hiarkistona.
Ongelmina talla hetkella ovat liiallinen sahkopostitulva, saantikuittausten puutteellisuus,
tietosuoja, tietokonevirukset ja roskaposti.

Projektitietopankki on tavallaan sdhkdpostin seuraava vaihe: varasto, johon jokainen voi
vieda ne tiedot, joita muut projektissa tarvitsevat ja josta voi hakea muiden tuottamia tietoja
gjankohdasta riippumatta. Merkittavia etuja verrattuna perinteiseen kopioiden |&hettdmiseen
ovat nopeus, riippumattomuus kellongjasta tai viikonpavastd seka halvat kustannukset.
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Elektroninen tiedonsiirto vahentda paperiin perustuvan tiedonsiirron tarvetta ja pienentda
kopiointikustannuksia. Rakennuttagjalla on mahdollisuus saada hankkeen kuluessa gjan tasal-
la olevaa tietoa suoraan omalta tyOpoydaltdan, esimerkiksi tyomaapéivakirjasta (mika on
tydmaan tilanne juuri nyt), tydmaakokousmuistioista ja katselmuksista (arkistossa viimeisin
jakaikki edelliset muistiot), hankinnoista (mitéa valintoja urakoitsijat ovat tehneet). Kokouk-
siin perustuvaa tiedonvaihtoa tarvitaan véhemman ja suunnitteluprosessi on nopeampi. Kayt-

tgillejatilagjille projektin www-sivut tuovat tietoa hankkeen etenemisesta.

Tietoa kiteyttavat jarjestelmat (alykkaat tietojarjestelmaét)

Laudon ja Laudon (1996) luokittelevat téhan ryhméan kuuluvaks johdon tietojarjestelmét ja
tukijarjestelmét. Nama ovat tietokoneperusteisia jarjestelmid, jotka tukevat johdon suoritta-
maa valvontaa ja padtoksentekoa tarjoamalla yhteenveto- ja poikkeamaraportteja. Korkeam-
man luokan jéarjestelmiin kuuluvat tukijarjestelmét ovat strategista tasoa tukevia jarjestelmi,
jotka on suunniteltu tukemaan paétoksentekoa hyodyntamalla kehittynytta grafiikkaa ja vies-
tintéteknologiaa

9.4 Tietotekniikan hyddyntamisen tekijat

Tietotekniikan hyodyntéamiseen vaikuttavat yksilo-, organisaatio- ja yritysverkkotason teki-
jat. Rakennushankkeissa joka tasolla on suuri merkitys, silla hankkeet toteutetaan léhes
poikkeuksetta yritysverkossa. Tietotekniikan kéyton esteitd on kirjallisuudessa luokiteltu

seuraavasti:

1. Inhimilliset esteet: Rakennusalan ammiattilaisten tietotekninen osaaminen i oleriit-
tévan hyvéllatasolla, lisdks informaatiotulva estda tietotekniikan kayttamisen tahtoa
(Samuelson 2002). Aikaisemmat epdonnistumiset aiheuttavat kyynista ja epailevaa
suhtautumi sta teknol ogi seen muutokseen (Markus 2003). Lisaks tarvitaan johdon si-
toutuminen seka projekti- ettd yritystasoilla | CT-kehityshankkeisiin — ilman t&t8 si-
toutumista harva | CT-hanke voi menestya. Voidaan myds ndhda, etté tietotekniikka
Saattaa vaikuttaa negatiivisesti tyontekijoiden tyonkuvaan — tai tyontekijét ajattel evat
sen vaikuttavan negatiivisesti (Engsbo 2003).

Rakennusalan perinteisyyden ja vanhanaikaisuuden vuoksi monet uudistukset toteu-
tuvat rakennusalalla hitaammin kuin muilla aloilla. Esimerkiksi tutkimustiedon le-

(Anumba 1998).
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2. Taloudelliset esteet: Strategiset tavoitteet elvét ole selvilla (Love 2004). Investointi-
kustannukset ovat liian korkeat (Samuelson 2002), Verkottumisvaikutus ICT:n hyo-
dyntémisessats. kayttgjat eivat ole kiinnostuneita tietotekniikan kaytosta, koska
kaikki osapuolet eivét kayta jarjestelmia (Bansler jaHavn 2004, s 271, 272).

Powellin (1992) mukaan I T-investointien kannattavuuden arvioinnin tekee vaikeaks
se saikka, ettd investoinnin hyotyja on vaikea maéritel1& laskennallisesti niiden ai-
neettoman luonteen vuoksi. Lisaks tietotekniikan kehityksen nopeatempoisuuden
vuoksi suurten investointien tekeminen on hankalaa. Tse et al. (2005) havaitsivat, etta
suurin syy olla kéyttamatta uutta tekniikkaa oli arkkitehtitoimistoissa se, etteivét asi-

akkaat sité vaatineset.

3. Tekniset esteet: Jatkuva laitteistojen ja ohjelmistojen paivitysten tarve on merkittava
este tietotekniikan kayttamiselle (Samuelson 2002). Liséks tietotekninen virallinen
dokumentin hyvaksynta allekirjoituksen avulla e ole vieléa yleisesti k&ytdssa. Toisaal-
taturvallisuus- ja yksityisyyssuojissa saattaa olla viela aukkoja

4. Tieto- jaosaamisresurssit: Projektiverkossa el ole tietoa, kuinka asiat voitaisiin jarjes-
téd Taman tiedon saaminen vaikuttaa liian hankalata jakalliilta, joten vaikkatietoa
ehk& jossakin pdin Suomea tai maailmaa olig, ei sité ole sen projektin kdytossa.



115

Tietotekniikan hyodyntamisen tekijoita

Y ksil6taso Organi saatiotaso Y ritysverkkotaso
I nhimilliset I nhimilliset Inhimilliset
— motivaatio — johtamiskulttuuri — mielipideg ohtajat
— muutosvastarinta — yhteiset asenteet — valtarakenne
Taloudelliset Taloudelliset Taloudelliset
— mahdollisuus opis- — rahatilanne — kriittinen massa
kella, esim. kayttda — projektitilanne — asiakkaan vaati-
aikaa yksilotasolla — yrityksen koko mukset
Tekniset — yrityksen strategiat Tekniset
— kéytbssa oleva jar- Tekniset — standardit
jestelma seké kotona —taman hetken jarjess  —yleiset jarjestelmét
etta tyossa telmét Tieto ja osaamis-
Tieto ja osaamis- Tietoja osaamispda-  padoma
padoma oma — verkoston erikois-
— aikaisemmat koke- — yrityksen henkil 6s- tuneet yritykset
mukset tOn osaaminen

Kuva 5. Tietotekniikan hyddyntamiseen vaikuttavat tekijat

Kuvaan 5 on kerdtty tekijoitd, jotka vaikuttavat tietotekniikan hyddyntamiseen joko estavasti
tal parantaen. Kuvassa on jaoteltu hyddyntamisen tekijét yksilo-, organisaatio- ja verkosto-
tasoon. Kussakin tasossa vaikuttavat edella kuvatut inhimilliset, taloudelliset, tekniset sekéa
tieto- ja osaamispadomatekijét. Y ksil6tasolla inhimilliset tekijét maérittévat motivaation ja
muutosvastarinnan voimakkuuden- organisaatiotasolla vaikuttavat johtamiskulttuuri ja yhtei-
set asenteet uusiin asioihin — verkostotasolla vaikuttavat alan mielipidejohtajat ja valtaraken-
teet. Vain muutamassa yrityksessa kyetdan yhteisten ponnistusten avulla toimimaan vahvo-
jen mielipidevaikuttajien gatusten vastaisesti ja Sten uudistamaan eri tavalla toimintaa.

9.5 Haasteita

Peter Loven (2004) tutkimuksen mukaan tydsuoritusten uusimisen tarve on yleinen ongelma

uudestaan tekeminen aiheuttavat aikataulun ja kustannusten ylittymista sekd perinteisissa
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urakkakohteissa etté suunnittelun sisiltaneissa urakkakohteissa. Han mainitsee lukuisia esi-
merkkeja raporteista, jotka kertovat rakennusalan hajanai suudesta, koordinoinnin ja kommu-
nikoinnin puutteesta, asiakaslahtdisyyden unohtamisesta, pelkkiin hintoihin perustuvien va-
lintojen tekemisesta ja puutteellisesta teknologian hyoddyntamisestd. Suunnitelmien muuttu-
minen toteutuksen aikana on enemman saantd kuin poikkeus. Han on luokitellut rakennus-
projektin haasteet seuraavasti: suunnitelmien muutokset, rakentamisen muutokset, asiakas,
suunnittelutiimi, tydmaan johtaminen, alaurakoitsijat, projektin keskittyminen, sopimusasia-
kirjat, projektin kommunikaatio, hankintastrategia ja suunnittelun johtaminen.

