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Abstract

The dissertation investigates management of construction project, that of
the participating and pursuing the aims interested parties and that of external
macro-micro environment influencing the process. Aiming for efficient design
and construction project management an integrated analysis of the process
stages is needed. The contribution of project, organizational and external envi-
ronment factors should also be taken into account. The investigated problem is
assigned to an increasing the efficiency of construction project management via
employing the multiple criteria decision support methods and information
technologies.

The aim of the dissertation is the evaluation and enhancement of the effec-
tiveness of construction project management by employing the created Model
for Integrated Project Management. This model is used to develop the Con-
struction Project Management Multiple Criteria Decision Support System
based on the complex systems theory and methods of multiple criteria analysis
and multi alternative design.

The thesis consists of an introduction, three chapters, conclusions and sug-
gestions, and the list of references.

The first Chapter introduces the current situation and achievements in con-
struction management, approaches and systems in construction, valuation crite-
ria and modeling principles of the process.

The second Chapter is assigned to analysis of marketing systems, effi-
ciency values and the developed model for integrated project management.

The third Chapter presents description of decision support system ele-
ments, including explicit description for creating valuation components of the
system. The proposed method is realized via solution of an actual problem.

The main statements of the dissertation were discussed at nine interna-
tional research conferences. The material presented in the dissertation was pub-
lished in six scientific articles: two articles in the Thomson ISI Web of Science
register, four articles in the EBSCO and ICONDA registers.



Reziumeé

Disertacijoje nagrinéjamos statybos projekto valdymas, jame dalyvaujan-
¢ios ir savo tikslus siekiancios jgyvendinti suinteresuotos grupés bei valdyma
veikianti iSoriné makro- ir mikroaplinka. Norint sukurti ir pasiekti efektyvy
statybos projekty valdyma, reikia atlikti kompleksing jo etapy analize. Be to,
reikia atsizvelgti i projekto, organizacinés ir iSorinés aplinkos veiksniy poveiki.
Nagrinéjamas statybos projekty valdymo efektyvumo didinimas, panaudojant
daugiakriterinés analizés sprendimy paramos metodus ir informacines techno-
logijas.

Darbo tikslas — jvertinti ir pagerinti statybos projekty valdymo efektyvu-
ma, naudojant sukurta Integruoto projekty valdymo modeli. Naudojant §j mo-
deli buvo sukurta Daugiakriteriné statybos projekty valdymo sprendimy para-
mos sistema, pagrista sudétingy sistemy teorija ir daugiakriterinés analizés bei
variantinio projektavimo metodais.

Darba sudaro ivadas, trys skyriai, i§vados ir pasiiilymai, literattiros sarasas.

Pirmame skyriuje apzvelgiama esama situacija ir pasiekimai projekto val-
dymo srityje, valdymo metodai ir sistemos, vertinimo kriterijai ir valdymo pro-
ceso modeliavimo principai.

Antrame skyriuje analizuojamos marketingo sistemos, efektyvumo para-
metrai ir apraSomas sukurtas Integruoto projekty valdymo modelis.

Treciame skyriuje apraSomi sprendimy paramos sistemos elementai, pla-
Ciai aprasomi sistemos vertinimo komponenty sukiirimas. Pasitlytasis metodas
iliustruotas aprasant aktualaus praktikoje uzdavinio sprendima.

Pagrindiniai darbo teiginiai buvo aptarti devyniose tarptautinése ir nacio-
nalinése konferencijose ir seminaruose. Darbo rezultatai buvo publikuoti Se-
Siuose moksliniuose straipsniuose, i§ jy dviejuose zurnaluose, jtrauktuose i
Thomson ISI duomeny baze, keturiuose — EBSCO ir ICONDA duomeny
bazése.
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Introduction

The Investigated Problem

Aiming for efficient design and construction project management an integrated
analysis of the process stages is needed. The contribution of project, organiza-
tional and external environment factors should also be taken into account. The
investigated problem is assigned to an increasing the efficiency of construction
project management via employing the multiple criteria decision support meth-
ods and information technologies.

Importance of the Thesis

The level of the efficiency of construction project management depends on a
number of variables distributed in three levels, namely: project, organizational
and external ones. Thus, the efficiency of construction project management
depends on the aggregate effect of factors of above listed levels. The problem
is how to define an efficient construction project management when the alter-
native project versions achieve the number of hundreds thousand and the effi-
ciency changes with the alterations in the project, organizational and external
environment conditions and the constituent parts of the process. Moreover, the
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realization of some objectives seems to be more rational from the economic
perspective thought, while they have the various significances when consider-
ing the other perspectives. Finally, it is stated that the efficiency of a construc-
tion project management depends on the rationality of its stages as well as the
rational character of environmental conditions.

The Object of Research

The level of the efficiency of construction project management depends on a
number of variables distributed in three levels, namely: project, organizational
and external ones. Thus, the efficiency of construction project management
depends on the aggregate effect of factors of above listed levels. The problem
is how to define an efficient construction project management when the alter-
native project versions achieve the number of hundreds thousand and the effi-
ciency changes with the alterations in the project, organizational and external
environment conditions and the constituent parts of the process. Moreover, the
realization of some objectives seems to be more rational from the economic
perspective thought, while they have the various significances when consider-
ing the other perspectives. Finally, it is stated that the efficiency of a construc-
tion project management depends on the rationality of its stages as well as the
rational character of environmental conditions.

The Goal of the Thesis

The aim of the dissertation is the evaluation and enhancement of the effective-
ness of construction project management by employing the created Model for
Integrated Project Management. This model is used to develop the Construc-
tion Project Management Multiple Criteria Decision Support System based on
the complex systems theory and methods of multiple criteria analysis and multi
alternative design.

The Tasks of the Thesis

Aiming to reach the aim, the following objectives are set:
1. To analyze research made by investigators of various countries in the field
of current investigation.
2. To identify and describe the major worldwide construction project manage-
ment trends and provide subsequent recommendations.
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3. To develop a Model for Integrated Project Management based on the com-
plex systems theory.

4. To verify the Model for the Integrated Project Management in the opera-
tional conditions.

5. To suggest the systems and subsystems of criteria related to the construc-
tion project management.

6. To adapt methods for performing multivariant design and multiple criteria
analysis of the alternatives for the construction project management.

7. To show how changes in the project, organizational and external environ-
ment influence changes in the value and utility degree of the construction
project management.

8. To develop the Multiple Criteria Decision Support System of Construction
Project based on the complex systems theory and the developed Model.

9. To develop the complex databases of a construction project management
and its stages.

Research Methodology

The research methodology is based on the analysis of worldwide publications in
this field. The thesis is based on the analysis of worldwide research and other
publications, encyclopedia directories, specialized dictionaries, statistical pub-
lications, statistical data of various countries on the internet, other scientific
and informational publications of different research institutions. The Methods
for processing data of project multi-criteria analysis, created by Zavadskas and
Kaklauskas (Kaklauskas et al. 2005), and complex systems theory were applied
to the researches that were made.

Importance of Scientific Novelty

1. An original Model for an integrated project management enabling the user
to analyze a construction project management and its separate parts as
well as the whole one, which of the organizational and external environ-
ment is developed.

2. The suggested systems and subsystems of criteria relating to a con-
struction project management and based on economic, technical,
technological, managerial, qualitative, legislative, social and other
factors are developed.
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3. Methods for performing multi- analysis of global research shows that the
existing intelligent systems do not perform the multi-variant design of
construction project management alternatives.

4. Methods for performing multivariant design and multiple criteria analy-
sis of the alternatives developed by E. K. Zavadskas and A. Kaklauskas
and the theory of complex systems have been adapted for the construc-
tion project management.

5. A formalized presentation of the research shows how the changes in the
project, organizational and external environment influence the changes in
the value and utility degree of the construction project management.

6. The Construction Project Management Multiple Criteria Decision Sup-
port System was developed based on the complex systems theory and
Model.

7. Complex databases of a construction project management and its stages
have been developed.

Practical Significance of Achieved Results

The achieved research results can be used for efficient decision-making in con-
struction project management via employing the developed Model for Inte-
grated Project Management. The results have been used in WSP CBP Consult-
ing Engineers AG, Germany.

The Defended Statements

1. The developed Model for Integrated Project Management allows descri-
bing adequately the construction project management, that of the stake-
holder groups and organizational and external environment influence the
project process. The model allows valuation the above factors as an in-
tegral system for making an efficient decision.

2. The developed integrated construction project management database al-
lows describing construction project management and surrounding pro-
ject, organizational and external environment accurately.

3. The adapted complex systems theory, multi-variant design and multi-
criteria analysis methods were improved and adjusted to the developed
Model for an Integrated Project Management; they allow automating
composition of numerous alternatives and making integrated evaluation
of their economic, technical, qualitative, technological, organizational,
managerial, legal and other aspects, as well as making a decision.
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4. The developed Multiple Criteria Decision Support System of Construc-

tion Project Management and its testing in practice confirmed the effi-
ciency of the developed model, that of the methods and that of the sys-
tem.

Approval of the Results

The material presented in the thesis was published in six scientific articles. The
main statements of the dissertation were discussed at nine international and
national scientific conferences and seminars:

The International Conference on Business and Management, held in Vil-
nius, 2008;

The 9-th International Conference “Modern Building Materials, Struc-
tures and Techniques, held in Vilnius, 2007,

The Munich Symposium of Civil Engineering, held in Munich, 2005;
The Seminar on Management in Construction, held in Augsburg, 2001;
The VHK-Forum “Bau” — 98 Bayern, held in Munich, 1998;

The VHK-Forum “Bau” — 97 Bayern, held in Munich, 1997;

The VHK-Forum “Bau” — 96 Bayern, held in Munich, 1996;

The VBI Seminar, held in Munich, 1995;

The VDI Congress, held in Hanover, 1992.

Dissertation Structure

The dissertation consists of an introduction, three chapters, conclusions and
suggestions, and the list of references.

