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Abstract. Knowledge is one of the most important resources of an enterprise. Skillful knowledge management can
bring significant benefits including labour productivity growth, an increase in quality of provided services and also a
strengthening of the competitive position of an enterprise. This paper presents an IT model of a Knowledge Map which
supports knowledge management in a construction enterprise. The model was developed on the basis of the results of
surveys and analyses carried out in small and medium sized construction enterprises in Poland. The process approach in
management was included in the proposed model and it involves analysis of an enterprise activity as a set of processes.
The model contains processes occurring at enterprise level and also in the widely considered investment process in the
construction industry. This assumption made the proposed Knowledge Map universal and able to be applied in construc-
tion enterprises operating in both the design and executive field.

Keywords: civil engineering, knowledge management, Knowledge Map, process approach, investment process, enter-

prise.

Introduction

In the era of the wide use of IT technology and the phe-
nomenon of globalization occurring in the economy,
skillful and rapid exchange of information and experienc-
es gain significant meaning. In this situation the ability of
sharing knowledge is the strength of an enterprise, and a
management system, based on knowledge, is a tool which
supports the management of an enterprise. The implemen-
tation of such a system is meant to encourage enterprise
innovation which involves continuous improvement, in-
troduction of new products, services, technologies and
methods of work organization. Such a system encourages
creativity in people and also enables the transformation
of their knowledge and ideas into innovative solutions.
Managers of enterprises have recognized that em-
ployee knowledge is an important resource and that its
loss may lead to the collapse of a company’s operation.
Investing in skills of employees and making them share
knowledge is beneficial for both sides. However, the
acquisition of knowledge is a long process. Knowledge
resources, in the form of thousands of unclassified com-
ponents (data, information, experiences), can become a
problem in the area of their interpretation. Systematic se-

lection of knowledge elements, verification, and registra-
tion for the purpose of later mapping are as important as
the creation itself.

The paper presents the IT model of a Knowledge
Map — a tool which aids knowledge management in a
construction enterprise. The process approach in manage-
ment was included in the proposed model and it involves
analysis of enterprise activity as a set of processes. Based
on surveys and audits conducted in construction enter-
prises, the area of knowledge crucial for the management
of an enterprise was specified, the structure of the Knowl-
edge Map was proposed and an IT model enabling the
practical application of the map was presented.

1. Problem description

Construction enterprises in Poland operate in a rapidly
changing and highly competitive environment. Such a sit-
uation requires from enterprises big flexibility and ability
in the area of adjusting to changing conditions. In order
to maintain and even to improve the position of an en-
terprise on the construction market it is necessary to use
methods that support management (Bitarafan ef al. 2013;
Czarnigowska, Sobotka 2013; Jaskowski, Sobotka 2012;
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Kaklauskas et al. 2013; Negahban ef al. 2012; Lin 2013;
Koulinas, Anagnostopoulos 2013; Zavadskas et al. 2010,
2011, 2013; Stanitnas et al. 2013).

The development of such methods and tools is par-
ticularly important for the construction industry, which in
contrast to other sectors of the economy is characterized
by: high diversity and uniqueness of executed building
structures, seasonality of works, plurality of applied tech-
nologies, frequent changes of construction sites and also
volatility of the external environment (Lin 2008). Due to
the large variety of constructed building structures and
variability of execution conditions (technological, organi-
zational, and legal), the course of an investment process
is complicated and its management is difficult.

High turnover of staff in the Polish construction in-
dustry is a negative phenomenon. This makes experience
gained while working in an enterprise disappear when
key employees leave. It causes not only the loss of gained
experience, but also the loss of potential innovations. As
a result, enormous amounts of time and work are wasted
on re-acquiring knowledge to work in different job posts
and future construction projects.

When analyzing the possibilities and needs of im-
plementing management support tools in construction
enterprises in Poland, the structure of enterprises should
be considered. Based on information included in the Sta-
tistical Yearbook, over 241 thousand construction compa-
nies were registered in Poland in 2012, employing in total
over 640 thousand people. From this number 230 thou-
sand construction enterprises (representing 97.75% of all
construction companies) are small enterprises employing
less than 19 people and 3474 are medium-sized enterpris-
es employing 20 to 49 people. This group of enterprises is
the basis of the construction industry in Poland. In total,
in the sector of such enterprises work 366 thousand peo-
ple which represents approximately 60% of all employees
in the construction industry. It should also be highlighted
that the value of production earned by small and medium-
sized enterprises is equal to PLN 105986 million and rep-
resents about 70% of the total value of construction and
assembly production. Therefore, it is a significant sector
of construction production, which requires the support
of science. Due to the often limited investment costs in
enterprises of this sector there is a lack of management
support tools (Hota ef al. 2012a).