Prolab-haastatteluissa esille tulleita haasteita

Kayttaja

Kéyttgjien edustgjat pitivét suunnitteluvaihetta vaikeana prosessina. Nykyisia ja tulevia tar-
peita on hankala méaritell& ja suunnitelmien ymmartaminen on vaikeaa. Esimerkiks kaytt&
jadle voidaan antaa eteen sahkopiirustukset, joiden tekninen esitystapa on maallikolle vieras.
tistd enemman, kun useat eri suunnittelijat esittelevét hanelle suunnitelmiaan ja pyytévét niis-
td kommentteja. Mallihuoneen todettiin helpottavan ymmartamista ja nayttavan konkreetti-
sesti mista on kysymys.

Suunnittelija

Useat suunnittelijat mainitsivat suunnitteluvaiheen puutteellisen aikatauluttamisen ongelma-
na. Suunnittelijat odottivat aikataulua, jota seurataan yhta huolellisesti kuin rakennusvaiheen
aikataulua. Usein jouduttiin pdasuunnittelijan piirustuksia odottamaan liian kauan, joten eri-
koissuunnitteluun kaytettévissa oleva aika lyheni entisestéan. Suunnittelun laadun katsottiin
kérsivan, kun suunnittelijoita kilpailutetaan hinnalla. Hinta e saisi olla suunnittelijan ainut
valintaperuste. Kun suunnitteluvaiheessa tingitéan, siitd seuraa ongelmia rakennusvaihee-
seen. 1sot muutokset rakentamisen loppuvaiheessa aiheuttavat paljon lisasuunnittelun tarvetta
erikoissuunnittelijoille. Ongelmana pidettiin sitoutumisen puutetta ja ymmarrysta suunnitte-
lun luonteen muuttumisesta, joka edellyttda tiedon avointa jakamista kaikkien osapuolten
valilla

Rakennuttaja

Rakennuttgjat arvostelivat suunnittelun huonoa laatua, minka katsottiin aiheutuvan tarkistus-
vaiheen puuttumisesta. Rakennuttgjalla el ole aikaa paneutua riittévasti kaikkeen. Ennen
suunnitelmat tarkistettiin suunnittel utoimistossa ennen niiden lahettémista tydmaalle. Suun-
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nitelman tulis olla niin paljon tietoa siséltéva, ettd myds asiaa tuntematon henkild pystyy
suunnitelmia tulkitsemaan. Hyvana vaihtoehtona mainittiin yhteistydhon tottuneen suunnitte-
lijaryhman kayttamista. Toteutussuunnittelun johtamista pidettiin vaikeana ja haasteellisena
tehtéavana.

Urakoitsija

Myos urakoitsijoiden kommenteissa mainittiin suunnittelun hinnan kilpailuttaminen, mika
johtaa suunnittelijoiden puutteellisiin resursseihin tehda huolellisia suunnitelmia. Yleensa
joudutaan tekemdan mahdollisimman véhéan piirustuksia. CAD-suunnitelmien katsottiin enti-
sestddn huonontuneen, vaikka menetelmén odotettiin parantavan suunnitelmien laatua.
Suunnitelmia el ole yhteensovitettu eri suunnittelijoiden kesken mitenk&én. Suunnittelijoiden
ja tydmaan vélisen kommunikoinnin puutteita myds mainittiin. Y hteydenpidon kerrottiin
olevan puhelimen ja faxin varassa. Muutoksista aiheutuu paljon ty6ta ja pdanvaivaa, jolloin
kirea aikataulu aiheuttaa pééllekkaisia tyovaiheita ja loppuvaheessa tybmaalla voi vallita
tays sekasorto. Laatujarjestelman katsottiin aiheuttaneen hyvaa ja huonoa, kuten lisdantynyt-
t& paperitydon maarda. Kunnollisen tiedonvaihdon vaatimuksina pidettiin ihmisten kohtaamis-
ta, tiedonvaihdosta jédvaa dokumenttia ja havainnollisuutta. Kohteissa, joissa rakennusliike
on osallistunut suunnitteluun ja sithen kaytettiin riittavasti aikaa, e ole ollut toteutusaikana
ongelmia.

Mihin haasteisiin tietotekniikka on vastaus

Rakennusprosessin kehittémisen haasteisiin voidaan vastata tietotekniikan avulla:
§ Suunnitelmien muutokset
0 suunnitteluprosessia kehittdmalla. Suunnittelijat suunnittelevat rakennuksen
tuotemallin yhteistydssa. Suunnittelun koordinointi paranee.
§ Urakoitsijan tekemét muutokset
0 rakennettavuusanalyyseilla. 4D-suunnittelu mahdollistaa tuotantovaiheen si-
muloinnin suunnittelijan ja urakoitsijan yhteistyona
§ Asiakkaasta johtuvat muutokset
0 asiakadahtdisyyden liséémisella Tuotemallin kdyttdminen visualisointeineen
hel pottaa asiakastarpeiden maérittelemistd, tuotemalli mahdollistaa myos ra-
kennuksen elinkaarikustannusten optimoinnin.

§ Suunnittelijoiden ja tydmaan vélinen yhteisty®
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0 kommunikaatiota liséamalla Videoneuvottel utekniikoiden kayttdminen suun-
nittelu- ja rakentamisvai heessa mahdollistaa nopean tietojenvaihdon, mika
vaatis usean osapuolen matkustamista kokoukseen.
§ Alaurakoitsijat jatyémaan johto
0 projektin reaaliaikaisuutta lissamalla. Projektipankin kayttd, kaikilla osapuo-
lilla.on kaikki ajan tasalla olevat dokumentit saatavilla mihin vuorokauden ai-
kaan tahansa. Tiedon lukemisesta j&& jalki.
§ Hankintatoimi
0 sdhkadisella hankintatoimella. Maaréluettelot saadaan tuotemal lista automaeat-
tisesti ja virheettomasti, tuoteluettelot ja nimikkeet [6ytyvét internetistd, han-
kintajarjestelmissa ovat valmiit toimittajatiedot ja tiedot aikai semmista han-
kinnoista hintoineen.
§ Kokemuspankki
0 ohjaugjarjestelmiakehittdmalla Voidaan tallentaa hyvia kaytantoja, tydohjeis-
tugta, tyoturvallisuutta edistavia ™ laheltapiti” - tarinoita, projektien loppukes-
kustelut ja muita kokemuksia. Edellyttda avoimuutta ja halua kertoa omista
kokemuksista. Sisdinen kilpailu voi estda, koska halutaan olla yritykselle
" korvaamattomia’ .
§ Rakentamisen maine
0 julkisen rakentamisen esimerkillisyytté parantamalla. Kun ammattirakennutta-
jat patevoityvét néiden menetelmien kéytdssa, pienet ja kertarakennuttajat
seuraavat esimerkkia.

9.5 L oppupaatelmat

K ehittamismentelmia

Tietotekniset valineet
Kaikki tietotekniset valineet, jotka tukevat ja helpottavat ihmisten vélista vuorovaikutusta, on

syyta ottaa kéyttéon. Vaikka orgaanisen toimintaympériston tieto on padasiallisesti piilevéa
ja kokemuksellista, se vélittyy helpoimmin puhumalla ja toimimalla yhdessa. Tietotekniikka
voi kuitenkin hel pottaa kommunikaation yll&pitoa ja sujuvuutta (Stéhle & Grénroos 1999).