The total scope of dissertation is 135 pages, 6 expressions, 11 figures,
1 table and 145 references.






The Analysis of Up-to-date Research
for Construction Project
Management

1.1. Integrated Construction Project Management

The definitions of project management (PM) and construction management can
be found in different literature sources as follows:

e The delivery and management of projects — it is usually performed by
Program Management specialists (Ancarani, Capaldo 2005).

e Project management — application of the knowledge, skills, tools and
techniques during the project activities in order to meet or surpass the
needs and expectations of all the participants interested in the project re-
sults (Anderson, McNeil 2005).

e The methods and disciplines used to define goals, plan and monitor tasks
and resources, identify and resolve issues, and control costs and budgets
for a specific project (Baldwin ez al. 2008).

e PM is a business process of the project-oriented company. The PM proc-
ess starts with the project assignment and ends with the project approval.
It consists of the sub-processes project start, project coordination, project
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controlling, project discontinuity management and project close-down
(Ballestin et al. 2009).

e Project management is the process by which projects are defined, plan-
ned, monitored, controlled and delivered such that the agreed benefits
are realized. Projects are unique, transient endeavors undertaken to
achieve a desired outcome (Brown et al. 2007).

e PM is a critical skill required for execution. It is an essential organizing
and managerial discipline in getting things done (Baiden et al. 2006).

e The techniques & tools used to describe, control & deliver a series of ac-
tivities with given deliverables, timeframes & budgets (eTraiding Part-
ners 2009).

¢ Planning, monitoring and control of all aspects of a project and the moti-
vation of all those involved in it to achieve the project objectives on time
and to the specified cost, quality and performance (Alternative defini-
tion— The controlled implementation of defined change) (Cameron
2005).

¢ A management philosophy that says that efficient management will yield
effective results. Specifically, efficient management of resources and
constraints to perform tasks in order to achieve a desired result (Foran et
al. 2005).

e Support of initiatives through the provision of project management
(Twort and Rees 2004).

e The leadership role which plans, budgets, co-ordinates, monitors and
controls the operational contributions of property professionals, and oth-
ers, in a project involving the development of land in accordance with a
client's objectives in terms of quality, cost and time (Caldas, Soibelman
2003).

e Project Management is a formalized and structured method of managing
change in a rigorous manner. It focuses on achieving specifically defined
outputs that are to be achieved by a certain time, to a defined quality and
with a given level of resources so that planned outcomes are achieved
(Cheng et al. 2009a).

e A professional management practice consisting of an array of services
applied to construction projects and programs through the planning, de-
sign, construction and post construction phases for the purpose of
achieving project objectives including the management of quality, cost,
time and scope (Chen and Chen 2009).

e Organizing and directing men, materials, and equipment to accomplish
the purpose of the designer (Cheng et al. 2009a).



1. THE ANALYSIS OF UP-TO-DATE RESEARCH FOR... 9

e Where a contractor is engaged to manage the construction of a project
for an agreed fee and the trade contractors are engaged either directly by
the client or an open book analysis (Lin and Hsieh 2004).

e Construction supervision by a qualified manager (Chrisp et al. 2003).

A construction project manager is a professional in the field of construc-
tion project management. Project managers are responsible for planning, exe-
cution, and closing of construction project. A project manager is the person
accountable for accomplishing the stated construction objectives. Key project
management responsibilities include creating clear and attainable construction
objectives, building the project requirements, and managing the triple con-
straint for projects, which is cost, time, and scope (Wikipedia 2009f).

Project management is quite often the province and responsibility of an in-
dividual project manager. This individual seldom participates directly in the
activities that produce the building, but rather strives to maintain the progress
and mutual interaction and tasks of various parties in such a way that reduces
the risk of overall failure, maximizes benefits, and restricts costs (Slideshare
2009).

The tools, knowledge and techniques for managing projects are often
unique to construction management. For example: work breakdown structures,
critical path analysis and earned value management. Understanding and apply-
ing the tools and techniques which are generally recognized as good practices
are not sufficient alone for effective construction management. Effective con-
struction management requires that the project manager understands and uses
the knowledge and skills from at least four areas of expertise (AIPMI 2009).

When recruiting and building an effective construction team, the manager
must consider not only the technical skills of each person, but also the critical
roles and relationships between workers. A construction project manager is a
professional in the field of construction project management. Project managers
can have the responsibility of the planning, execution, and closing of construc-
tion project (Wikipedia 2009f).

Recently a different business models (design-build, owner-designer,
owner-construction manager, owner-builder, etc.) has become more popular.
Many owners, particularly government agencies, have let out contracts, which
are known as Design-Build contracts. In this type of contract, the construction
team is known as the design-builder. They are responsible for taking a concept
developed by the owner, completing the detailed design, and then pending the
owner's approval on the design, they can proceed with construction. Virtual
Design and Construction technology has enabled much of the ability of con-
tractors to maintain tight construction time frames (Reference.com 2009).

An alternate contract or business model replaces the two traditional con-
tracts with three contracts: owner-designer, owner-construction manager, and
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owner-builder. The construction management company becomes an additional
party engaged in the project to act as an advisor to the owner, to which they are
contractually tied. The construction manager's role is to provide construction
advice to the designer, on the owner's behalf, design advice to the constructor,
again on the owner’s behalf, and other advice as necessary (Siegmann 2009).

Virtual Design and Construction (VDC) is the use of integrated multi-
disciplinary performance models of design-construction projects, including the
Product (i.e. facilities), Work Processes and Organization of the design-
construction-operation team in order to support explicit and public business
objectives. The theoretical basis of VDC includes (Open Link 2009):

e Engineering modeling methods: product, organization, process;

¢ Analysis methods (model-based): including schedule, cost, 4D interac-

tions and process risks;

e Visualization methods;

e Business metrics and focus on strategic management;

e Economic Impact analysis (i.e., models of both the cost and value of

capital investments).

“VDC models are virtual because they show computer-based descriptions
of the project. The VDC project model emphasizes those aspects of the project
that can be designed and managed, i.e., the product (typically a building or
plant), the organization that will define, design, construct and operate it, and
the process that the organization teams will follow, or POP. These models are
logically integrated in the sense that they all can access shared data, and if a
user highlights or changes an aspect of one, the integrated models can highlight
or change the dependent aspects of related models. The models are multi-
disciplinary in the sense that they represent the Architect, Engineering, Con-
tractor (AEC) and Owner of the project, as well as relevant sub disciplines. The
models are performance models in the sense that they predict some aspects of
project performance, track many that are relevant, and can show predicted and
measured performance in relationship to stated project performance objectives.
Some companies now practice the first steps of VDC modeling, and they con-
sistently find that they improve business performance by doing so.” (Kunz and
Fischer 2007).

There are two main advantages to using a design-build contract. First, the
construction team is motivated to work with the design team to develop a de-
sign with constructability in mind. In that way it is possible for the team to
creatively find ways to reduce construction costs without reducing the function
of the final product. The owner can expect a reduced price due to the increased
constructability of the design. The other major advantage involves the sched-
ule. Many projects are given out with an extremely tight time frame. By letting
out the contract as a design-build contract, the contractor is established, and
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early mobilization and construction activities are able to proceed concurrently
with the design. Under a traditional contract, construction cannot begin until
after the design is finished, the project is bid and awarded, and the team can
mobilize. This type of contract can take months off the finish date of a project
(Kota 2009).

Construction Cost Management is a fee-based service in which the Con-
struction Manager (CM) is responsible exclusively to the owner and acts in the
owner's interests at every stage of the project. The construction manager offers
advice, uncolored by any conflicting interest, on matters such as (Cor-
doba 2009):

e Optimum use of available funds;

Control of the scope of the work;

Project scheduling;

Optimum use of design and construction firms' skills and talents;
Avoidance of delays, changes and disputes;

Enhancing project design and construction quality;

Optimum flexibility in contracting and procurement;

Cash flow Management.

Comprehensive management of every stage of the project, beginning with
the original concept and project definition, yields the greatest possible benefit
to owners from Construction Management. As time progresses beyond the pre-
design phase the CM’s ability to effect cost savings diminishes. The Agency
CM can represent the owner by helping to select the design team as well as the
construction team and manage the design preventing scope creep, helping the
owner stay within a pre-determined budget by performing Value Engineering,
Cost/Benefit Analysis and Best Value Comparisons. The Agency CM can even
provide oversight services for a CM At-Risk contract (BOYD Construc-
tion 2009).

CM at-Risk is a delivery method which entails a commitment by the con-
struction manager to deliver the project within a Guaranteed Maximum Price
(GMP), in most cases. The construction manager acts as consultant to the
owner in the development and design phases, (often referred to as “Precon-
struction Services”), but as the equivalent of a general contractor during the
construction phase. When a construction manager is bound to a GMP, the most
fundamental character of the relationship is changed. In addition to acting in
the owner’s interest, the construction manager must manage and control con-
struction costs to not exceed the GMP, which would be a financial hit to the
CM Company (MWH 2009).

CM “At Risk” is a global term referring to a business relationship of Con-
struction contractor, Owner and Architect / Designer. Typically, a CM at Risk
arrangement eliminates a “Low Bid” construction project. A GMP agreement is
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a typical part of the CM and Owner agreement somewhat comparable to a
“Low Bid” contract, but with a number of adjustments in responsibilities re-
quired by the CM. Aspects of GMP agreements will be elaborated below. The
following are some primary aspects of the most potential benefits of a CM At
Risk arrangement: Budget management: Before design of a project is com-
pleted (6 months to 1-1/2 years of coordination between Designer and Owner),
the CM is involved with estimating cost of constructing a project based on
hearing from the designer and Owner (design concept) what is going/desired to
be built. Upon some aspect of desired design raising the cost estimate over the
budget the Owner wants to maintain, a decision can be made to modify the
design concept instead of having to spend a considerable amount of time, effort
and money re-designing and/or modifying completed construction documents,
or, the Owner decides to spend more money or obtain higher financial support
for the project. To manage the budget before design is done, construction crews
are mobilized. CM is spending tens of thousands per week just having onsite
management, major items are purchased, etc, is an extremely more efficient use
of everyone’s time, effort, Architect/Designer’s costs, and the CM’s General
Conditions costs, AND delivering to the Owner a design within his budget (Pe-
diaView 2009).