It can be assumed that the development and im-
plementation of a tool based on knowledge which aids
management in small and medium-sized construction
enterprises will ensure the efficient use of possessed in-
tellectual capital, and consequently improve the market
position of the company. Transfer of knowledge gained
from previous investments among employees will enable
the same or similar mistakes during subsequent invest-
ments to be avoided. This will shorten the time of execu-
tion of construction projects, reduce the cost of execu-
tion, improve the quality of work and reduce risk (Soares,
Anderson 1997).
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2. Literature review

Researchers conducted in many organizations among top
managers indicate that an awareness of the importance of
knowledge as a key intangible resource is continuously
increasing (Pathirage ef al. 2007; Preece et al. 2000; For-
cada et al. 2012).

Davenport and Prusak (1998) define knowledge as a
combination of data and information with experience, in-
terpretation and conclusion. Nonaka and Takeuchi (1995)
divide knowledge into explicit and tacit knowledge. Ex-
plicit knowledge is included in documents, standards and
procedures, while tacit knowledge is the knowledge at-
tached to people who possess it. Such knowledge disap-
pears with staff turnover (Jemielniak, Kozminski 2012).

One of the main challenges of an organization is
knowledge asset management in order to achieve com-
petitive advantage (Kale, Karaman 2012; Cheng et al.
2012; Johannessen 2008). In the process of knowledge
management several stages can be distinguished which
consist of: knowledge identification, knowledge acquisi-
tion, retention, storage, development, transfer and the use
of knowledge (Egbu 2006; Tserng, Lin 2004; Lin et al.
2006; Lin 2006; Dave, Koskela 2009; Arif et al. 2009).
Retention of knowledge in an enterprise depends on such
factors as: culture of sharing knowledge, awards and ac-
colades for sharing knowledge, possessing a technologi-
cal platform that allows the collection of large-format sets
and also an awareness of managers and employees about
the benefits associated with the system of knowledge re-
tention (Arif et al. 2012). Saving, storing and processing
knowledge in order to formulate conclusions regarding
future projects can significantly support management pro-
cesses (Magsood et al. 2006; El-Diraby, Zhang 2006; Lin
et al. 2011; Lin 2008).

Benefits from the implementation of knowledge
management strategies in a large construction enterprise
were studied, among others, by Preece et al. (2000) and
Zhang et al. (2013). They noticed that there are problems
and conflicts associated with the implementation of new
management methods in enterprises in the construction
industry. It is due to the nature of the construction in-
dustry, namely, the fact that a construction project en-
vironment overlaps with an enterprise environment. The
implementation of knowledge management in the con-
struction industry requires changes in an organization’s
culture. First of all, knowledge management must be ap-
proved at all organizational levels of an enterprise and
among employees. Directions of knowledge management
development in architecture, engineering and civil engi-
neering were presented, among others, by Rezgui (2006)
and Rezgui ef al. (2010). Examples of knowledge man-
agement system application in large construction corpo-
rations are included, among others, in the studies of the
following authors: Dave and Koskela (2009), Wu et al.
(2012), Yu et al. (2009, 2010).
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A Knowledge Map is a tool used for locating knowl-
edge and supporting knowledge management (Lin ef al.
2006; Kim et al. 2003; Liu et al. 2009; Yang 2007). A
Knowledge Map is defined as a graphic form of knowl-
edge representation which illustrates the relationships be-
tween knowledge and its attributes (Kim ef al. 2003). It is
a consciously designed medium which enables communi-
cation between those who create knowledge and those who
use it (Wexler 2001; Lee, Tserng 2006). Because knowl-
edge is constantly changing, a Knowledge Map should be
a dynamic, interactive and evolving tool (Woo et al. 2004).