Tuotemallit (BIM)
Tuotemallin saavutukset alkavat olla selvasti néhtavissa tuotemalliin perustuva mééréas-

kenta on yleistynyt, suunnitelmista on saatu havainnollisempia ja niiden tarkastaminen on
mutkattomampaa. Ennen kaikkea tuotemallintamisesta on tullut lagjasti tunnettu toimintata-
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pa, jonka tulevaisuutta harva enégé kyseenalaistaa. Nyt ollaan vaiheessa, jossa tyon tulokset
ollaan ottamassa kattavasti kayttoon. Tata helpottavat paits suunnitteluohjeet ja tuotekirjas-
tot, myos erityisesti rakenne- ja taloteknisen suunnittelun nopeasti kehittyneet ohjelmistot.
Nykyiset ohjelmistot tekevdt mahdolliseksi esimerkiks tormaystarkastelut, maaréluetteloi-
den tulostamisen tuotemallista, aikataulusuunnittelun ja visualisoinnin.

Tavoitteena on luoda lagja eri materiaaliryhmien tavanomaisimmeat rakenneratkaisut kattava
kokonaisuus, joka on aina gan tasalla ja helposti kéaytettavissa. Kirjastojen kayttoa tuetaan
parantamalla my6s mallintamisohjeita arkkitehti-, rakenne- ja taloteknisessa suunnittelussa.
Pro IT -tuoterakenteita aletaan julkaista osana RT-kortistoa vuoden 2006 alkupuolella. (Pro
IT 2005.)

Sahkoinen litketoiminta

Internet-kaupankaynti tapahtuu www-kauppapal velinsovellusten avulla, joilla kustannukset
ovat pienemmét kuin vanhaksi kayneissa EDI-jarjestelmissa (Electronic Data Interchange).
EDI on tapa valittda tietoa sahkoisesti. Suomeksi EDI:std kéytetddn nimea OVT eli organi-
saatioiden vélinen tiedonsiirto. Tuoteinfo-, linkitys- ja tukipalveluominaisuudet ovat myos
kehittyneet ja maksuliikenne voidaan hoitaa reaaliaikaisesti. Internet tulee antamaan erin-
omaiset mahdollisuudet urakka- ja tarjouspyyntomenettelyille sekéa tuoteosakaupalle. Inter-
netin kautta voidaan jarjestéd myds tehokkaita kuljetusten logistisia jarjestelmid, jotka luovat
tulevaisuudessa rakennustuotekaupallekin uudet ulottuvuudet. Maksuliikenteen turvallisuus
Internetissa on jo p&dosiltaan ratkaistu luottokorttiyhtididen Suomessakin hyvaksymalla ta-
valla maailmanlagjuisesti.

Rakennusalan liiketoiminta

Liiketoiminnan mallit rakennuttamis- ja suunnitteluprosesseissa muuttuvat perusteellisesti
Uusien kilpailuvalttien 16ytdminen ja "vaativan asiakkaan malli" niin Suomessa kuin kan-
sainvalisestikin tulevat pakottamaan uuden tekniikan k&yttdonottoon. Tietoturva esitetdén
usein Kriittisena tekijana internetin kéytdssa. Voidaan kysya myos, ovatko perinteiset kopi-
ointi-, l&hetys- ja arkistointitavat riskittomia tai mitka tiedot todellisuudessa ovat salauksen

tarpeessa.

Yhteisten pelisdanttjen tarve (RAKLI, 1998)
Rakennusalan eri osapuolien ohjelmistot poikkeavat toisistaan ja tiedon standardoitu esittd-

mistapa on vielé kehitystilassa. Standardien puuttuminen vaikeuttaa tiedon yhtel skayttoisyyt-
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t& MyoOs menettelytavat ovat vield kehitystilassa. Jotta hankkeessa toimittaisiin kuitenkin
alusta lahtien mahdollisimman yhtenédisesti ja rutiininomaisesti, tulisi hankkeessa noudatet-
tavista toimintatavoista sopia jo ennen suunnittelutyon aoittamista. Nan saadaan suurin
hyoty projektin tietokeskuksesta ja vétytdan turhalta tyolta ja muutoksilta yhteensopi-
vuusongelmien vuoksi. Kaikkien hankkeessa mukana olevien osapuolien tulisi olla mukana

sopimassa pelisdantoja

Tietotekniikan mukaantulo rakennushankkeen suunnitteluun, méarélaskentaan, kustannus-
tenhallintaan, rakennuttamiseen ja my6s tydmaan hoitoon, antaa uusia mahdollisuuksia halli-
ta rakennushanketta. Toisaalta se on my0ds uhka, mikai osapuolet eivat hallitse kayttami&an
ohjelmia, eika projektin Igpiviemisesta e ole selkeita ohjeita. Integroidun suunnittelun ja
toteutuksen laatuohje on vattaméattomyys rakennushankkeen ohjauksessa. Rakennuttgja tai
muu rakennushanketta johtavan taho huolehtii, ettéa suunnittelu ja myéhemmin rakentaminen
etenevét sovitullatavallaja asetettujen laatu- ja aikatavoitteiden mukaisesti. Hankkeen johta-
jallaon kaytettavissdan seuraavat vélineet ja keinot hankkeen menettel ytapojen kirjaamiseen
jatietovirtojen ohjaamiseen:

§ suunnitteluaikataulu

§ IT-organisaatio

§ CAD-integraatio-ohje

§ projektin tietokeskusohje

§ sovittu piirustusten tulostus- ja jakel ukaytant®

§ sovittu muutoskaytanto

§ tydmaan piirustustarvel uettelo.

Tiedonhallintaa pitéa kehittda koko rakentamisen ketjussa siten, ettd kerran tuotettu tieto on
hyodynnettéavissi koko prosessissa. Rakennuttamisen ja koko rakennushankkeen kannalta on
erittéin tarkeds, ettd hankkeen kaikki osapuolet hallitsevat hyvin oman osansa prosessista.
Tietoteknisessa toteutuksessa tama on erittain tarkeds, silla jos yksikin lenkki tietovirran
tuottamisessa on heikko, koko ketjun toiminta hériintyy. Rakennushankkeelle olis eduksi,
mikali osapuolet tuntisivat toistensa toimintatavat ja integroitu projektityoskentely olisi osa-
puolille tuttua.
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ABSTRACT

All people working in construction business have been
involved in such projects where costs have exceeded the
budget enormoudly, where timetable has been drawn out
causing disadvantages for the project, and where the end
results proved to be useless or even unhealthy for people.
The knowledge management in construction projects fails
and there is no commitment to improve the process by
giving the lessons learned available to be applied in future
projects.

The aim of this paper is to study what kind of learning is
required in public construction projects and how the
Information and Communication Technologies (ICTS)
currently support the learning. We study how the ICTs in
optimum case could support the learning. Our paper is a
qualitative research study looking into the issues of
learning among existing construction team members. The
work is based on four case studies in public construction
projects in Finland in three different towns and on
literature review. The cases reveded that though ICT is
used in the processes it could be used more effectively in
assisting the learning of the parties and in confirming that
the required learning has occurred. Now the tools help to
visudize and distribute the knowledge but there are no
tools that check the reaction of the reader or obtain any
feedback how well a person has learned and applied it to a
business problem.

1. INTRODUCTION

Construction professionals are working in complex and
heterogeneous networks that consist of humans and various
artifacts. Actually, the design process of anew building isa
learning process where the parties learn from each other.
For example, the architects learn from the representatives
of the users how the building shall be used, and the users
learn from the professionals of the construction industry
how the building can support their operations. The site
personnel learn how the designers plan the building should
be built. The site personnel and the designers have realized

the benefits of recognizing the best practices and lessons
learned of the previous projects. The teams could avoid
working continuously on similar kinds of problems in the
future by using the knowledge of the past projects.

Using the knowledge of past projects require changes in
the organizationa level. In the organizational level Nonaka
and Takeuchi (1995) have investigated the relationship
between tacit knowledge and explicit knowledge and have
described four phases of knowledge conversion (1)
externalization: from tacit to explicit, (2) combination:
from explicit to explicit, (3) internaization: from explicit
to tacit and (4) sociaization: from tacit to tacit. Woelk and
Agarwal (2002) suggest that there are the fifth and the sixth
phase as well. The fifth is (5) cognition: applying tacit
knowledge to a business problem. It means how people can
be provided with performance support by getting just the
training that they need at the time that they need it to
complete a business task. The sixth is (6) feedback:
concerning how well a person has learned and applied it to
abusiness problem.

The evauation of the cognition and the feedback

concerning how well a person has learned and applied it to

a business problem are quite complex tasks like the

evaluation of knowledge and knowledge management.

Davenport and Prusak (1998) addressed the evaluation of

the knowledge by the decisions or actions to which it leads.