1.2. Artificial Intelligence Approaches and Systems
in Construction

The ability over the course of a construction project to make reliable predic-
tions regarding cash flows enhances project cost management. This research
uses artificial intelligence (Al) approaches to predict cash flow trends for such
projects in order to develop appropriate strategies that apply factors such as
float, process execution time, construction rate and resource demand to project
cash flow control. Al approaches involved in this research include K-means
clustering, genetic algorithm (GA), fuzzy logic (FL), and neural network (NN).
K-means clustering is employed to categorize similar projects, while the other
approaches are used to develop the Evolutionary Fuzzy Neural Inference
Model (EFNIM), a knowledge learning model. FL. and NN are employed in the
EFNIM to develop a neural-fuzzy model that can deal with uncertainties and
knowledge mapping. GA is used to optimize the membership functions of FL.
and NN parameters globally. The major target of this Al learning is to address
sequential cash flow trends. This trained result is furthermore applied to a stra-
tegic project cash flow control. This cash flow control affects project perform-
ance within the banana envelope of the S-curve for project management
(Cheng 2009c).
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Long and Ohsato (2009) develop a new method for scheduling repetitive
construction projects with several objectives such as project duration, project
cost, or both of them. The method deals with constraints of precedence rela-
tionships between activities, and constraints of resource work continuity. The
method considers different attributes of activities (such as activities which al-
low or do not allow interruptions), and different relationships between direct
costs and durations for activities (such as linear, non-linear, continuous, or dis-
crete relationship) to provide a satisfactory schedule. In order to minimize the
mentioned objectives, the proposed method finds a set of suitable durations for
activities by genetic algorithm, and then determines the suitable start times of
these activities by a scheduling algorithm. The bridge construction example
from literature is analyzed to validate the proposed method, and another exam-
ple is also given to illustrate its new capability in project planning (Long and
Ohsato 2009).

In complex and high value projects, prequalification is crucial for both
contractors and clients, as it targets towards best value delivery through qualifi-
cation safeguards and streamlined competition among potential candidates.
Due to the complex nature of the procurement problems such as prequalifica-
tion exercises, the robust models are rarely attempted. Lam and Ng (2006) pre-
sent an overview of potential suitability of Support Vector Machine (SVM)
method for contractor/consultant prequalification transactions in the construc-
tion project procurements. Furthermore, the performance of SVM is compared
with specific artificial neural network outcomes. The results obtained from
practical datasets indicate encouraging potentials for SVM applications in the
procurement problems such as prequalification and contractor selection. Hence,
a SVM-based decision support framework is proposed.

In Professional Construction Management (PCM), service performance in
the design stage most affects the overall project results. However, currently it is
hard to quantify the results and make a proper determination of the quality of
the PCM design service because the evaluation mechanism and procedures
have not been completely implemented yet. To deal with the problem, the study
of Wang and Hsu (2009) investigates owners' opinions and thereby establishes
the representative performance indicators of PCM design service. An effective-
ness analysis method and a neural network method are successfully combined,
so as to construct an evaluation approach of PCM service performance in the
design stage. This approach can offer a listing of rank and level of design ser-
vice performance in PCM projects, and further provides a simple appraisal ta-
ble, so that the owner can effectively measure the performance of PCM design
service. Finally, through the case study, this approach is verified to be reason-
able and acceptable in practice. The approach can be an effective tool when
measuring the PCM design service performance and can help owners to evalu-
ate and choose PCM consultants in the design stage (Wang and Hsu 2006).
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The refurbishment market has grown greatly in the last decade. Relevant
projects are becoming increasingly more demanding in the construction indus-
try due to the emphasis on sustainability. Most refurbishment works, however,
involve a higher level of risk and uncertainty, as well as more complex coordi-
nation than new buildings. These characteristics are likely to cause asymmetric
information between contractors and tenants in a refurbishment process and
thus affect customers’ satisfaction and project performance. The study of Chou
(2009) proposes a systematic decision support approach to solve refurbishment
asymmetric information problems by using case-based reasoning (CBR) and
data envelopment analysis (DEA). The PZB model of the service quality and
fuzzy sets are applied to support the DEA operation. With this intelligent ap-
proach, tenants can select an optimal refurbishment contractor according to
their customization needs and contractors can find out their inefficient factors
to improve their business competitiveness. The proposed hybrid decision sup-
port approach is expected to be useful for both tenants and contractors in those
developed countries or regions with high refurbishment needs when they face
similar problems (Chou 2009).

In construction projects, time and cost are manageable objectives with sig-
nificant interdependencies for which sets of trade-offs may exist. Eshtehardian
et al. (2009) study presents a new approach for the solution of time—cost trade
off problems in an uncertain environment. Fuzzy numbers are used to address
the uncertainties in the activities execution times and costs. Fuzzy sets theory is
then explicitly embedded into the optimization procedure. A multi-objective
genetic algorithm is specially tailored to solve the discontinuous and multi-
objective fuzzy time-cost model with relatively large search space. The pro-
posed approach identifies the best set of implementation options defined by the
sets of non-dominated solutions. Accepted risk level and optimism of the deci-
sion maker are addressed using a-cut approach and optimism index (f§) respec-
tively. To illustrate the application and performance of the model, two case
examples are presented, for which separate Pareto fronts are developed. The
fuzzy presentation of the non-dominated solution helps the project manager to
apply his own level of risk acceptance and degree of optimism in decision mak-
ing process. Different risk acceptance level and/or optimism leads to different
scheduling and sets of Pareto solutions from which the project manager may
select his preferred options (Eshtehardian ez al. 2009).

With low demand for new construction, limited land usage, and being
aware of sustainability, the refurbishment market has grown greatly and has
become more in demand in the construction industry. Most refurbishment
work, however, involves a high level of risk, uncertainty, and coordination,
which are likely to cause asymmetric information between contractors and
residents in a refurbishment process. Most private refurbishment contractor
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selections are usually based on word-of-mouth referrals that lack a systematic
and objective assessment method. Juan et al. (2009) proposes a hybrid ap-
proach combining fuzzy set theory and quality function deployment (QFD) to
establish a housing refurbishment contractor selection model. With this model,
residents can select an optimal refurbishment contractor according to require-
ments. To test the effectiveness of the proposed model, a known multiple crite-
ria decision-making method, PROMETHEE, is applied to compare the results
of contractor selections. The result reveals that the proposed hybrid fuzzy-QFD
approach can be expected to be successful and has potential for handling multi-
ple criteria decision-making problems (Juan et al. 2009).

Conceptual cost estimates, the basis of project evaluation, engineering de-
sign, cost budgeting, and cost management, not only play an essential role in
construction project feasibility studies, but are fundamental to a project’s ulti-
mate success. As practiced today, construction cost estimates generally rely on
experts' intuitive experience. Scientific methods should be developed and em-
ployed during project planning and design stages in order to raise conceptual
cost estimate accuracy. Cheng et al. (2009a) study proposes the use of an artifi-
cial intelligence approach, the Evolutionary Fuzzy Neural Inference Model
(EFNIM), to improve cost estimation accuracy. The advantages inherent in
Genetic Algorithms, Fuzzy Logic and Neural Networks are incorporated into
the EFNIM, making this model highly applicable to identifying optimal solu-
tions for complex problems (Cheng et al. 2009a).

Supplier selection negotiation is a sophisticated and challenged job due to
the diversity of intellectual backgrounds of the negotiating parties, the many
variables involved in supply—demand relationship, the complex interactions
and the inadequate negotiation knowledge of project participants. To do the job
well, it is necessary to develop an intelligent system for negotiation support in
supplier selection process. Therefore, an artificial neural network-based predic-
tive model with application for forecasting the supplier’s bid prices in supplier
selection negotiation process (SSNP) is developed in this research. By means
of the model, demander can foresee the relationship between its alternative bids
and corresponding supplier’s next bid prices in advance. The purpose of this
research is applying the model’s forecast ability to provide negotiation supports
or recommendations for demander in deciding the better current bid price to
decrease meaningless negotiation times, reduce procurement cost, improve
negotiation efficiency or shorten supplier selection lead-time in SSNP
(http://portal.acm.org/citation.cfm?id=1465222), (Ching-Lee and Ou-Yang
2009).



16 1. THE ANALYSIS OF UP-TO-DATE RESEARCH FOR...

1.3. Methods of Multiple Criteria Analysis of
Integrated Construction Management

The determination of the utility degree and value of the integrated construction
project management under investigation and establishment of the priority order
for its implementation does not present much difficulty if the criteria numerical
values and weights have been obtained and the multiple criteria decision mak-
ing methods are used.

When drawing up the system of criteria that fully describes the life cycle
of construction management, it is worthwhile taking into account the sugges-
tions of other researchers. This is explained by the fact that the goals pursued
by the stakeholders and the system of criteria describing the integrated con-
struction management in a certain sense are rather subjective. Therefore, in
order to increase the degree of objectivity, the authors shall rely on the sugges-
tions of specialists working in this field, when drawing up the system of criteria
describing the integrated construction management. As example, some criteria
systems are presented below.

Sidwell (1983) listed several criteria which were generally used to evaluate
a project. These include time, cost, aesthetics, function, quality, client’s satis-
faction and team members’ relation. Pinto and Slevin (1988) also argued that
the triple constraints approach toward project evaluation is too simplistic. They
highlighted customer satisfaction as an important criterion for project evalua-
tion, in line with Sidwell’s (1983) evaluation method.