The concept of using Knowledge Maps as a tool for
locating knowledge resources was proposed at the end of
90°s of the last century by M. Eppler. It was propagated
by, among others, G. Probst, S. Raub and K. Romhardt
(Galant, Perechuda 2005). Benefits for an enterprise re-
sulting from the practical application of a Knowledge
Map are very significant. Knowledge Maps facilitate the
finding of information in databases, facilitate the transfer
of knowledge in an organization, increase the efficiency
of learning (O’Donell 1993, 1994), indicate links between
documents (Xu, Ibrahim 2004; Gabrielaitis, BauSys
2006) and also facilitate many other things. Information
included in Knowledge Maps can be organized accord-
ing to various criteria, saved electronically and presented
with the use of graphic programs. Due to this, the avail-
ability of information for many people and at any time
and place is increasing.

Although the potential of a Knowledge Map appli-
cation is very large, only a few industries have their own
Knowledge Maps (Tserng et al. 2010). Because every
field of science and industry is characterized by different
specific features, it is not possible to build one universal
Knowledge Map (Yin et al. 2005). In literature, examples
of using Knowledge Maps in medical sciences, law, the
tourism industry (Yang, Luk 2003) and also civil engi-
neering can be found (Yin ef al. 2005; Lin et al. 2006;
Tserng et al. 2010). In Polish literature there are no exam-
ples of the application of Knowledge Maps in construc-
tion enterprises.

In the 90°s of XX century, special attention was paid
to the use of process management in the construction in-
dustry. In many studies on this subject, it was emphasized
that the use of the process approach in enterprise man-
agement leads to the improvement of productivity and
competitiveness of an enterprise in the construction mar-
ket (Burati, Oswald 1993; Soares, Anderson 1997; Pheng,
Teo 2000; Han et al. 2012). Moreover, in the process
approach to management, special attention is paid to con-
tinuous improvement and achieving customer satisfaction
(Tam et al. 2008; Tchidi et al. 2012).

Process management was included in the developed
ISO 10006 (2005) and ISO 9001 (2008) standards. Re-
search has shown that companies that have implemented
quality management systems based on these standards
achieve greater efficiency and are competitive in the mar-
ket of construction works (Han et al. 2012; Haponava,
Al-Jibouri 2010).
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The conducted review of literature showed that man-
agement support in a construction enterprise, with the use
of such a tool as a Knowledge Map, can yield significant
and measurable benefits. The use of the process approach
promoted by ISO 9001 (2008) standards will reinforce
this effect, and further in the future facilitate the obtain-
ing of a certificate of quality, occupational safety and en-
vironment management.

3. Objective and methodology of research

The aim of conducted research was to develop and imple-
ment in the selected construction enterprises an IT man-
agement support tool which is based on knowledge. The
area of knowledge, which is the subject of management,
is associated with the use of the process approach pro-
moted by ISO 9001 (2008) standards. Figure 1 presents
the methodology of the carried out research. Research
was conducted in three stages which correspond to the
gradual development of the task. It included the follow-
ing activities:

Stage 1: execution of surveys and audits in construc-
tion enterprises, the analysis of obtained results and mak-
ing conclusions.

Stage 2: development of a Knowledge Map model,
including: building of an IT model and determining the
structure of the map which considers requirements of the
process approach to management.

Stage 3: Implementation of the Knowledge Map in
selected construction enterprises.

4. Research carried out in construction enterprises

The objective of Stage 1 was to obtain information about
construction enterprises which would allow the direction
of further research to be determined. The research was
conducted in two phases.

| Research goal |

2

| to develop Knowledge Map model |

Stage I — research carried out in enterprises

Phase 1 — questionnaire survey I—bl Phase 2 — audits |

I |

Stage I1 — developmentvof Knowledge Map model

| Specification of the Knowledge Map structure }4

| Construction of IT model |

o
i Stage III — implementation and | validation of Knowledge Map

Y Y

| Construction company | | Design company

Y 2

Fig. 1. Research scheme
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4.1. Phase I — surveys

The research questionnaire was formulated on the basis
of preliminary studies carried out in several construction
enterprises with the use of the direct interview method.
The questionnaire includes questions about four areas re-
lated to enterprise activity, namely: A) information about
an enterprise (location, business profile, business system,
the number of employees); B) processes carried out in all
spheres of enterprise activity; C) the scope of carried out
construction activity; D) used computer software.