Better knowledge can lead, for example, to more efficient

product development and production. Knowledge is aware

of what it doesn’ t know.Since what you don’ t know can
hurt you, this awareness is important.

The second way of quantifying the economic returns of
knowledge management according Davenport et al.(1997)
have defined some indicators of success to evauate the
projects they have explored. In interviewing the managers
of knowledge projects, they didn’ t ask if they felt their
projects were successful. They did, however, ask about the
indicators of success described below. The presence or
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absence of these indicators allowed them to differentiate
clearly successful projects from those that were not
successful, i.e., likely to fail or not yet showing signs of
success. The indicators they used included:
growth in the resources attached to the project
growth in the volume of knowledge content and usage
some evidence of financial return
the likelihood that the project would survive without
the support of a particular individual or two, I. e. the
project is an organizational initiative, not an individual
project

According Shelbourn et al. (2006) experiences have shown
difficulties in capturing, storing, sharing and re-using all
the information and knowledge relating to and arising from
a construction project. There are no mechanisms or
processes to foster the social interaction required to give
any shape or form to it. Lindvall et al. (2002) discovered
the situation in software organizations like the need of
knowing ‘ who knows what’ , the need for distance
collaboration, and the need for lessons learned and best
practices. This has led to a growing call for knowledge
management (KM). Knowledge sharing and organizational
learning can happen ad-hoc. It is, however, more efficient
if organized. The amount of information and knowledge
and the dynamic evolution of information make the use of
software tools not an option, but a necessity.

If wisedly used ICTs may have an important role in
answering these chalenges. From the viewpoint of
cognitive science, it is narrow-minded to understand
learning as a process of delivering information and material
to people by the means of ICTs or other ways. This
assumption greatly oversimplifies and distorts both the
concept of knowledge and concept of learning.

The aim of this paper is to study how the Information and
Communication Technologies (ICTs) currently support the
learning in public construction projects. We study what
kind of learning is required and how ICT supportsit and in
optimum case could support the learning. The paper
presents the used research method, how learning is
supported by ICT in the cases and in theory. The cases
revealed that though ICT is used in the processes it could
be used more effectively in assisting learning of the parties
and in confirming that the required learning has occurred.

2. METHOD

Our paper is a qualitative research study looking into the
issues of learning among existing construction team
membersin order to identify the need to learn and how ICT
isused to aid learning. The work is based four case studies
in public construction projects in Finland in three different
towns and on literature review. The inhabitants in these
towns vary between 23000 to 185000. The four
construction projects we have been studying were:

Renovation of a school that had mould problems, total
area 7000 m? and budget of 4 Million euros. Project
started 1997 and ended 2002.

Renovation and partly new construction of a school that
had mould problems, total area 3000 m2 and budget 2.7
Million euros. Project started 1998 and ended 2005.
Hospital for senior citizens, the renovation of the
nursing home, total area 7000 m2 and budget 5.7
Million euros. Project started 1996 and is still on-going.
University project, 24000 n?. Alteration of an old
factory into a university and partly new construction.
The project started 1997 and finished at 2004.

We used theme interviews as a means to collect
information but we have also collected artefacts of the
projects like drawings, memos, and observed the meetings
in two projects. We had action research in two towns —
there we discussed new ways of organizing the knowledge
management in the construction projects. This action
research ended with the first town in 2005 and with the
other town in 2006. This paper describes learning needs
and ICT support on learning that we have identified among
the four case studies.

3. EXPERIENCESAND CHALLENGESIN CASE
PROJECTS

End user

The major chalenge in the case project was that in the

building projects there were people to whom the project is

once in the lifetime project. These people had no

background knowledge and they needed to learn what kind

of information they need to deliver to the professionals also

the professional s need to learn from them.
“End user 1: All the technical drawings were
discussed in one meeting and | felt very confused
because | didn’ t understand theéechnical conduitsin
their design papers. It was difficult to check if the
plans are good enough and if the rooms and spaces
will fulfil our future needs.”

Project manager
The project managers frequently talked about losing the
goa of the design and how they did not manage the design
process well enough. Also they could tell that document
management was not done as well as it could be. The
checking of the solutions should be made properly — the
designers couldn’ t see their own mistakes. The project
managers also told about the difficulties they had in
producing working drawings since the changes were
realised at the very last moment in the requirements.
“ Project Manager 1. Though CAD-systems should
improve the quality of the design it appears that the
quality has became even poorer than before. There
are too much things, dimensions and texts in the
drawings so that they are not readable anymore. The
CAD-systems influence also that only one person in
design office makes the drawings and no others
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check if the drawings are understandable like it was
before when they had a designer making the drafts
and another person who made the final drawings.
Design schedules are so challenging that it is
impossible to give end users enough time to comment
on the solutions and the professionals to double
check the solutions.”

Designer
The designers said that they had to wait too long for the
final plans of the main designer. They longed for a
controlled timetable for design. Also competition on price
was found to be a reason for poor design quality. The
designers also talked about the reasons for changes:
special designers don’ t always understand the needs of
the end user.
end users change their minds
designersdon’ t aways understand each other
solutions are not introduced properly for end users.
“Designer 1: The schedule was so tight that we had
no chance to check the compatibility of the solutions
of different designers.”
“ Designer 2. They may make on last week big
changes for example tubs and basins can be moved
to another room and two rooms can be mirrored.
The project consultants don’ t even understand the
big amount of extra work it makes for designers.”

Site personnel
The contractors found out that the design quality was not
good enough — when the work starts there are a lot of
details lacking. The site mangers wanted a better
relationship with the designers. They explained if they
could be involved during the design process there would be
less mess during construction. It will also minimize the
congtructability problems. Quality systems require
documents of many situations but many site managers
think it is pure bureaucracy and partly the benefits are not
visible from the process point of view.
“ Ste Manager 1: The men and the materials are
waiting on site and there are no drawings how to
construct. Often we need to decide on site how to
solve problems for example to get big air-condition
machines inside to an old building. It causes a
catastrophe and a lot of extra costs if we open roofs
and walls afterwards for machine installations. Such
things should be planned by designers beforehand
and not suddenly at site. And the schedule problems
arethe worst of all.”

“ Ste Manager 2: There vas nobody controlling the
design phase, which is the simple reason for the
problems. Nobody was skilled enough and nobody
had time to control the design. The checking task is
not easy; it means demanding the relevant plans on
time and checking their constructability. Nowadays
the plans are still under preparation though the
building should be ready in a short time.”

“ Ste Manager 3: We should never accept ” a faxed
plan” (atemporary drawing which is sent by fax). If
we, however, accept them, the changes should be
always added into the official drawings. Now we
have even about five folders full of faxed plans. It is
too difficult then to find the up-to-date information
and to remember which drawings are changed by
faxed plans.”

What kind of ICT toolswere used in Case projects?

In the case projects there were CAD-software, emails,
project management systems, office automation systems
like word processing and spreadsheets and in some projects
project databank and web based procurement systems. The
cost estimates were created by computer software and all
the companies used computer based accounting systems,
some of the contractors used web based invoicing system.
In one renovation project there was a laser based
measuring system. The biggest contractors have the
Enterprise Resource Planning — systems (ERP). Video
conferencing systems were used in one case project.

How they supported learning

The current computer systems are not yet utilized so
effective that they support the learning as effectively as one
would wish to. The ICTs support learning in visualizing the
plans by 3D models or simulations but aso they are
presented in face to face discussions. The modelling and
product modelling were not yet common tools in our case
projects. The email system works well for communication
and for archives files. The project databank improves the
efficiency of the project because there are aways the
newest drawings on hand and as well as all the information
of the designers and subcontractors and other people
involved in the project. Only one of the case projects had a
project databank in use. The project management system
contains al the decisions made in the project and the
history and the main things of the project can be used to
another similar project. There can be descriptions of the
tasks, best practices and even dangerous situations which
can be used and avoided in future projects.

Video conferencing was used only in one of the projects
we discovered. But however the wireless computers or
phones could improve the efficiency of a field based
workers such as the dite personnel with access to
information (audio, video or data) they require. They can
have video conferences with office based experts or
colleagues, to obtain advice or provide such advice.