Freeman and Beale (1992) identified seven main criteria used to measure
project success. Five of the frequently used criteria were the technical perform-
ance, efficiency of execution, managerial and organizational implications, per-
sonal growth and manufacturer’s ability and business performance. Freeman
and Beale (1992) mentioned that it is necessary to understand the two compo-
nents of project success in order to measure success, which may comprise pro-
ject management success, or product success, or both. Project management
success measured in terms of cost, time and quality can be viewed as internal
measures of efficiency while product success is concerned with the project’s
external effectiveness (Pheng and Chuan 2006).

Contractor pre-qualification is characterized as a multi-criteria problem
with uncertain inputs. The criteria used for contractor pre-qualification include
qualitative and quantitative information. Owing to the nature of pre-
qualification, which depends on subjective judgments of construction profes-
sionals, it becomes an art rather than a science. Further, there is an inherent
non-linear relationship between the input and the output of contractor’s pre-
qualification models (El-Sawalhi et al. 2007).
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One of the most important elements in construction procurement is the
contractor selection, which can result from contractor’s ranking. Contractor
prequalification is essential in most construction projects, and the process has
been performed by many different methods in practice. In most studies of con-
tractor selection, selection criteria are assumed to be independent of each other.
However, these criteria are likely to affect each other (Darvish et al. 2009).

Risk management is used more and more in building industry projects. An
essential element of the risk management process is the analysis and evaluation
of risks. Therefore, project assessment with the help of the post-mortem analy-
sis plays an important role. The post-mortem analysis is a tool frequently used
in software projects today for the reduction of risks. The clearness of the goal
of improvement measures is sharpened by the examination of the project steps
in connection with the success factors of the organization. The results of a post-
mortem analysis deliver detailed information on where improvement measure-
ments are necessary in the project future. Growth in project management know-
how is created through the discussion of the participants of all hierarchy levels.
Therefore, the post-mortem analysis is also applicable for use in the construc-
tion project. The procedure is introduced in the work at hand (Schieg 2007).

By adopting risk management, savings potentials can be realized in con-
struction projects. For this reason, for project managers as well as real estate
developers, a consideration of the risk management process is worthwhile. The
risk management process comprises 6 process steps, which will be discussed in
greater detail below. The integration of a risk management system in construc-
tion projects must be oriented to the progress of the project and permeate all
areas, functions and processes of the project. In this, particular importance is
attached to the risks in the personnel area, for, particularly for enterprises pro-
viding highly qualified services, specialized employees are essential for market
success (Schieg 2006a, 2006b).

The multiple criteria decision making area has a large set of tools the pur-
pose of which is to help the decision-maker solve a decision problem by taking
into account several, often contradictory, points of view. In general, multiple
criteria decision making methods are divided into three large families (Vincke
1992): unique synthesis criterion, consisting of aggregating different points of
view into a unique function which must subsequently be optimized; the out-
ranking synthesis approach, using methods which aim first to build a relation,
called an outranking relation, which represents the decision-maker’s strongly
established preferences, given the information at hand; and the interactive local
judgment approach, proposing methods which alternate calculation and dia-
logue steps.
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Mota et al. (2009) present a model for supporting project managers to fo-
cus on the main tasks of a project network using a multiple criteria decision aid
(MCDA) approach.

The researchers from various countries engaged in the analysis of con-
struction management life cycle and its stages did not consider the research
object being analyzed by the authors of the present investigation. The latter
may be described as follows: a life cycle of a construction management as well
as project, organizational and external environment having a particular impact
on it making an integral whole. To investigate the research object defined in the
present research complex systems theory and some methods of multiple criteria
analysis were applied.

1.4. Determination of a Set of Criteria Pertaining to
Construction Project Management

One of the most effective ways to identify highly productive construction
firms, procurers, etc. is to hold competitions for the contract. The procedure is
discussed by the author from the client's point of view in order to show his atti-
tude towards the construction firms. Basically the competitions are organized
according to the only criterion that is price. But the client also displays his in-
terests in other characteristics such as the quality of the finished building prod-
ucts, duration of construction, etc. in which there is also no limit for improve-
ment. The reputation of the construction firm as well as its financial power
trustfulness and are of great importance. They guarantee that the contractors
will not go bankrupt and all the terms of the contract will be fulfilled. From this
example it is seen that the competitions for a certain contract should be organ-
ized taking into account the whole system of criteria, fully reflecting the objec-
tives to be reached. It is quite natural, that the construction companies like all
the parties involved into a project also seek to attain some economic or other
advantages.

Pati et al. (2009) treats rational expressions of building performance in or-
der to better support dialogues between stakeholders. These expressions are
based on the notion of objectively quantifiable performance measures, which
are introduced through a set of “performance indicators”. The indicators can be
used to quantify expectations and fulfillments in structured dialogues between
different stakeholders. The focus of the research is on the introduction of two
types of indicators:

e Based on normative models in biophysics and physiology;

e Based on empiricist models of Environment—Behavior studies.
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The treatment is positioned to support rational decision making during dif-
ferent stages of building delivery and use. The focus of this research is specifi-
cally on informing decisions during design evolution, and facility and portfolio
management phases of a building's lifecycle.

Several planning, engineering, management, and operational tasks are can-
didates for expert-system formulation (Mohan 1990):

o Constructability evaluation-some important issues include analysis of
the constructability of designs, choice of construction materials, selec-
tion of the best design-function-cost combination, bid packaging, choice
between prefabricated and in-situ construction, and feedback into the de-
sign process;

¢ Project management-several kinds of expert systems that could be built
in this area include choice of a project-delivery strategy, selection of a
contract type, design checking and management of design changes, con-
struction-contract formulation, project-financing options, A/E and CM
selection, prequalification of contractors, bidding strategies, bid evalua-
tion, evaluating progress payments, evaluating claims, management of
risks, evaluating the quality of a constructed component or facility, for-
mulation of general conditions, and formulation of technical specifica-
tions, etc.

o The recent efforts on constructability by the Construction Industry Insti-
tute, through its Constructability Task Force, provide valuable guidance
on how the management of projects can be improved (Constructability
1990):

e A constructability program is an integrated, systematic, disciplined ef-
fort to achieve the project objectives;

e To achieve maximum benefits, the constructability effort must start at
the earliest planning and conceptual stages of the project;

e Experienced construction personnel must be full-fledged members of the
project team to provide the balance that will optimize the various ele-
ments of the project in meeting the project's overall objectives, etc.

o The challenge in having an effective constructability program is the need
to integrate engineering and construction efforts so that the professional
skills and experience of both have the forum and procedures that allow
them to optimize the planning, design, procurement, construction, and
start-up phases of a project as an integrated whole (Constructability
1987).

Constructability can be described as:

¢ Project management technique to review the construction processes from
start to finish during pre-construction phrase (Scott-Young and Samson
2008).
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o The ability to construct under conditions available (HSI 2009).

e Members of a construction management (CM) firm need to recognize
that an owner who would employ their services is going to look for these
same kinds of services. The CM firm should have a program that consid-
ers, in a systematic way; all the elements and factors enumerated and are
prepared to apply them to future projects (Guidelines... 1987).

e A general contractor, in applying these constructability concepts, obvi-
ously has to tailor his program to fit his scope of responsibilities within a
particular project. If he is brought on board early in the planning to help
the owner, most of these constructability concepts apply (Guide-
lines... 1987).

Constructability optimizes the following major project elements from start

to finish of the project (Constructability 1990):

Overall project plan;

Planning and design;

Construction-driven schedule;

Costs or estimates;

Construction and major construction methods.

Factors to be considered in a constructability program include the follow-

ing (Constructability 1990):

e Managing the project;

Project delivery system;

Contracting strategy;

Risk management;

Work package breakdown;

Labor plan;

Access to site: size of equipment, weather restraints and urban restric-
tions;

Site layout;

Access to install and replace large equipment within the structure;
Sequence of construction;

Rigging plan;

Availability and procurement of long lead time equipment and materials;
Prefabrication;

Preassembly;

Modularization;

Construction management organization plan;

Quality management; materials management;

Site facilities (offices, temporary power, water, sewer, security, roads,
parking, lay down, etc.);
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o Safety;

e Operability;

e Maintainability.

Further it should be discussed three earlier mentioned criteria: contracting
strategy, construction and risk management.

The choice of the most appropriate contracts form for any particular pro-
ject depends on a variety of factors, such as the time available before the build-
ing must be completed and ready for occupation, the time available for the
preparation of tender documents, the detailed knowledge of the scope of the
work and employers’ requirements at the outset, the possibility of variations
being required to be incorporated during the progress of the work, and the pos-
sibility of having consultants and specialist sub-contractors chosen and ap-
pointed by the employer before the main contract is let. All must be considered
and given their respective priorities before the decision as to the type of con-
tract to be used is made (Constructability 1987).

The factors that affect selection of the type of contract include the follow-
ing (Constructability 1990):

e Owner’s corporate policy on contracting;

Availability of in-house experienced personnel;

Time available to get the project designed and constructed:;
Desire of owner to control elements of project;
Importance of cost to owner;

Amount of risk owner wants to contract out;

Availability of contractors;

Local construction climate;

Experience or confidence in contractor or design builder;
Pre-contract period (long, short);

Consultants (chosen by contractor or employer);
Sub-contractors (domestic, nominated);

Valuations of variations (expensive, cheap, at cost);
Completion (fixed, controlled, at large).

The competitions for the actual contract should be organized taking into
account a set of criteria, reflecting the objectives to be attained (Constructabil-
ity 1990):

¢ Estimated cost of project;

Quality of final building product;

Duration of construction;

Financial strength of building firm;
Reliability of building firm;

Organization and management capabilities;
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Ability to formulate practical programs;

Ability to maintain program;

Standard of workmanship;

Site organization;

Conduct of labor relations;

Relations with sub-contractors and statutory authorities;

Attention to site welfare and safety,

Degree of co-operation;

Appropriateness of organizational structure;

Effectiveness of communication;

Flexibility of management;

Motivation of the team;

Experience of the team;

Did rely extensively on sub-contractors?
Were there any problems with payments to sub-contractors and
suppliers?

e Were defects remedied promptly?

e Were final accounts settled satisfactory?