The questionnaire includes a set of processes which
may occur in enterprises of the construction industry.
They were defined on the basis of current laws and regu-
lations. During the execution of this phase, requirements
regarding processes which are included in the ISO 9001
(2008) standards were also considered. The task of re-
spondents was to identify processes occurring in an enter-
prise and adding processes which have not been included
in the survey but occur in an enterprise. A fragment of the
formulated research questionnaire is presented in Table 1.

The research questionnaire was placed on the web-
site of the Institute of Building Engineering of Wroclaw
University of Technology (www.gmw.pwr.wroc.pl) and
was also sent directly to enterprises by e-mail or by de-
livery by interviewers.

4.2. Overview of survey results

The survey was carried out in approximately 280 con-
struction enterprises providing construction services in
various areas: designing, execution of building structures,
repairs and renovations.

The analysis of the surveys indicates that 63% of the
surveyed enterprises are based in Lower Silesia, while
37% represent other Polish regions. 31% are enterprises
from Wroclaw. The structure of surveyed enterprises re-
garding the number of employed people is as follows:
40% are micro enterprises, 38% are small-sized enterpris-
es, 12% are medium-sized enterprises and 10% are large
enterprises. Further analysis of the survey shows that
65% are executive enterprises, 20% are design compa-
nies, 12% are companies providing other services related
to civil engineering and 3% of surveyed companies carry
out executive and design activity. Detailed data about the
structure of the surveyed enterprises, due to the number
of employees and the business profile, are presented in
Figures 2 and 3.

Regarding the way of running a business, 28% of
enterprises carry out production processes independently,
7% with the use of a contract system which means with
subcontractors, and 28% with the use of a mixed system.
37% of respondents did not answer this question. Surveys
were also analyzed due to responses regarding selected
processes qualified for specified areas of management.
Figure 4 presents a summary of selected processes in the
surveyed enterprises.

The analysis of obtained data indicates that for ex-
ecutive and design enterprises the most important pro-
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10%

12%
40%

B<9employees

B 10+49 employees
050+249 employees
0> 250 employees

38%

Fig. 2. Structure of enterprises according to the number of
employees

0 Design forms
 Construction contractors
0O Design-build firms

0 Consultants and suppliers

65%

Fig. 3. Structure of enterprises according to business profile

cesses are from the area of marketing and investor ser-
vices which are related to the necessity of obtaining new
orders (marked: 1.1-1.6). In this case, the positive an-
swers regarding the presence of such processes in an en-
terprise were equal to 85%. A similar level of interest in
both groups of enterprises is noted for processes from the
area of general administration and personnel management
(8.1-8.12).

However, in this case the level of process impor-
tance evaluation is much lower and is equal to approxi-
mately 65%. In the other groups of processes, significant
differences in the evaluation of importance of individual
processes are noticed. This is a correct phenomenon, be-
cause it reflects the areas of activity of these enterprises.
In project offices, special attention is paid to processes
associated with the design of a building object and its
execution (2.1-2.8), whereas in executive enterprises, is-
sues related to the execution itself, acceptances of build-
ing works, complaints, supply of materials, etc. (5.4-5.7,
6.1, 7.3) are emphasized. According to respondents, the
least important is environmental management (8.2) and
quality management (8.8). For both of these processes
the level of positive answers was equal to just over 40%.

Analysis of the information contained in question-
naires, due to used computer programs supporting en-
terprise operation, showed that construction enterprises
primarily use computer programs for cost estimation
(Rhodes, Norma Plus), the design of building structures
(AUTOCAD) and accounting. There are no programs for
process management, despite the fact that such programs
are available on the market. The reason for this is that
they are very expensive and small construction compa-
nies cannot afford to buy them.
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Table 1. A fragment of the research questionnaire

A/ Information about an enterprise

Enterprise name: ..................
Enterprise address: ...................
Number of employed people: ...............

Activity profile: the design office ..... executive enterprise .......... other.....

Model of running business: a) independently : ... b) contract system: .... c) mixed system: ...
Questionnaire completed by: ... e-mail: ...
JOb POSt . Date: .......ovenennn.

B/ Please choose the management processes required in your company

YES NO
Proposed names of management processes

is required | is not required

Do not
know

Comments

1. Processes from the area of marketing and Investor services

1.1 Marketing activities

1.2 Risk assessment of the offered project
1.3-1.7 | ...

2. Processes from the area of project management

2.1 The acquisition of permits and arrangements
2.2 Designing a building structure

2.3-29

3. Processes from the area of research and development

4. Processes from the area of purchases

5. Processes from the area of building site execution

5.1 Hazard identification

5.2 Occupational risk assessment

5.4 Implementation, management and liquidation of a
building site

5.5-5.14 | ...