Artefacts

Project based work uses both material and conceptual
artefacts. Congtruction project workers use design
documents, time-tables, cost estimates and other secondary
artefacts to help the thinking and to carry the knowledge to
other parties. All the design documents, even the 3D
models, are secondary artefacts. There were aso found



tertiary artefacts: the model room, the space definition
cards. These were created in order to help people to test the
theories before realization. In the project there were several
primary artefacts like phones, computers, etc. that make the
working more efficient and effective.

Lonka (2005) found a correlation between the possible
success of the project and the quality of artefacts in a
project. The creation of artefacts is strongly related to the
project success. The better quality of conceptual artefacts
made the project a better project. One should look for the
problems first and then look for the solutions, not vice
versa. Processing at the level of theories is necessary
condition for project success.

Challenges

- The end-users of the buildings need more visua
presentations of the designed building. They have no
experience to determine how many square-meters they
need space for their activities. They need to learn
everything what is needed in construction project. 3D-
modeling of the future building is one possible
solution to this problem.
The site personnel are concerned about things they
have not noticed and which are written only in
someone’ s private papers. Project Intranets and other
document management systems could eliminate this
problem. It would enable to immediate access to the
tender documents, the latest version of the document
like drawings and other design documents.
Well-known are the jargon problems where people of
different branch don’ t understand each others but even
two specialists speaking on the phone are not always
able to understand others meaning if they don’ t know
each other personally. Communication during more
visua device like desktop video conferencing and
phones, web-cameras and video-cameras could help in
those situations.
The designers of the projects emphasize the
commitment and trust between members in
construction projects. Experienced designers are able
to know what kind of information there is needed but
sharing the information is not clear because of, for
example, tight competition of prices when selecting
designersfor the project.
The constructability problems are common in our
interviews. By means of 3D-modelling and model-
checker software it is possble to check the
compatibility of different designs and by means of 4D-
modelling to check and optimize the schedule of
installations on site.

4. KNOWLEDGE AND LEARNING IN
ORGANIZATIONS

A central aspect of collaborative knowledge building is to
create shared knowledge objects, such as ideas, building
designs or functiona plans, engage an intensive

synchronous and asynchronous interaction among the
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participants for further developing and building on them,
and to re-use the emerging knowledge later on for solving
new problems or reflecting on the process. An important
issue is to know who knows what but according to Huber
(1991) organization often do not know what they know. The
dissemination of information or knowledge in an
organization is prevented due to several reasons. Based on
literature Huber (1991) presents following statements of
dissemination of information in the organization:

A. The probability that organizational member or unit A
will route information to member or unit B is;

1. positively related to A's view of the information's
relevanceto B,

2. positively related to B's power and status,

3. negatively related to A'sview of A's costs of routing
the information to B,

4. negatively related to A's workload,

5. positively related to the rewards and negatively related
to penaltiesthat A expects to result from the routing,
and

6. positively related to the frequency with which A has

previously routed information to B in the recent past.

B. The probability or extent of delay in the routing of
informationby A to B is:

. positively related to A's workload,

2.

positively related to the number of sequentia linksin
the communication chain connecting A to B, and
3. negatively related to A's view of the timeliness of the

information for B.

C. The probahility or extent of information distortion by A
when communicating to B is:

1. positively related to A's view of the consequent
increasein A's goal attainment that will result from the
distortion,

2. negatively related to the penalty that A expectsto incur
as aresult of introducing the distortion,

3. positively related to the amount of discretion allowed in
the presentation format,

4. positively related to the difference between the actual
information and the desired or expected information,

5. positively related to A's work overload, and

6. positively related to the number of sequential linksin

the communication chain connecting A with B.

The dissemination of information is very important in a
congtruction project. It is important to understand
importance of rewarding in time delivery and the work
overload of people. Also we should pay attention to how
easy it isto deliver the relevant information to every party.

Knowledge creation does not happen only by working with
pure knowledge but working with different types of
artefacts. According to Wartofsky (1979), primary
artefacts are tools and practices directly used in human
labor and other activities (like knife or telephone).



Secondary artefacts are "symbolic externalizations' or
"objectifications' of primary artefacts and used in
transmission of the acquired skills and modes of action
(e.g. drawing or other working documents). He
distinguished, further, tertiary artefacts that are derived
and abstracted from secondary artefacts and which are
relatively independent of on-going praxis and provide a
basis of creating visions and foreseeing changes and
transformed future states of affairs (theories how things are
in general). It is plausible to assume that these artefacts are
transformed to each other in a sustained process of building
knowledge.

Bateson' s (1978) has defined that there are three levelsin
any communicative system. At the first level are
straightforward * fact’ statements (verify to the primgr
artifacts). A discontinuous shift in context occurs at the
second level. © Thereisagulf between context and message
(or between metamessage and message) which is of the
same nature as the gulf between a thing and the word or
sign which stands for it, or between the members of a class
and the name of the class.” At the third level, the gulf
appears in evaluating the context itself Star and Ruhleder
(1996) give the following examples of these levels: “ Level
one statements appear in their study: * Unix may be used to
run the software’ . These statements are of a different
character than a level two statement such as * A system
developer may say Unix can be used here, but they don’ t
understand our support situation’ . At the third level, the
context widens to include theories of technical culture:
* Unix users are evil- we are Mac people’ " Bateson (1978)
found out that people often talk in different levels and then
their talk may be misunderstood and the communicators do
not meet each other. In our case studies the end-users
prefer to talk about the facts and their theories of using the
building and the construction professionals about the
constructability issues often in the level two using the
design drawings. The collaboration is so seldom very
effective since the level of conversation is different.

Shared working supported by collaborative technology
facilitates working with secondary and tertiary artefacts.
'Collaborative technology' refers to groupware and network
environments as well as associated teamwork methods that
allow the participants to produce knowledge to a shared
working space. This kind of technology enables the users
to rely on socidly distributed intellectual resources
embedded in the workplace community while conducting
various kinds of projects (Hakkarainen et a. 2001). These
kinds of environments are critically important because not
only scientific communities but also modern knowledge-
intensive construction companies are focused on systematic
work for creating new knowledge. Huysman (2000)
discusses the four learning biases within the organizational
learning literature. These biases can be defined by the
following questions related to learning: who, how, when
and why. The individual learning bias (who) defines if the
learning is done by an individual or by an organization.
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The active agency bias (how) explains if learning is
voluntary or determined. Purposeful learning bias (when)
handles the issue whether the learning is purposeful or
accidental. Huysman states that the general view towards
organizational learning is that learning is purposeful. The
improvement bias (why) refers to the tendency to perceive
learning as resulting in positively valued outcomes, treating
other outcomes of the same process as less or even not
relevant.

According to the questionnaire the participants of a
construction project of a school claimed that they had
learnt several things during the design of the school
(Haapalainen & Naaranoja 2005). First, they had learned
the importance of communication and understanding other
parties in the project. Some participants felt that they had
learnt about project work and project management in
genera and the third group of answers was related to
learning about concrete issues related to construction and
school work. It is likely that all the learning could be made
more purposeful and the ICT tools could help in this.
(Haapalainen & Naaranoja 2005)

It is the common experience of all construction industry
professionals that problems are resolved in one project or a
new solution developed, but that these lessons are not
learned. Too often the same problem recurs in another
project because nothing has been done to eliminate the
cause of the problem and, because the team is different, the
issue is again dealt with from scratch. A commitment to a
continuous improvement process should mean, at best, that
the problem does not occur more than once, but at least that
the lessons learned from overcoming it the first time are
available to be applied in future. Similarly it means that
successes and innovations that are developed in one
environment need to be available to be used on other
projects. (Orange, Cushman & Burke 1999.)

5. ICT SUPPORT ON KNOWLEDGE
MANAGEMENT

Figure 1 shows layered knowledge management system
architecture based on Lawton, (Lindval, Rus & Sinha
2003). It is made for a software organization but there are
many similarities to apply it in construction project. KM
services provide tools for data and knowledge discovery
and collaboration services. Through portals, knowledge can
be distributed to different users and applications, such as e-
learning, competence management, intellectual property
management, and customer relationship management.

Document M anagement

In terms of knowledge management, the documents
produced by organizations represent their explicit
documented knowledge. Common needs in construction
project are related to identifying the latest version of the
document like drawings and other design documents.
Document management systems can aid learning
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Figurel. KM architecture model based on Lawton (Lindvall et al. 2002)

organizations that need to capture and share process and
product knowledge. Most artefacts guiding a project and
being developed during a project can be represented as
documents and are the main explicit assets of the
organization and can enable transferring knowledge from
experts to novices. It should also be clear that it is not
enough to simply create more and more data on computer
systems. This data needs to be accessed and evaluated,
critiqgued and used. Organizations are identifiable by the
way people develop their own skilful practices drawing on
and sharing data and information resources (Lindvall et al.
2002).