The factors, representing major objectives of a construction firm, are di-
vided into four hierarchical groups:

e Job related (type, owner, profitability, location, size, degree of hazard);

e Market related (need for work, strength of firm);

e Firm related (economic condition, competition);

e Resource related (supervisory personnel, estimators, subcontractors)

(Ahmad 1990).

The lower-level criteria, or sub criteria, as determined from the results of
the questionnaire survey, are grouped under each of these categories. This hier-
archy of objectives implies that attainment of a lower-level objective contrib-
utes to the overall attainment of the higher-level objective, to which the lower-
level objective belongs (Ahmad 1990).

The strength of the decision depends on the degrees of attainment of these
objectives. The degrees are measured in terms of worth (or score) attached to
each of the lower-level factors that represent the objectives (Ahmad 1990).

The construction manager, either the owner, a CM firm, or the general
contractor, during the construction phase has to develop a plan to control site-
related facilities and operations to facilitate constructability. Included are such
things as site facilities (offices, temporary power, water, sewer, security, roads,
parking, etc.); a labor plan, materials management, a rigging plan, a construc-
tion management organization plan, safety, and an intra-plant access plan to
move people, materials, and equipment around the site. Major construction
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methods to be employed have to be identified early, since they may determine
how the project must be designed. These methods include the use of construc-
tion equipment, labor, effect of weather, and work sequencing (Constructability
1987).

On the basis of such rational constructability program the maximum bene-
fits can be achieved. For example, business Roundtable report (Constructability
1987) estimates that constructability improvements saved at least 10—20 times
the cost of the constructability effort. Specific projects have reported 6-10%
savings of construction costs (Constructability 1986).

1.5. Establishment of Interested Parties

One of the major problems for enhancement of efficiency of the construction
project management is establishment of rational interested parties. Each party
concerned estimate the increase of efficiency as the ratio of their effort put into
the project and real gain obtained in realization of it (factors of risk, the amount
of received pay, how and to which degree the other demands were satisfied, etc.).
In other words, the efficiency enhanced by the efforts of each party is directly
proportional to the reached aims and satisfied needs. There prevails a concept
that the interested parties consider the “pie under division™ (the final benefit
brought about by the project, received pay for work) as a fixed quantity. The
stakeholders intending to boost the “pie under division” use effort to enhance
efficiency of the project. So the division of the “pie” (including its increase in
amount) may be treated as a positive problem as it helps the development of a
more efficient organization of the parties. Everybody related to the project that is
all those who by their shares contribute towards the project and get a profit from
it are considered as “interested parties”. The received “pie” may be both material
and immaterial (Bejder 1991).

In project management it is commonly accepted that the interests of stake-
holders need to be dealt with to support the success of a project. The analysis of
literature shows that only a minority of the publications provides a clear defini-
tion and addresses the identification of stakeholders. After comparing the
stakeholder approach with project role classifications from the literature, we
conclude that a role-based stakeholder identification method is a promising
approach for identifying stakeholders in projects (Achterkamp and Vos 2007).

The interested parties can be depicted from various points of view:

e Temporary or permanent;

e The major sphere of activity (the whole of needs) of the stakeholder;

e The right time for the stakeholders to join the process being under ways;
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e The efforts contributed by the stakeholders towards the project and re-

ceived “pie” are monetary quantities (yes/no);

o The extent of influence of the interested parties upon the project

(Bejder 1991).

It is not often when in setting up a project all stakeholders are formed from
the first attempt. Besides, it is characteristic that the interested parties get in-
volved into the project in a process of its implementation. Despite of this, it is
very important that those parties which exercise a great influence upon the pro-
ject or are highly dependent upon it be identified as early as possible (Bejder
1991).

A negative attitude to a construction project by stakeholders can severely
obstruct its implementation. Such obstruction will cause cost overruns and ex-
ceeded time schedules due to conflicts and controversies concern-
ing project design and implementation. Method of stakeholder mapping, together
with the power/interest matrix, has been used to identify stakeholders and their
influence on the projects. Which problems arose, how were they resolved, and
what were the consequences of the solution? Evaluation of stakeholder demands
and influence should be considered as a necessary and important step in the plan-
ning, implementation, and completion of any construction project (Olander and
Landin 2005).

Project managers should undertake stakeholder analysis even though it is
difficult. However, doing a thorough stakeholder analysis is a time-consuming
activity. Therefore, the project manager can easily be torn in a dilemma between
spending time doing a thorough analysis and the need for the project to get in
motion. Accordingly, project managers, at least to some extent, will have to rely
on intuition and superficial analysis. To solve this problem, and keep costs in
time and money at a reasonable level, the project manager should carefully con-
sider which stakeholders are sufficiently important to warrant information gather-
ing concerning expectations as regards rewards for delivering the needed contri-
butions. The project manager should also make only a detailed outline for
the stakeholders that are important in the early stages of the process and postpone
making outlines for additional stakeholders to the moment when they become
important during the project course. Project manager should see the analysis not
only as resource demanding activity, but as an ongoing learning process and an
opportunity to engage in dialogue with the stakeholders to take their thoughts
regarding the project into consideration at an early stage. By choosing this per-
spective on stakeholder management stakeholder analysis can make a great con-
tribution to the success of a project (Jepsen and Eskerod 2008).

The interested groups can often be split into smaller constituent parts. For
example, a contractor consists of a great number of interested groups (managers,
boss, stockholders, employees, craftsmen, workers, labor unions, etc.) whose
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interests and goals may diverge from one another on many questions. The chief
manager of a construction site is responsible for efficient organization of a con-
struction process and its control which is conditioned by the right choice of sub-
contractors, procurers, construction methods, technologies, labor teams the mem-
bers of which are supposed to work together, machinery, mechanisms, tools, etc.
As every member of the contractor in addition to his professional qualities still
possesses a great number of individual features (ability, ambition, skill, coopera-
tion, aggressiveness, loyalty, trust, honor, tolerance, prejudice, obedience, com-
passion, conformity, etc.), his strivings not always coincide with the aims pur-
sued by a contractor. To some extent this can have a negative effect on efficiency
of the lifetime process of a project from the starting point. To prevent the possi-
ble future harm, the interested groups should be matched well with close regard
of their interests. This allows achieving the maximum of efficiency.

The stakeholders are identified and grouped according to the performed
functions. They are chosen in a rational way by regular intervals throughout the
whole project management process.

Brain storming (the way for solving particular problems when everybody
takes part in the discussion without any restrictions) is the right method for fore-
seeing the stakeholders and their selection 'Snow cards' is one of the ways of
employment of this method. A 'snow card' s a small piece of research on which
the interviewed person writes down only one interested group and points out
reasons why the side in question n his view might be considered as rational one.
The interviewed person fills in as many “snow cards” as he finds it necessary.
The method of 'snow card' can be applied in mass gatherings (attended by hun-
dreds of people) where groups consisting of 3 to 6 (people) work together mak-
ing the cards. Later on, the authorities of a project can proceed with estimating
the collected material, classifying cards into certain groups according to per-
formed functions. The selection of rational interested groups is conducted ac-
cording specially for this purpose developed criteria system (Bejder 1991).

The presented example illustrates the case of establishment of interested
groups. Suppose we have to build a bridge across the river. We can readily estab-
lish that the bridge owner, the designer, contractors, users of the bridge, people
living nearby, all those who go sailing under the bridge are the stakeholders. But
how about the fish swimming around in the area of the bridge? There might be a
spawning zone there. How is then if materials for construction (sand and stones)
find themselves in the other place where there is another fish spawning area or
where there is one of the best fishing areas? How is it possible to establish such
stakeholders in the early stage of a project when it is still within the control, and
corrections can be made (Bejder 1991)?
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There are quite a lot of such points where the interests of groups concerned
come into a clash. For example:

e Combining interests of a contractor with the interests of society at

large;

e Surroundings of the site (before and after the construction, inside and
outside);

Durability/reliability;

Factors of risk (technical/financial/political);
Application;

Duration of construction;

The construction methods employed;

The cost of a project, etc.

Each of the above points of a project can be estimated in various aspects.

The needs of the interested parties keep developing and changing. In the
course of construction additional stakeholders join the project. When a project is
big in scope and complex with numerous interested groups taking part in its re-
alization, efficient and rational formulation, coordination and handling of needs
becomes hardly manageable or possible at all both to an individual person and an
interested group without computing technology and various methods (Be-
jder 1991).

From the examples presented above it is evident that the stakeholders are
characterized by numerous criteria. Consequently, in order to establish rational
stakeholders, it is necessary to evaluate the entire system of criteria characteriz-
ing the project under consideration in a detailed and adequate way.

Relying on the system of criteria characterizing the project under considera-
tion objectively and exactly, as well as multiple criteria decision making meth-
ods, it is possible to establish rational stakeholders (contractors, procurers, etc.).
The principal feature of a consideration objectively and exactly as well as multi-
ple criteria decision making methods, it is possible to establish rational stake-
holders (contractors, procurers, etc.). The principal feature of a rational stake-
holder is making decisions for efficient solutions and processes. By the use of
rational solutions and processes the project management optimal total efficiency
is reached.

1.6. Modeling of Construction Project Management

Construction projects are getting bigger and more complex while the average
productivity at the industry level is not improving enough. It is essential to look
at the means available, in order to improve the efficiency and effectiveness of
the construction industry. Technology fusion, which refers to a truly interdisci-
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plinary approach of combining different technology areas, is a new way of
sparking off the currently stagnant level of construction technologies. Kim et
al. (2009a) presents a comprehensive technology roadmap developed under the
support of Korea Ministry of Construction and Transportation (KMOCT),
where the needs for innovative future construction technology are well organ-
ized through the interdisciplinary research efforts. To succeed in developing a
technology fusion-based construction research plan, four major approaches are
adopted: technology foresight, socio-economic prediction, market needs identi-
fication, and benchmarking of other efforts. Through these integrated proc-
esses, research and development (R&D) programs that cover the entire life
cycle of construction projects are proposed. KMOCT is expected to launch 14
of the proposed programs during the next five years on a priority base, funding
a total of approximately US$ 5 to 15 million for each program (Kim et al.
2009a, 2009b).