6. Processes from the area of sales

6.1 Final acceptance of the construction

6.2 Sale of services

6.3-6.5

7. Processes from the area of finances

8. Processes from the area of general administration

8.1. Hiring of an employee

8.2-8.13

C/ Please list important works carried out in your company

Lp Name of works (designing or executive)

D/ Please list major computer systems used in your company
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5.3. Technical risk assessment

5.4. Organization, security and liquidation of a building site W |

5.5. Construction inspection

5.7. Infrastructure supervision W

5.8. Device supervision W |
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5.9. Corrective and preventive actions with regard to a construction

5.10. Non-compliance supervision

——————=—=

5.11. Internal and external information flow in enterprises
5.12. Emergency response
5.13. Hazard notification

6.1. Final acceptance of a construction W

G ————————————————————]

6.4. Warranty claim

6.3, Complaint process | ¥  ( ( n =

7.1. Budgeting
7.2. Obtaining of funds
7.3. Settlement of construction costs

7.4 Stocktaking | e |

N ————————————————

7.6. Revenue and expense verification
8.1. Strategy and operation policy developement
8.2. Environmental management programs

8.3. Employment
8.4. Employee leave

8.5. Health and safety and fire protection training
8.6. Knowledge extension training

8.7. Task team formation

8.8. Management system audit

8.9. Organization supervision by managerial staff _

810, Reporting | S

811 Innovation management | e

812, Change mangomen! |

Fig. 4. A summary of processes surveyed in construction enterprises

Based on the literature review and research conduct-
ed in Phase I, it was concluded that:

- The majority of small and medium-sized construc-
tion enterprises in Poland have not yet implemented
management systems because they are very expen-
sive investments and owners cannot afford them.

- The majority of small and medium-sized construc-
tion companies are owned by people possessing ex-
tensive knowledge in the area of designing and ex-
ecuting building structures, and less knowledge in
business management and issues related to this. In
contrast to large companies, management staff are
often limited to one, or at most a few people.

- In small and medium-sized enterprises there is a
strong interest in process management, but know-
ledge about the process approach and benefits for
the company coming from its practical application,
is negligible.

The above conclusions were the basis of the assump-
tion that it is necessary to support small and medium-
sized construction enterprises with a simple management
support tool. The developed management system will
consider the process approach which involves analyzing
a company’s activity as a set of processes (Hota et al.
2012a, 2012b, 2012c).

executive enterprieses I design enterprises

4.3. Phase 2- audits

In the second phase, audits were carried out in 20 enter-
prises from the sector of small and medium-sized con-
struction enterprises which were selected from those that
have been subjected to surveys. Research was conducted
by entitled experts from the field of the implementation
of a quality management system according to ISO 9001
(2008) standards.

The aim of carried out audits was to identify the
organizational state of construction companies and to
examine applied management processes with regards to
the requirements of ISO 9001 (2008) standards. The fol-
lowing research techniques were used: interviews with
management staff and analysis of documents. Based on
the conducted research it was found, among other things,
that the majority of audited enterprises do not apply any
system of quality management and knowledge about the
process approach to management is negligible. In the au-
dited enterprises, special attention was paid to the super-
vision of the main processes related to the investment
process, customer orders, processes related to finances
and work safety on construction sites. An efficient course
of processes from the area of auxiliary and management
processes was considered to a lesser extent. Moreover, in
small construction enterprises many processes are sub-
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contracted to be implemented by external entities. These
are auxiliary processes such as: accounting, human re-
sources services, IT services, device services, legal ser-
vices, equipment and transport services.

After completing surveys and audits and also analy-
sis of the obtained results, authors of the article proposed
an IT model of a Knowledge Map as a management sup-
port tool for small and medium-sized construction enter-
prises. The main assumption of the built model was to
combine the idea of a Knowledge Map with the process
approach to management. In Poland, a Knowledge Map
has not yet been developed for construction enterprises
and this will be the first such tool designed for small and
medium-sized enterprises.