Collaboration Services

Delivering the right information at the right time is one of
the major objectives of knowledge management. To
achieve this, employees need to collaborate and
communicate, especially when people work in an
environment that is distributed in time and space. A
common practice is to use a tool to share a document in
real-time so that two or more geographically distributed
groups can see and hear the same presentation. In
construction projects the role of knowledge management
and communication is particularly important since the
participants come from many companies and have quite
diverse backgrounds.

Current research on distributed knowledge processes
suggests a critical conflict between knowledge processes in

groups and the technologies built to support those (Kanfer
et al. 2000). Authentic and efficient knowledge creation
and sharing is deeply embedded in an interpersonal face to
face context (Kanfer et al. 2000, Naaranoja et a. 2005), but
ICT technologies to support distributed knowledge
processes rely on the assumption that knowledge can be
created mobile outside these specific contexts.

Knowledge Portals

Lindvall et a. (2002) found a study that people in software
organizations like other organizations spent 40% of their
time in searching for different types of information related
to their projects. It can be assumed that the time is big
enough even in construction organizations. For example
designers and the project managers use many different
computer-based information sources. These information
sources need to be integrated and accessed through a
common and personalized interface. Portals creaste a
customized single gateway to a wide and heterogeneous
collection of data, information, and knowledge. The items
that are typically included in the portals consist of business
intelligence, content and document management, enterprise
resource planning systems, data warehouses, data
management applications, search and retrieval of
information. A portal is the next evolutionary step in the
use of web browsers (Uden & Naaranoja 2006).

E-learning



Knowledge management aims to help people acquire new
knowledge, as well as package and deliver existing
knowledge through conscious learning. E-learning is a
relatively new area that includes computer-based and on-
line training tools. E-learning systems often include
collaboration tools and support for different types of
content, i.e, video, audio, documents etc. Knowledge
could be deivered through a variety of presentation
devices including web browsers, PDA’ s and cell phones.
This enables the project person to receive the knowledge
when it is needed regardless of where they are and what
they are doing. E-learning will be delivered as small,
focused learning objects to fit the format of the
presentation devices (Woelk & Agarwal 2002.) This
technology could aid the learning in construction projects
also.

E-learning offers many kind of advantages for learning
which are different from other ways of learning. A wave of
empirical research has revealed a long list of the promises
and reported benefits of computer networks for
collaboration (Hakkarainen et al. 2001). One self-evident
benefit is, that computer networks break down the time and
space congtraints. And the delay of asynchronous
communication allows time for reflection in interaction.
Making thinking visible by writing should help students to
reflect on their own and others ideas and share their
expertise. Shared discourse spaces and distributed
interaction can offer many perspectives. Further, the
database can function as a collective memory for alearning
community, storing the history of knowledge construction
processes for revisions and future use.

It isimportant to build a culture of learning where learning

is perceived and used as a natural piece of one s job. An
effective knowledge management system not only provides

avehicle to share information, but also builds a community

of learners. The employee can use their computer to view

company policies, access forms, distribute information

among colleagues, share dtories, access expertise of

respected sages, trouble shoot, gain up-to-the-minute

advice, teach, coach, and customize one€’ straining needs. A
successful strategy involves developing a receptive culture

toward e-learning and technology, getting key players on

board, communicating its value, and leading through the

change. (Rosenberg 2001.)

Knowledge Map

People with experience and expertise are vital information
sources in organizations. The knowledge management
services have to provide access to information about
knowledgeable experts in the organization. Information
about knowledgeable human sources has to be collected
and updated in a systematic manner. One of the best
methods of accomplishing thisis for employees themselves
to maintain their CV's online. Human resources and other
functional departments in the organization may also be able
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to supply current information about training courses,
conferences, assignments, and projects. (Choo 2000.)

6. CONCLUSIONS

The cases revealed that though ICT is used in the processes
it could be used more effectively in assisting the learning
of the parties and in confirming that the required learning
has occurred. Now the tools help to visualize and distribute
the knowledge but there are no tools that check the reaction
of the reader or any questions to the reader. The evaluation
of the knowledge and the knowledge management is
difficult. Davenport and Prusak (1998) addressed the
evaluation of the knowledge by the decisions or actions to
which it leads. Better knowledge can lead, for example, to
more efficient product development and production.
Knowledge is aware of what it doesn’ t know. Since what
you don’ t know can hurt you, this awareness isimportant.

ICT is good technical mean when sharing knowledge in
organization but without trust, support of the top-
management and active interaction between members even
good techniques are useless. ICT supports the production
of high quality artefacts. When the artefacts are linked to
the success of the project the better quality artefacts
improve the project success.

One of the future researches is to study how much the
conscious learning support can improve the communication
in the construction project, for example, how e-learning
methods can be utilized.
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DEVELOPING PROJECT MANAGEMENT SYSTEM TO
SUPPORT ACTIVE LEARNING AND COMMUNICATION IN A
CONSTRUCTION PROJECT

Paivi Javaja', Marja Naaranoja®

ABSTRACT

Stakeholders of construction projects are numerous and multidisciplinary, and it is of
paramount importance that all the information is coordinated and communicated effectively.
Participation in knowledge-intensive work requires that individual professionals and their
communities continuously transform their practices and create new knowledge. One effective
means of ensuring the success of information flow between various partners is the use of an
electronic project management system. The main target of this article is to study what kind of
learning is needed in a construction project and how ICT tools could be developed based on
such understanding. The material is based on project interviews and literature review on
construction IT and Requirement Engineering (RE). RE plays a fundamental role within the
systems development process by identifying stakeholders, applying elicitation techniques,
validating and prioritizing requirements and managing changing requirements. This paper
gives an analysis of the requirements for the system. Among the user’s requirements were
guidance for the novices, FAQ, possibilities to use Building Information Model (BIM)
services, video sharing sites, instant messaging, text and voice chat, Wikis, blogs etc. All the
tools leave a digital trace and permit conversations to be saved.

KEY WORDS
knowledge management, requirement engineering, learning, communication

INTRODUCTION
The terms used for construction project managements systems are numerous like project
webs, project banks, project extranets, concurrent engineering software, electronic document
management systems (EDM) (Hjelt and Bjérk 2006). This paper uses the term “project
management system” which means a compilation of different solutions for construction
project management. Currently the systems are used mainly for data storage but not to
support active learning and communication between parties in construction projects. Active
learning is purposeful learning instead of all the learning which happens ad hoc all the time.
The use of project management systems and other related technologies has been the
subject of many research papers. Several researchers have studied the end-user’s point of
view; the required features (e.g. Hartvig 2001, Lakka et al 2001), properties which current
website services provide to AEC industry (Leung 2002) and end users attitudes towards
EDM-use (Hjelt 2006). Researchers and industrialists however, have attempted to utilise IT
as an enabling technology to reduce the problems of communication and information sharing
within the construction industry (Sarshar et al 2004). The user requirements capture and the
richer forms of communication are still interesting research questions (verify Arayici 2006,
Bowden et al 2006, East et al 2007, Wikforss and Lofgren 2007). East et al (2007) found out
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that the users of the developed communication tools needed surprisingly often assistance.
According to Bowden et al. (2006) the extension of knowledge management systems could
improve the communication between the participants so that the knowledge is gained “from
the horse’s mouth” rather than a sanitized, second-hand version.

Figure 1. KM cycle model (Omega 2007)
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Editors of Omega, International Journal of Management Science (2007) created a KM
cycle model. The initiation of the KM cycle involves either the creation or the acquisition of
knowledge by an organization. Nonaka's (1998) four modes of knowledge creation—
socialization (the conversion of tacit knowledge to new tacit knowledge through social
interactions and shared experiences), combination (creating new explicit knowledge by
merging, categorizing, and synthesizing existing explicit knowledge), externalization
(converting tacit knowledge to new explicit knowledge) and internalization (the creation of
new tacit knowledge from explicit knowledge). All these stages of KM are important in
construction projects especially during the design when new knowledge needs to be created
and all the parties create something new together.