Bridge deck construction is performed in a cyclic manner and it involves
different types of interacted resources. Said et al. (2009) present a case study
that discusses how computer simulation is used to aid bridges' contractors in
planning of bridges’ decks, taking into consideration the interaction amongst
involved resources. As such, total duration of deck execution and the associ-
ated total costs, including direct and indirect costs, can be estimated. EI-Warrak
Bridge, which is a part of the Ring Road of Cairo, Egypt, is analyzed in a step-
by-step procedure to demonstrate the capability of computer simulation in
modeling construction of bridges' decks using cast-in-place on false work and
cantilever carriage construction methods. The presented methodology proves
its practicality to contractors in estimating the time and costs of the repetitive
process of bridge deck construction, considering complex interdependencies
between construction resources and the uncertainties associated with construc-
tion activities.

The accurate and up to date measurement of work in progress on construc-
tion sites is vital for project management functions like schedule and cost con-
trol. Currently, it uses traditional building surveying techniques and visual in-
spections. The usually monthly measurements are error prone and not frequent
enough for reliable and effective project controls. Zhang et al. (2009) explore
the potential of using computer vision technology in assisting the project man-
agement task. In particular, they examine the development of an integrated
building information system that aims to determine the progress of construction
from digital images captured on site in order to semi-automate the work in pro-
gress measurement and calculation of interim payments as well as function as
an early warning system of potential delays. The study focuses on the quantity
rather than quality aspect of work and is limited to the superstructure of build-
ings (Zhang et al. 2009).
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Lee and Ou-Yang (2009) introduce an automated tool named Stochastic
Quality Function Deployment (SQFD) system, which measures the quality
performance of a Design/Build (D/B) contractor. SQFD integrates stochastic
simulation modeling and analysis techniques into traditional QFD to deal effi-
ciently with the uncertainties in the input data, to support the quality perform-
ance measurement that is involved in multi-attribute and multi-participant deci-
sion-making, and to predict the variability in the output. D/B construction
owners who are in the process of selecting a D/B firm for a project would bene-
fit from SQFD, because the system allows an owner to expeditiously assess the
quality performance of potential D/B firms in their bidding list. An example in
D/B contractor evaluation is presented to illustrate the functioning of the sys-
tem. The system helps to improve the D/B project bidding system (Lee and Ou-
Yang 2009).

Timely effective cost management requires reliable cost estimates at every
stage of project development. While underestimation of transportation costs
seems to be a global trend, improving early cost prediction accuracy in esti-
mates is difficult. Chou (2009) presents a parametric estimating technique ap-
plied to Texas highway projects using a set of project characteristics. General-
ized linear models (GLM) of early quantity prediction for geometry-related
work activities, namely earthwork, pavement and traffic control were devel-
oped for continuous project cost tracking. The approach of cost breakdown
demonstrates the potential to separate quantity uncertainty from price uncer-
tainty for highway construction. The benefit of this approach is to provide a
platform for evolving the preliminary parametric cost estimates to a fully de-
tailed cost management as further information becomes available as the project
progresses. During project execution, managers are given opportunities to re-
view the associated work activities and make better decisions from the devel-
oped GLM-based estimating system. Compared to typical practice of applying
a gross cost per lane length during pre-project planning phase, the proposed
approach with the aid of the developed expert system provides more detailed
basis and efficiency for tracking the effects of changes within the project life
cycle (Chou 2009).

East et al. (2009) describe an innovative application of discrete-event
simulation to model and evaluate differences in business processes following
the introduction of new information technologies. Validated models can be
used by offices considering the new technology to calibrate existing work loads
and then to predict the expected impact of new information technology on
measurable business metrics. Following the introduction of the technology, this
model may assist in the real-time verification of user paths incorporated in
software support tools. This research evaluating the impact of information
technology and public construction contract administration.
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Cheng et al. (2009b) develop a construction management process reengi-
neering performance measurement (CMPRPM) model based on an application
of business process reengineering philosophy. Process operation time and cus-
tomer satisfaction are used as efficiency and effectiveness evaluation indices.
The CMPRPM model applies queuing theory to calculate process operation
time in order to strike an optimal balance between process execution demand
and manpower service capacity. In order to achieve customer satisfaction, cus-
tomer demands are identified and a target attainability index is used to calculate
process effectiveness. After integrating efficiency and effectiveness evaluation
results, indices of process value (PV) and value improvement (VI) are proposed
to allow performance prior to and after reengineering to be measured and com-
pared. The proposed CMPRPM model addresses the performance of initial
(“As-Is”) and significantly reengineered (“To-Be™) processes to facilitate suc-
cessful BPR design. The results show that the construction industry stands to
benefit significantly in terms of a successful BPR design by adopting the model
proposed in this research (Cheng et al. 2009b).

Project teams face ever increasing pressure to deliver projects as quickly as
possible. To meet these demands, contractors are faced with the need to explore
various construction strategies in order to meet delivery dates, and to assure
themselves as to the achievability and quality of a schedule. Various visual
representations of a project's schedule and associated information combined
with visual representations of the project in progress, i.e. 4D CAD, can assist
with these tasks of identifying effective construction strategies for shortening
project duration, assessing their workability, and judging schedule quality.
Such visual representations aid communication amongst project staff and facili-
tate brain-storming, and, implemented well, they can provide clear, fast, and
multi-dimensional feedback to the project team. In this research, we describe
aspects of our work which is directed at formulating a dynamic visualization
environment that links 3D CAD, a generalization of traditional CPM which
embraces linear scheduling, dual product representations (scheduling and CAD
system) and their mapping onto each other, and schedule and CAD graphics in
a manner which facilitates the relatively rapid exploration of alternative con-
struction method and scheduling strategies for large scale linear projects (e.g.
high-rise buildings, bridges, etc.). Requirements of such an environment in-
clude quickness, treating scale, working at multiple levels of detail, dealing
with design variability, and realistic representation of the work. Use is made of
a realistic example to highlight aspects of our approach and identify important
issues that must be addressed if a visualization environment useful for con-
struction professionals is to be developed (Russell e al. 2009).

It should be noticed that the researchers from various countries engaged in
the analysis of construction project management and its stages did not consider
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the research object being analyzed by the author of the present investigation.
The latter may be described in the following way: a construction project man-
agement life cycle as well as project, organizational and external environment
having a particular impact on it making an integral whole. A complex analysis
of the research object described was made with the help of complex systems
theory and methods multiple criteria project analysis.

1.7. Concluding Remarks of Chapter 1

1. The construction project management life cycle and the project, organ-
izational and external environment must be analyzed and described.

2. Application of information systems, neural networks, and expert and de-
cision support systems, e-commerce at national, organization and project
levels are very important tools.

3. Methods of multiple criteria analysis of integrated construction man-
agement and modeling of construction project management can be successfully
applied.

4. It may be noticed that the researchers from various countries engaged in
the analysis of construction project management and its stages did not
consider the research object being analyzed by the author of the present
investigation. The latter may be described as follows: a construction pro-
ject management life cycle as well as project, organizational and exter-
nal environment having a particular impact on it making an integral
whole.

5. Analysis of global research showed that the existing models multi-
variant design and multi-criteria analysis of construction project man-
agement alternatives are the most appropriate for solving problem.

6. A set of criteria pertaining to the construction project management sug-
gested by different researchers is presented.



Model for Integrated Project
Management

2.1. Introduction to an Integrated Project
Management

Project management in the construction involves coordination of many tasks
and stakeholders, affected by complexity and uncertainty, which increases the
need for efficient cooperation and multiple criteria decision making.

There is no single accepted or correct definition of project management
and there are as many definitions of project management as there are people
capable of defining it:

e Construction Management refers either to the study and practice of the
managerial and technological aspects of the construction industry (in-
cluding construction, construction science, construction management,
and construction technology), or to a business model where one party to
a construction contract serves as a construction consultant, providing
both design and construction advice (Christodoulou 2009).

e Where a contractor is engaged to manage the construction of a project
for an agreed fee and the trade contractors are engaged either directly
by the client or an open book analysis (Ng et al. 2004).

31
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e The application of modern management techniques and systems to the
execution of a project from start to finish, to achieve predetermined ob-
jectives of scope, quality, time and cost, to the equal satisfaction of
those involved (Kim ez al. 2009b).

e Project management is a critical skill required for execution. It is an es-
sential organizing and managerial discipline in getting things done. The
art of managing the product and service development cycle to achieve a
balance of time, cost and quality is project management (Cheng et al.
2004), etc.

The Construction Management Association of America (Palaneeswaran et
al. 2006) indicates the 120 most common responsibilities of a construction
manager fall into the following 7 categories: project management planning,
cost management, time management, quality management, contract administra-
tion, safety management, and CM Professional Practice which includes specific
activities like defining the responsibilities and management structure of the
project management team, organizing and leading by implementing project
controls, defining roles and responsibilities and developing communication
protocols, and identifying elements of project design and construction likely to
give rise to disputes and claims.

The primary challenge of project management is to achieve all of the pro-
ject goals and objectives while honoring the project constraints. Typical con-
straints are scope, time and budget. The secondary and more ambitious chal-
lenge is to optimize the allocation and integration of inputs necessary to meet
pre-defined objectives. A project is a carefully defined set of activities that use
resources (money, people, materials, energy, space, provisions, communica-
tion, motivation, etc.) to achieve the project goals and objectives (Christodou-
lou 2009).