5. The developed model of a Knowledge Map

The purpose of this stage was to develop a model of a
Knowledge Map. Based on the conducted audits, the
identification of domains of knowledge about a construc-
tion enterprise which relate to process management was
made.

5.1. Basis for knowledge classification in a Knowledge
Map

The classification of knowledge about an enterprise
which is included in a Knowledge Map was based on the
following observations:

- Every enterprise is a system located in a specific
environment.

- The environment has an impact on the activity car-
ried out in an enterprise.

- In order to conduct processes, the following ap-
propriate material resources are necessary: people,
technical means, work items and also immaterial
resources which include trademarks, inventions and
patents.

- System operation results in the execution of produc-
tion, auxiliary and management processes.

- The knowledge required to carry out processes is
contained in documents. Records of the conducted
processes which are the evidence of undertaken de-
cisions in the area of enterprise management are
made during the course of processes.

- Various types of hazards and risks are connected to
the execution of construction works.

- Very important for the appropriate functioning and
development of an enterprise is an assessment of the
carried out processes, employed people, cooperating
companies and implemented projects.

- The results of these evaluations have an impact on
undertaken development decisions regarding the im-
plementation of innovations and initiation of organi-
zational changes. A stream of these changes creates
new knowledge in an enterprise.

Identified areas of knowledge are included in a
Knowledge Map.
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5.2. Knowledge Map structure

The proposed map emphasizes seven domains of knowl-
edge which are crucial, according to the authors, for
appropriate enterprise management in the construction
industry, namely: System and environment; Assets and
resources; Processes; Documents; Completed and ongo-
ing projects; Analysis and corrections and also Lessons
learned. In every domain of knowledge, three elements
of knowledge have been specified (Hota, Polak 2011).
Figure 5 presents a fragment of a computer screen, in
which the structure of the proposed Knowledge Map is
shown. The computer program Knowledge Map was cre-
ated with the use of Access technology. Clicking with
the mouse in the appropriate element of the Knowledge
Map enables information to be obtained about a higher
level of accuracy.

5.2.1. System and environment

The first domain which is described as “System and envi-
ronment” is used to identify a construction company and
its business environment. This domain includes knowl-
edge about the area of an enterprise’s business activity,
organizational structure of an enterprise, departments, in-
stitutions and enterprises with whom cooperation stem,
either from current laws or due to business or research
reasons.

5.2.2. Assets and resources

The second domain of knowledge includes information
about assets and resources which belong to an enterprise.
It is used to identify human resources and also tangible
and intangible assets of an enterprise. Human resources
consist of: management, engineering and technical staff,
office workers and construction workers. The tangible re-
sources include: possessed machines, devices and tools
and also buildings objects. The intangible resources in-
clude: trademarks, utility models, inventions and patents
and works protected by copyright.

5.2.3. Processes

A set of processes included in the domain “Processes” has
been divided into three subsets, namely a subset of main,
auxiliary and management processes. A subset of main
processes includes processes occurring in the construc-
tion investment process. Auxiliary processes are related
to the subject of production through performed service
functions and include purchases, tests and inspections.
Management processes include processes that occur in
any enterprise regardless of the type of business activ-
ity. It includes: staff management, resources, finances and
risk processes and also management in the field of tacti-
cal supervision and in the area of general administration.
Figure 6 presents an exemplary expansion of the element
of “Main Processes”. At the lowest level of this expan-
sion, a detailed procedure of a sought after process can
be found; information about documents required to initi-
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Fig. 6. An expansion of the knowledge element “Main Processes”

ate a process and created in the course of the process and
also information about people responsible for the course
of a process.

The correct identification of processes occurring in
an organization and the links and interactions between
them enables subsequent monitoring, supervision and
process improvement. The prototype of the Knowledge

Map includes a set of eighty-one model procedures of
processes occurring in Polish construction enterprises.

5.2.4. Documents

The “Documents” domain has been divided into three
subsets. The first subset is formed from internal docu-
ments which are created in a construction enterprise
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such as: work instructions, orders, reports, notes from
meetings etc. The second subset contains external docu-
ments required by laws such as: legal acts, regulations
and standards. The third subset called “Supervision of
documents” specifies people who are responsible for cre-
ating, supervising, approving and storing documents. In
this domain, a user of the system will also find the forms
and formats of the typical documents found in a construc-
tion enterprise and also references in the form of a link
to websites from where current applicable laws, regula-
tions and forms can be downloaded. The prototype of the
Knowledge Map contains a list of about 300 documents
occurring in civil engineering and examples of selected
documents. During the implementation of the Knowledge
Map in an enterprise, a set of processes and documents
related to them are adapted to the needs of the enterprise.