This paper discusses what kind of learning is needed in a construction project during
design and how ICT tools could be developed based on such understanding. We study this
area first by exploring what kind of needs for learning appear in our interviews and how the
requirements for learning can be defined based on requirement engineering literature. Based
on our interviews we found that the need for learning appears among every stakeholder in the
construction projects like learning about new materials, techniques, regulations, processes
and business activities. Another need for learning is the wish to utilize ICT-tools. The
applications used in the projects were quite many but the effective utilizing is incomplete. The
hope of learning from past projects in order not to make same mistakes again came to light
many times. They talked also about the need for quicker means to arrange meetings between
project participants which have long distances to the site and about the need of model based
design and construction process. The end users prefer more visual systems and models to
understand how the future building will be.

The structure of the paper is as follows. The method of the research is given in section
two. Communication and learning in projects are presented in the section three. ICT-support
for communication and learning are given in fourth section. The basics of Requirement
Engineering are given in the section five and the findings and analysis are presented in
section six.

METHOD

The objective of the present study was to describe the role of ICT enabled learning in
construction projects. The study adopted a systematic approach that builds on the refinement
of existing theories, rather than attempting to invent new theories. The aim is to find what
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kind of learning is needed in a construction project and how ICT tools could be developed
based on such understanding.

The empirical aspect of this research comes from the ProLab-project interviews of
construction project stakeholders in Finland and Sweden. The number of theme interviews is
over one hundred and they are made during years 2003-2005. The themes were: what kind
of phases there has been in the project; what kind of successes and failures were experienced
during the project; how the co-operation was arranged; what kind of co-operation tools has
been used; and who were important persons in the project (in order to know who should be
interviewed). In this paper we analyze what kind of learning needs there were and especially
the theme question about the co-operation tools:

Channels of information (meetings, phone calls, emails, drawings)

Why are the information channels utilized?

What kind of IT tools are used or not used and what kind of IT tools should be in use?

What are the problems with IT tools and how the tools should be improved?

The findings were analysed through qualitative content analysis and compared with
extant theory in the literature. Having defined the research focus, the empirical data were
reanalysed, which allowed the conclusions to be drawn.

COMMUNICATION AND LEARNING IN PROJECTS

COMMUNICATION NEEDS

The design process can be characterized as a continuous process of change that has to be well
documented and updated because many stakeholders are involved in the processes. A design
team’s communication environment is a holistic environment where the key information
carriers for team members to communicate are sketches, schemes, images, drawings, and
written descriptions together with explanatory stories. In the external environment are the
clients, contractors, end-users and other project participants. It is of paramount importance
that all the information is coordinated and communicated effectively.

Ineffective communication has been identified as a problem that can lead to conflict and
subsequent litigation (Emmit and Gorce 2003). Knowledge and information in architecture
and generally in design process has two characteristics (Paterson 1977):

knowledge is infinitive (we can never get to absolute truth); and

data is environment dependent, i.e. it will have different meanings when placed or taken

from different environments.

Throughout the project life cycle information and knowledge is generated, stored,
discarded and transmitted through a variety of communication media and communication
channels. Human beings are good at handling information (in theory at least) but most of us
are poor at holding a lot of information in our memory. Computers can now do the memory
task for us but we have to take care of the heuristic task: what information needs to be
accessed, what can be ignored and what needs to be transmitted. (Emmit and Gorce 2003.)

LEARNING IN PROJECTS
The lack of information sharing and knowledge management in construction industry is one
of the reasons for the known problems: budgets are overrun, timetables are not accurate,
needs of the end users are not fulfilled (e.g. Naaranoja and Uden 2007). For example, the
designers need to learn what are the requirements of the end users and the end user needs to
learn how the designers have understood their need in order to be able to check are their
needs fulfilled in the design.

According to Jgrgensen and Emmit (2007) it is important to stimulate learning, team
learning and exchange of knowledge at all levels of project process and at all relevant levels of
the organizations involved. Thus the learning needs are huge. However, we need to be careful
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since too much information in a learning system will cause information overflow and decision
making might become more difficult in the project (e.g. Elonen and Artto 2003). There is also
a need for requirement engineering of the learning system that aims to support the learning
process of the stakeholders within a project.

For example, the learning of the construction project stakeholders can be supported by an
e-learning platform that aids studying and understanding the construction operations in
advance, before or during the construction execution (Lin et al. 2005). ICT supported learning
system can also be called knowledge management systems (Lin et al. 2005). Many
organizations are now engaged in knowledge management efforts in order to leverage
knowledge both within their organization and externally to their shareholders and customers
(Malhotra 2001). Valuable knowledge can be available in different forms and media, such as
in the mind of experts, in operation procedures, and in documents, databases, intranets, etc.;
however, knowledge management in the construction phase of projects aims at effectively and
systematically collecting and sharing the experience and knowledge of the project by web-
based and intranet technologies (Lin et al. 2005).

ICT-SUPPORT FOR COMMUNICATION AND LEARNING

THE STRUCTURE OF PROJECT MANAGEMENT SYSTEM

Ingirige and Sexton (2007) found that the overly short term orientation in the use of project
management system lead to inadequate emphasis on leveraging the dynamic to static content
and optimizing the user involvement to gain performance improvement in organizations.
Static content provides information without any personalization to the individuals in the
organization and dynamic content is personalized and enhances knowledge accumulation, for
example discussion forum; interactive demonstration, key word search for expertise, and
methods of capturing knowledge (Ingirige and Sexton 2007). A project management system
may consist of personalization and four main components comprising; active process support,
teamwork, e-learning and document management.

Table 1: The functions of a project management system (modified Chong et al. 2007)

Personalisation

Customising Personal Inbox Scheduling Personal favorites
Search tools Personal directory | RSS Hotlist
User Manager Replication History Action reports

Active process support Teamwork E-learning Document Management
Administrative information | Net meeting Wikis Subscribe to contents
Project management - costs | Discussion groups | Document Linked to Building Information
and scheduling annotation Model (BIM) server
Workflow E-mail Videos Versions control
Checklist Find experts Multimedia Access control
To-do list Message boards Blogs Append/ modify/ delete
Site diary Chat rooms Document sharing
Customers Meeting planner Office integration
Employees FAQs Content rating
Supliers - e-procurement COPs
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E-LEARNING

E-learning is a tool for reuse and exploitation of explicit knowledge through its capture,
codification, storage, and retrieval. However, explicating tacit knowledge is important for
knowledge reuse because when appropriately explicated, knowledge can be efficiently shared
and reapplied (Lin et al 2006). The development of e-learning system needs thorough
knowledge capture.

Burnside (2001) refers to the internet as a means of delivering and facilitating learning
and blurring the line between traditional academic education and traditional job training held
at work and focused more on applied skills than on the mastery of a body of knowledge. While
continuing the employers’ emphasis on skills, businesses also want employees to build shared
knowledge about their work that can be transferred elsewhere in the company as best
practices. Conditions change so quickly that employers are hard pressed to keep up with the
changing knowledge. (Burnside 2001.) Even in construction projects the project stakeholders
first need skills that bring success in their current jobs. Second, they need membership in
professional networks that keep them up-to-date in their professions. Third, they need the
skills to use the new technologies (Burnside 2001).

Online tools for learning can be roughly divided into tools for delivering learning content
and for tools for communication. Learning content is, of course, always communicative. In the
digital online environment the learning content can be continuously reviewed and improved.
Wikipedia is probably the most well known example of this. Also saved online communication
may become learning material (P8ldoja et al. 2006). These kinds of internet tools enable
people to self-organize information or knowledge. One of the technologies used by blogs and
wikis to alert users of new postings, as well as to help sort information coming from multiple
internet sources, are RSS feeds. RSS stands for "really simple syndication". Wikis, blogs and
RSS feeds offer powerful opportunities for online collaboration learners in projects (Goldwin-
Jones 2003). It is generally recognized that workers at all levels of the organization are a
significant source of creative thinking. Online tools could provide the link to workers so that
lessons learnt as the project progresses are captured immediately (Bowden et al. 2006).

Off-site training formats are low cost alternatives for on-the job training and which give a
novice opportunities to experience the real working conditions (Wang and Dunston 2006).
One simple version of the off-site training system is on-line video sharing sites which allow
anyone connected to the web to upload digital video recordings. The system supports the
efficient dissemination of project related videos and virtual visits to sites (Kumaraswamy
2004), best practices and technical operations on site e.g. out of the ordinary installations.