Useful techniques in project management include the concepts of cash
flow and present worth, decision tree analysis, critical resource analysis and
critical path scheduling (Enge and Huhnt 2008).

Integrated project management has various approaches and different pri-
orities in different countries. It is not surprising that there are widely divergent
views and interpretations in various countries, with marked differences be-
tween countries that have developed market economies, those with transition
economies and in developing countries. Not all the countries with one of these
three development levels, understand integrated project management in the
same way and so have different strategies.

Successful strategies for integrated project management should be more-
or-less compatible with economic, social, cultural, institutional, technological,
technical, cultural, environmental and legal/regulatory situations in the country
under consideration. A varied spectrum of strategies can be launched, while
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keeping in mind that the mix of influencing factors and the relative emphasis is
on one or other of the factors and overall will depend on local conditions.

It be noticed that the researchers from various countries engaged in the
analysis of construction project management but did not consider the object of
research was analyzed by the authors of the present investigation. A life cycle
of a construction project management may be described as follows: the stake-
holders involved in its design and realization as well as the project, organiza-
tional and external environment, having a particular impact on it and making an
integral whole.

2.2. Knowledge Management Models and Theories

Construction organizations use various knowledge management strategies: ex-
perts data bases; cross construction project learning; active knowledge man-
agement (this knowledge management strategy is also referred to as the push
strategy or codification approach); knowledge requests of experts (this knowl-
edge management strategy is also referred to as the pull strategy or personaliza-
tion approach); knowledge mapping; rewards (to motivate experts to share their
knowledge); communities of practice; best practice transfer; competence man-
agement (continuous employee qualification improvement and assessment in
organizations); expert-apprentice relationship; groupware technologies; knowl-
edge databases and bookmarking engines; intellectual capital; knowledge bro-
kers; social e-network; storytelling (transfer of tacit knowledge); after construc-
tion project reviews; etc. Some of these strategies (community of practice,
social network, intellectual capital) are part of various knowledge management
models and theories. Above models and theories, as well as their application in
construction, are briefly analyzed in the following paragraphs.

Social network analysis is the mapping and measuring of links and rela-
tionships between organizations and individuals engaged in Networking or
collaborative activities. It may reveal: specific expertise or influence; how peo-
ple cooperate, and with whom; who is overburdened with requests for assis-
tance; and who fails to collaborate at all. Since it provides both visual and
mathematical analyses, it is a very powerful technique for evaluating mergers
and acquisitions, joint ventures, and inter-company relationships (Quantum
2009). Kurul (2007) analyzed possibilities to evaluate knowledge creation ca-
pability and absorptive capacity in construction on the basis of the methodol-
ogy of social network analysis. Kurul (2007), in the project funded by EPSRC
(EP/C530160/1), analyzed the concepts of absorptive capacity and social capi-
tal, while analytical techniques such as social network analysis were deployed
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to evaluate knowledge creation capacity of project teams in the construction
industry.

Community of Practice is a community or group with a common interest.
Community of Practice frequently use the internet to facilitate their activities.
This facilitation may include forums, libraries, chat rooms, calendars and such
as working researches, links, and a contacts directory other goodies are shared
here for all to use (Wason 2009). Yu (2009) presented the development of the
knowledge value-adding model (KVAM) for quantitative performance meas-
urement of the community of practice of the knowledge management system in
an A/E consulting firm. The proposed KVAM combines several existing KM
theories including knowledge creation spiral, knowledge chain model, and
knowledge value added theory to form a process-level model for measuring the
performance of a generic community of practice. Love (2009) uses the norma-
tive literature to develop a proposal for using communities of practice in con-
struction projects. An inter-organizational form of community of practice,
known as “champions of practice,” is propagated for use in the construction
industry. The “champions of practice” is developed as an active know-how
platform to provide advice pertaining to issues of “best practice” that have been
accumulated from projects. The creation of such a form of community of prac-
tice can provide invaluable insights about best practice, which can be formal-
ized and shared in a meaningful and reflective way.

Intellectual Capital is the same as the knowledge asset of an organization.
Knowledge assets help achieve business goals. This capital is the set of intan-
gible assets that includes the internal knowledge of employees have of informa-
tion processes, external and internal experts, products, customers and competi-
tors. Intellectual capital includes internal proprietary reports, libraries, patents,
copyrights, and licenses that record the company history and help it plan for
tomorrow (Stuhlman 2009). Bartholomew (2008) describes developing exper-
tise, creativity and intellectual capital in the construction professions. He shows
design practices and other construction professionals how to manage knowl-
edge successfully. Design is a knowledge-based activity, and project managers,
contractors and clients, as well as architects and engineers, have always learned
from experience and shared their knowledge with immediate colleagues. In-
creasingly sophisticated construction technology and more demanding markets
are making effective management of knowledge ever more important (Bar-
tholomew 2008).

Information theory is based on the fact that we can represent our experi-
ence by the use of symbols like the alphabet, pictures, etc. It is concerned with
the problem of how to measure changes in information or knowledge content,
that is, how to compile or interpret a message (Skyttner 1998). The main
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propositions of information theory are broadly applied in the development of
knowledge management and intelligent systems for construction.

Real-world complex systems are almost always made up from a large num-
ber of interacting components. This leads to complex behavior that is difficult
to understand, predict and manage. Researches on complex systems are often
undertaken by mathematicians, statisticians, engineers, and information and
computer scientists (Australian 2009). Many large construction projects are
attributed to complex systems. Therefore, accumulation of experience and
knowledge, as well as its multiple reuses, in such large construction projects is
of particular significance.

Many knowledge management models and theories are, in one way or an-

other, based on various philosophical theories. The Constructivism Model is
not an exception. Philosophy is dealing with knowledge since ancient times.
The specified problems of the traditional knowledge theory form the nucleus of
classic epistemology. Epistemology is an area of philosophical study that fo-
cuses on our understanding of knowledge. Epistemology asks questions about
what is true and false, and what constitutes valid “information”. A key question
of epistemology is whether information is absolute or relative, reflecting a ten-
sion between the “scientific method” and “social constructivism” (Trinity Col-
lege 2009). Cognitivism is the one of the younger branches of epistemology —
deals with consistent patters of scientific cognition. The idea of cognitivism
(Macmillan English Dictionary 2009) is that learning is a conscious, rational
process. People learn by making models, maps and frameworks in their mind.
In cognitivism (Trinity College 2009) knowledge is viewed as symbolic, men-
tal constructions in the mind of individuals and as the outcome of learning.
Learning is a process of recognition which occurs with associations through
contiguity and repetition. Thus, learners perceive new relations among the parts
of a problem, they acquire and reorganize information into understandable
cognitive structures.
Cognitive science is usually defined as the interdisciplinary study of how in-
formation is represented and transformed in the mind/brain. It consists of mul-
tiple research disciplines, including psychology, artificial intelligence, philoso-
phy, neuroscience, linguistics, anthropology, sociology, and education. It spans
many levels of analysis, from low-level learning and decision mechanisms to
high-level logic and planning; from neural circuitry to modular brain organiza-
tion (Wikipedia 2009a).

Constructivist epistemology is an epistemological perspective in philoso-
phy about the nature of scientific knowledge (Routledge 2000). Constructivism
is a philosophical perspective derived from the work of Immanuel Kant which
views reality as existing mainly in the mind, constructed or interpreted in terms
of one's own perceptions. Constructivism focuses on the process of how
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knowledge is built rather than on its product or object (Constructivism 2009).
Constructivism is a theory of knowledge which claims that knowledge is not
passively received but actively constructed by the learner, and that the function
of cognition is adaptive, serving to organize experience, rather than discover
reality (Glosary 2009). Constructivism is a philosophy of learning used by the
leading construction organizations to master the best construction practice.

2.3. Model for an Integrated Project Management

The research’s aim was to produce a Model for integrated project management
by undertaking a complex analysis of project, organizational and external envi-
ronment factors affecting it and to present recommendations on increasing its
competitive ability. The research was performed by studying the expertise of
advanced industrial economies and by adapting it to Lithuania by taking into
consideration its specific history, development level, needs and traditions. A
simulation was undertaken to provide insight into creating an effective envi-
ronment for the Model by choosing rational project, organizational and external
factors (Fig. 2.1).

The level of efficiency of the integrated project management depends on
the many projects, organizational and external variable factors and all these
variable factors can be optimized. The main objective of this Model is to ana-
lyze the best experiences in the field, to compare it and consequently to present
particular recommendations. In this particular case, the construction manage-
ment development perspectives of Lithuania were analyzed.

The word ‘model” implies “a system of game rules”, which the integrated
project management development could use to its best advantage. The stake-
holders of an integrated project management cannot correct or alter the project,
organizational and external variables, but they can go into the essence of their
effect and take them into consideration in their activities. Stakeholders, by
knowing the environment affecting their projects, can organize their present
and future activities more successfully.

The Model for an integrated project management includes the following
six stages:

Stage 1. Comparative description of an integrated project management:

e A system of criteria characterizing the efficiency of an integrated pro-
ject management was determined by means of using relevant literature
and experts methods;

e Based on a system of criteria, a description of the present state of inte-
grated project management is given in conceptual (textual, graphical,
numerical, etc.) and quantitative forms.
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Stage II. Comparison and contrast of integrated project management tech-
niques includes:

e I[dentifying the global development trends (general regularities) of an

integrated project management;

e [dentifying the integrated project management differences between
countries;

e Determining pluses and minuses of these differences;

e Determining the best practice for an integrated project management for
Lithuania as based on the actual conditions;

e Estimating the deviation between construction managers’ knowledge of
worldwide best practice and their practice-in-use.

Stage III. A multiple criteria analysis of integrated project management’s
components and a selection of the most efficient version of the project’ man-
agement life cycle were determined at this stage. After this stage, the received
compatible and rational components of an integrated project management are
joined into the full integrated project management process.