5.2.5. Completed and ongoing projects

“Completed and ongoing projects” is a very important
domain which gives a Knowledge Map its dynamic char-
acter. In this domain, sets of processes occurring in each
project executed by an enterprise are formulated. On the
basis of control questions, it is possible to group pro-
cesses for each construction project. The result of group-
ing is a set of processes related to the implementation of
a specific customer order. Along with processes, required
documents and responsibilities of personnel involved in
the project are automatically generated. In this module
a system user will find information about construction
projects already completed, in the phase of implementa-
tion or planned for implementation. They can be seen
as examples for identical or similar subsequent projects.

5.2.6. Analysis and corrections

The “Analysis and corrections” domain includes the fol-
lowing components: assessment of suppliers, employees
and processes; complaints and corrective actions. The
evaluation of suppliers, employees and processes is car-
ried out according to the category of quality, well-known
in the quality engineering rating method proposed by
Kolman (2004). For each evaluated object, evaluation cri-
teria, coefficients of importance of each criteria and the
interval of ratings assigned to each criterion have been
specified. The final score of an evaluation is calculated
using the formula:

20 M ki
Ki = = m = : ) (1)
D Wi

where: m is the number of criteria; j is the next criterion;

w; ; — are coefficients of importance of criterion j for
the object #; &, ; — is evaluation of the criterion j for the
object i.

Very important for the appropriate functioning of
an enterprise in the construction market is information
contained in other elements of the “Analysis and correc-
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tions” domain which relate to reported complaints and
introduced corrections. The register of complaints will
provide a source of information on the quality of provid-
ed services and also indicate areas requiring corrections
in both quality of services and enterprise management.

5.2.7. Lessons learned

The last very important domain included in the Knowl-
edge Map refers to “Lessons learned”. All achievements
resulting from the implementation of construction pro-
jects, individual and group experiences, applications of
employee’s ideas, suggestions for improvement and also
innovations and changes resulting from them are record-
ed here. It can be concluded that the condition for the
existence of a knowledge management system is the iden-
tification and registration of development contents (in-
novations and changes). The “Lessons learned” domain
contains a record of: preventive actions and innovations
and also an element called “Change of knowledge state”
which is used to estimate knowledge values gained in the
analyzed period of time.

Figure 7 shows a scheme of the process of acquir-
ing knowledge based on a construction project. The pro-
cess starts with the selection of processes for a particu-
lar project and ends with the collection of results and
evaluation. Processes included in the project are selected
from a set of exemplary processes included in the “Pro-
cesses” domain. Evaluations are carried out on the basis
of the course of the project. Results of the evaluation are
used for making development decisions which generate
changes aimed to the application of knowledge gained
on the basis of the project. All changes are recorded in
the Knowledge Map. The primary objective of initiating
changes is an achievement of a better market position of
construction services.

A very important and discussed issue is the measure-
ment of knowledge. Measurement methods of knowledge
have been proposed in studies (Arif et al. 2009, 2012;
Wen 2009; Gruszczynska-Malec, Rutkowska 2011). In
this research it was assumed that the following evidence
will state whether knowledge is created in an enterprise,
such as: reported innovations and also preventive and
corrective actions. Knowledge may also diminish. It

Changes, P
innovations
A\ 4
Set of management Construction Lessons Learned
processes project (innovations and their
implementations)
Grouping of Compilation of results
processes for and assessment of
project project

Fig. 7. A scheme of the process of acquiring knowledge
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was assumed that this phenomenon may be confirmed
by provided complaints. In order to evaluate an increase
of knowledge in a specified period of time, the number
of such events and coefficients of importance of these
events are taken into consideration. The level of generat-
ed knowledge in a specified period of time is determined
by the following formula:

z (lka +lzwz +liwi _lrwr)

Wi W, Wy w,

w ; 2)

where: 7 — is the number of corrective actions; k =1,
..., K5 wy — is the coefficient of importance of corrective
actions; /., — is the number of preventive actions, z =1,
..., Zy w, — is the coefficient of importance of preventive
actions; /; — is the number of innovative actions; i = 1,
... I; w; — 1s the coefficient of importance of innovative
actions; /.— is the number of complaints; » =1, ..., R; w,.—
is the coefficient of importance of complaints.