BUILDING INFORMATION MODELLING (BIM)

Building Information Modelling (BIM) is a data rich digital representation cataloguing the
physical and functional characteristics of design and construction. Its purpose is to make the
design information explicit, so that the design intent and program can be immediately
understood and automatically evaluated. BIM-based approach supports ‘on demand’
generation of documents (e.g., drawings, lists, tables, and 3D renderings) from a consistent
Building Information Model. In a sense, these documents present views of the current BIM.
In particular, Computer-Aided Design (CAD) documents often exclude information needed
for effective design evaluation. The information that was sufficient for CAD drawings is often
insufficient to meet the requirements of a model-based design process, as industry
expectations for analysis using a model-based approach are expanding. (GSA 2007.)

In order to construct a digital model at least two state of the art of the ICT technologies
need to be considered: Industry Foundation Classes (IFC) and a variety of advanced
communication and integration technologies often referred to as the Semantic Web (Schever
et al 2007). Case studies of BIM applications are currently being presented in conferences and
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workshops worldwide. For example, the International Alliance of Interoperability initiated
Building Smart forum for the industry and governments to identify, test, review, recommend
and implement smart ways to deliver quality buildings and services to the facility owners
using BIM technology (Olofson et al 2007).

REQUIREMENTS ENGINEERING (RE)

BASICS OF REQUIREMENTS ENGINEERING
Requirements engineering is concerned with the goals, desired properties and constraints of
complex systems that involve software systems, organisations and people. It also covers how
requirements relate to business processes, soft issues, work redesign, system and software
architecture and testing (Arayici 2006). The requirements engineering helps the software
developer to capture and analyze the user requirements and their hierarchies and define the
acceptance criteria of the requirement (Hull et al 2005).
The three main levels of requirements engineering are (Sommerville and Sawyer 1997):
Business requirements describe why the product is being built and identify the
benefits both customers and the business will reap.
User requirements describe what, captured in the form of use cases, describe the tasks
or business processes a user will be able to perform with the product.
Technical requirements describe how, the specific system behaviours that must be
implemented. The technical requirements are the traditional "shall" statements found in a
software requirements specification (SRS).

BENEFITS OF REQUIREMENTS ENGINEERING

According to Arayici (2006) the developments of IT systems for construction supply chain
have not reached at their ultimate effectiveness. This is mainly due to the lack of
communication between the system developers and the industrialists. Arayici (2006) still
argues that requirements engineering can be a major factor in determining the success of the
entire system development. People from industry have stressed that construction IT
researchers should align with the practioners when developing and proposing IT solutions to
the industry (Arayici 2006).

Hoffman and Lehner (2001) and Nikula (2002) defined requirements engineering related
project success factors and they found best practices for successful RE: involve customers and
users throughout RE, identify and consult all likely sources of requirements, prioritize
requirements, assign skilled project managers and team members to RE activities, provide
specification templates and examples, maintain good relationships among stakeholders.

INTERVIEWS AND ANALYSIS

The previous analysis of the Prolab interviews by Haapalainen (2007) show that the
stakeholders of a construction project learn different things from each other. She found out
that the diverse background of the project participants create learning needs. For example,
the headmaster might be novice in public building project but has built a small house for
himself. There is also different kind of knowledge that needs to be transferred between
parties. The tacit knowledge needed to be turned to explicit knowledge and it needs to be
learned by the other party. The learning needs of the parties are also different. The end users
of the project need to learn technical issues and even how they themselves work in the
planned building. Designers need to learn the needs of end users and constructability of the
building. All the parties need to learn what has earlier happened in the project. (Haapalainen
2007.)

The learning needs have to be taken care of in the project management system.
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THEME INTERVIEWS OF THE CONSTRUCTION PROJECT PARTICIPANTS
The informants appreciated the project management systems even if they had not used it
effectively. The benefits were efficient information flow which enables faster decision making
and up-to-date designs. The need for rules and guidelines of the use of the project
management systems was recognised.
“Everybody needs to follow the given guidelines to insert the data into the databank.
Otherwise you do not know what is in there.” Designer
"The EDM system is good because you leave always a trace when you read a document.
But for some reason it is not yet effectively in use, actually 1 wonder why?” Project
manager
“Digital photos were helpful during the construction stage in explaining the projects for
the architect and he was not forced to travel 400 km to the site.” Project manager

The constant need for learning occurs in many ways. Very often the informants talked about
the end-users incapability to understand the drawings and technical symbols and also their
difficulties to specify their needs for spaces and other future needs.
“Sometimes the users did not understand... One has to use perspective and coloured
sketches of the design with the end users of the buildings. The 3D models could be the
best but they were still not in use. The process should be so effective that we don’t need to
change the designs because of end-users changing needs.” Architect
“I asked some things ... and sometimes | was ashamed and had a feeling that | can’t
open my mouth...Rarely | got enough time to inspect and comment on the drawings...”
End user

The learning from past projects is the wish of many project stakeholders.
"There is a need for a better databank of lessons learned...” Project manager 1
“We are developing a system to create a lessons learned databank... There should be
somebody to maintain the system, others it is uncontrolled and there is no use from it.”
Project manager 2

The site managers explained if they could be involved during the design process there would
be less mess during construction. It will minimize the constructability problems. There are
huge needs for designer to learn from site practises.
"Often we need to decide on site how to solve problems for example to get big air-
conditioning machines inside an old building. It causes a catastrophe and a lot of extra
costs if we open floors and walls afterwards for machine installations. Such things
should be planned by designers beforehand and not suddenly at site.” Site manager

Quite many of the informants emphasize the communication between the project
stakeholders:
"Communication is the most important thing, we need real dialog...” Project manager
“It is very expensive to arrange meetings when the participants are far away from each
other. We have networks and phone-meetings and net meetings which are in test phase.
We save time, the optimization how to spend the time is very important.” Project
manager

ICT-tools and applications used in case projects were several but there still are many
challenges to use the effectively.
“I don't know if we need new systems we just need to use the current ones first...” Project
manager
“It takes enormous effort to learn by oneself the ICT-things and it is becoming as a
problem in competition.” Project manager
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REQUIREMENTS

The interviews were analyzed in Requirements Engineering framework in order to develop
the project management systems to support more efficient learning and communication in
construction projects. The business requirements are taken from literature and the user
requirements come from our interviews.

1. Business requirements describe why the product is being built and identify the
benefits both customers and the business will reap (Sommerville and Sawyer 1997):

need for cost minimization and productivity

improved flow of information and improved process management

improved transparency and tracking

quality assurance: design quality and production quality and rework minimization
fulfil the needs of the end-users of the buildings

fulfil the needs of the supply chain in construction process (e.g. constructability)

2. User requirements describe the tasks or business processes a user will be able to
perform with the product.

help for newcomers, basic rules in system use and support for coordination
frequently asked questions (FAQ)

access to project information and to common reference information

need for documents retrieving just-in-time, in a pull-fashion

need for more visual tools (BIM and sketching in 3D)

need for e-learning tools and for more effective communication tools

need for new technologies to support learning like wikis, blogs, video sharing sites etc.
the interface of the application is simple and user-friendly

ubiquity of the communication tools (mobile interfaces)

concurrency of a communication session triggering (no time-consuming procedures)
stability and reliability of the systems (like power supply)

3. Technical requirements describe the specific system behaviours that must be
implemented. The functional requirements are the traditional "shall" statements found in
a software requirements specification (SRS).

black box in this paper (answers to question how the system works)

DISCUSSION

The project management system of a construction project needs to take care of the learning

and the communication needs of the participants:
the participants have different background, experiences and education that always gives a
new set of learning needs. Some participants need also more knowledge of the use of ICT.
The need to learn from past projects varies since some have knowledge already.
there is needed to possess different kind of knowledge. This knowledge is often tacit since
the participants do not even themselves know they have that knowledge. However, the
project management system can aid the parties to turn the knowledge explicit.

The project management system could contain e-learning platform in order to support the
learning of project participants by giving information of ICT applications; lessons learned
from past projects; techniques; and regulations. A knowledge manager is needed to further
develop the e-learning environment and to tutor the on-line courses. The knowledge manager
can also respond to the learning needs during project.
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Our next step is to further analyze the communication process and learning needs in
construction project in order to give precise information for developing project management
system.
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