5.3. Implementation and validation of the Knowledge
Map in enterprises

The Knowledge Map was implemented in two construc-
tion enterprises, namely, in executive enterprise A and
project enterprise B. Enterprise A conducts activities
which consist of constructing new buildings and renovat-
ing existing ones. Economic activity is carried out in the
area of the whole country, but most projects are carried
out in Lower Silesia. Enterprise B performs comprehen-
sive project documentations in the field of transport con-
struction. Project documentations are prepared in all pos-
sible stages. In addition to design works, the enterprise
also performs surveying and geotechnical works, stud-
ies in the field of environmental protection, study works,
economic analysis, tender documentation and other spe-
cialized elaborations.

During implementation the program was installed
on computers selected by owners, information about the
enterprise was introduced and changes in the program
involving the adaptation of the Knowledge Map contents,
especially the adaptation of conducted processes to the
specificity of the enterprise, were implemented. Exem-
plary evaluations of employees, suppliers and processes
were also executed.

Figure 8 shows exemplary results of the evaluation
of the process “purchase of auxiliary materials” which
was carried out in semi-annual periods of time. The re-
sults of evaluations obtained in subsequent periods, pre-
sented in the chart, show the development trend of the
quality level of the assessed process. A fragment of a
computer screen presented in Figure 8 shows the meth-
odology of process evaluation in the computer version.

The history of evaluations of the assessed process
which is shown in the chart indicates that in the first year,
from the moment of the implementation of the evaluation
system, the level of process quality increased but did not
reach an advantageous level above 70%. In the subse-
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quent examined time periods a decline of the value of
the process quality coefficient is noticeable. In the mid-
dle of the second year and at the end of the second year,
an evaluation result of only 54% was obtained. This in-
dicates a moderate level of quality which is close to the
disadvantageous level.

Due to a graphic illustration of the phenomenon,
changes occurring in evaluations can be observed, trends
can be analyzed and reasons for these changes can be
investigated. Works used to verify the developed model
under various conditions of enterprise operation are cur-
rently being carried out.

Conclusions

The presented model of the Knowledge Map was built
based on the results of research and analysis carried out
in small and medium-sized construction enterprises in
Poland. It was assumed that the Knowledge Map will
be based on a process approach to management which
is recommended in ISO standards related to quality
management. Based on the conducted research, typical
primary (executive), auxiliary and management processes
occurring in construction enterprises were defined. The
results of carried out audits enabled the formulation of
procedures of model management processes in accordance
with the recommendations of ISO standards and the
identification of documents related to these processes.
The proposed Knowledge Map consists of the fol-
lowing seven domains of knowledge: System and envi-
ronment; Assets and resources; Processes; Documents;
Completed and on-going projects; Analysis and correc-
tions and also Lessons learned. Moreover, each domain of
the Knowledge Map consists of three elements. After im-
plementation and application in an enterprise, the Knowl-
edge Map will possess assets of information regarding:
- an appropriate course of all the processes occurring
in an enterprise and also information about docu-
ments related to these processes — required to initiate
a process and created during a process;
- completed construction projects which can be used as tem-
plates for the execution of the same or similar projects;
- suppliers and subcontractors, and especially results
of their evaluations which will be useful to select
suppliers and subcontractors for future projects;
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- evaluations of employees, which will enable to ver-
ify if an employee is active, what value he provides
to an enterprise and whether the employee should
be rewarded.

The Knowledge Map has a universal character which
means that it is able to be implemented in construction
enterprises with different scopes of building activity. This
is due to the possibility of flexible formulation of a set
of developed processes in accordance with the require-
ments of ISO 9001 (2008) standards and documents re-
lated to them, depending on the needs of an enterprise.
Activities recorded in the Knowledge Map with a devel-
opmental character will enable the evaluation of changes
in the knowledge state of an enterprise in specified time
intervals, which can be an indicator of a company’s de-
velopment.

The developed IT system was implemented in two
construction enterprises providing services in the area of
designing and executing building structures. Conclusions
drawn from the course of the process implementation and
consultations carried out in enterprises enabled the future
direction of works to be indicated.
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