Stage IV. Development of some of the general recommendations as how
to improve the efficiency levels for construction managers and construction
firms.

Stage V. Submission of particular recommendations for construction man-
agers and construction firms. Each of the general recommendations proposed in
the fifth stage carry several particular alternatives.

Stage VI. Performance of transformational learning and redesigning the
mental and practical behavior:

e Construction managers (firms) becoming aware and conceptualize of

their practice-in-use;

e Construction managers’ (firms’) becoming aware and conceptualize of
their knowledge of worldwide best practice;

e Construction managers (firms) estimating the deviation between knowl-
edge of worldwide best practice and their practice-in-use;

e Performance of best practice learning;

Fulfilling of best practice actions (understanding what the recurring
motives caused manager’ initial behavior are; redesigning managers’
core patterns of thought and behavior);

e Performance of transformational learning (acquiring new manners of
technological, social, ethical, etc. behavior, get better understanding of
how to interact with project, organizational and external environ-
ment) and redesigning the behavior.

In order to throw more light on the Model for integrated project manage-

ment, further follow more detailed description of some the above mentioned
stages of the analysis (the effect of changing the project, organizational and



38 2. MODEL FOR INTEGRATED PROJECT MANAGEMENT

external efficiency level factors on the efficiency of integrated construction
management; methods of a multiple criteria analysis of integrated construction
management; performance of transformational learning and redesigning the
manager’ mental and practical behavior).

Stage 1. Comparative description of an integrated project management

Determining system of criteria

Description of integrated project management

Information Textual Graphical Cardinal Ordinal

v

Stage 2. Comparison of integrated project management techniques and trends

Identifying the development trends (general regularities) of the integrated project management
Identifying integrated project management differences between countries

Determining ‘pluses’ and ‘minuses’ of the obtained diferences

Determining the best practice for integrated project management for Lithuania as based on the
actual conditions
Estimating the deviation between construction managers’ knowledge of worldwide best
practice and their practice-in-use

v

Stage 3. A multiple criteria analysis of an integrated project management’s
components and a selection of the most efficient version of the project’
management life cycle are determined. The received compatible and rational
components of an integrated project management are joined into the developed
integrated project management process.

Stage 4. Development of some of general recommendation as how to improve
the efficiency levels for construction managers (firms)

Stage 5. Submission of particular recommendations for construction managers
(firms) are presented. Each of the proposed general recommendation carry
several particular alternatives

Stage 6. Performance of transformational learning and redesigning the mental
and practical behavior

Construction managers (firms) becoming aware and conceptualize of their practice-in-use

Construction managers’ (firms’) becoming aware and conceptualize of their knowledge of
worldwide best practice

Construction managers (firms) estimating the deviation between knowledge of worldwide best
practice and their practice-in-use

Performance of best practice learning
Fulfilling of best practice action

Performance of transformational learning and redesigning the behavior

Fig. 2.1. Conceptual model for an integrated project management
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2.4. The Effect of Changing the External Efficiency
Level Factors on the Efficiency of Integrated
Construction Management

One of the major tasks of a construction manager is to carry out its activities
under the most favorable project, organizational and external environment con-
ditions. Efforts are made to ensure that the structure, goals, output, efficiency
and quality of production of the organization would be in maximum conformity
with the existing environmental conditions. The pursuit of impracticable goals,
for instance, trying to realize projects which surpass the organization’s capa-
bilities or the environment (economical, social, legal, political, competitive and
technological conditions) is adverse, may cause undesirable consequences.

In order to assure the efficiency of a project management, it should be exe-
cuted within certain bounds which are determined by project, organizational
and external level factors. The highest level at which efficiency factors may be
considered is the external efficiency level factors. The level of efficiency and
the scope of activities of the project management depend on the different exter-
nal level variable factors (see Fig. 2.2). As an example, some above mentioned
external efficiency level factors further are discussed briefly.

Miller (1992) argued that international firms are exposed to five types of
international risk: natural, legal, societal, political and governmental. Daniell
(2000) confined such risk to four components: financial, cultural, legal and
political. Similar components were reported by Hill (2002), excluding financial
risk. Butler and Joaquin (1998) defined the term as the risk that a sovereign
host-government will unexpectedly change the ‘rules of the game’ under which
a business operates. Political risk, as suggested by Brink (2004) and Stosberg
(2005), arises not only from governmental, but also societal, sources. Howell’s
(2001) referred the term political risk to the possibility that political decisions
or political or societal events in a country will affect the business climate in
such a way that investors will lose money or not make as much money as they
expected when the investment was made.

Typically, political risk insurance, as reported by Bradford (2005), covers
assets against expropriation, confiscation, contract repudiation and currency
inconvertibility. Political risk, meanwhile, should encompass all political and
societal events that can harm international projects, internal or external, insur-
able or uninsurable and favorable or unfavorable (Wilkin 2001).

Governments, according to Burmester (2000), are extremely influential ac-
tors in international business. A government has a variety of interests and may
pursue a course of action that affects the business environment for good or bad.
The government of a country, on the one hand, is usually keen to encourage the
development and growth of commerce and industry (Al Khattab ef al. 2007).
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Fig. 2.2. Efficiency of the project management depends on the different
external level variable factors

The government, as a result, might offer incentives to encourage new in-
vestment from abroad, for example by offering tax incentives or cash grants
towards the building of factories. To the host-government, as explained by
Brink (2004), international projects can represent an important source of funds,
technology and expertise that could help further national priorities such as re-
gional development, employment, import substitution and export promotion.
The government of a country, on the other hand, may also intervene in the
business environment for a variety of reasons. Such reasons include: protecting
national industries from external competition; limiting foreign exploitation;
increasing national welfare; redistributing wealth (Bartlett et al. 2004).

Taxation can also be used either to encourage or restrict particular indus-
tries. In the event of imposing taxation restrictions, a firm’s expenditure in-
creases and, as a consequence, its profits decrease. However, as a result of the
importance of foreign investment to a country’s economic growth, a govern-
ment may encourage inward investment by, inter alia, offering tax incentives
(Chartered Institute... 2001) rather than imposing tax restrictions. The impor-
tance of foreign investment to a country’s economic growth may, therefore,
explain the little attention paid to taxation restrictions by international projects,
while operating internationally (Stosberg 2005).
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A government may terminate contracts without compensation for existing
investment for reasons related to contract performance. Since such risk can
have devastating impact upon firms, the breach of contract, according to Moran
(2001), is considered as an important risk of concern to international projects.
In this context, firms with large fixed assets are more vulnerable to such risk
and still “worry” about the terms of their operating agreements being changed
(Kettis 2004).

In order to throw more light on the external efficiency level factors, further
follow more detailed description of the operation and development of elec-
tronic markets as prognostic instrument for business planning and the devel-
opment of an electronic system for contracts and the execution of building
work in Germany.

2.5. Operation and Development of Electronic
Markets as Prognostic Instrument for Business
Planning

2.5.1. Introduction to Electronic Markets

Competition for private enterprises is aggravated by the worldwide increasing
deregulation of the markets. Good knowledge of the markets on which the in-
dividual enterprise acts as well as the increasing understanding of the market
activities are important factors of success for the management. Significant in-
fluences on the success of the enterprise can be broken down into the following
segments (Lechner and Miiller-Stewens 2003):

e Economy, e.g. inflation rates, interest rates, unemployment.

e Politics and law, e.g. tax law, patent law, and political stability.

e Socio-cultural influences, e.g. population development, age structure,

consumer behavior.

e Technology, e.g. innovation, knowledge transfer.

The analysis and processing of information about expected future occur-
rences in one of the above-mentioned segments is an essential basic principle
of strategic planning. Thus, for example, the determination of sales forecasts
constitutes a central element within the business planning.

A precondition of successful planning is the preparation of the decision
and the development of predictions for the future. A statement that is accurate
as possible about the probability of future events occurring is also an essential
element of the risk management. Numerous instruments were developed for the
drawing up of forecasts, in which a distinction is made between quantitative
and qualitative methods. While quantitative prognostic instruments establish a
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connection between values forecast and the influencing factors considered for
the forecast with the aid of a prognostic functions, qualitative prognostic in-
struments are based on estimates of future developments. They are especially
suitable for developments and occurrences that are difficult to predict, e.g. for
sales forecasts for new products, in the event of innovation or the evaluation of
the effectiveness of new marketing measures.

2.5.2. The Delphi Method as an Established Prognostic
Instrument

A lot of prognostic methods include the Delphi method. The Delphi method
was originally developed at the RAND Corporation by Dalkey and Helmer
1963 to systematically solicit the view of experts in controversial sociopolitical
areas of discourse. By the late 1960s, the use of Delphi was applied to techno-
logical forecasting.

Besides, the whole process of the Delphi methodology can be time con-
suming. These drawbacks led executives of the company to wonder whether a
multi-criteria evaluation method was available to more effectively guide and
supplement their existing selection process (Lai et al. 2002).

The Delphi method is an established prognostic instrument, a qualitative
technique of repeated questioning of experts that aims, through intensive ques-
tioning, at using the knowledge of the experts for the formulation of forecasts.
In this, the experts in a special area are questioned in writing and anonymously
about the subject matter of the investigation in several waves of questioning.

Normally, each person questioned is initially asked to give a written fore-
cast that is as differentiated and well-founded as possible. The results of this
wave of questioning are then analyzed and passed back to the experts before
the next wave, all the while observing the anonymity of the persons, stating the
average values and dispersion for the review of their own position and in par-
ticular their forecast given beforehand. In the second wave they are then asked
with more specific questions to review their previous forecast once again and if
necessary state reasons why they have revised or kept to their first forecast in
the second questioning. The process can be continued until a clear majority has
formed or the experts questioned are no longer prepared to revise their fore-
casts.

The basic concept of the procedure is the gradual achievement of a con-
sensus through a feedback technique that deliberately tries to avoid the pressure
to conform that frequently emanates from group discussions. There are, how-
ever, legitimate doubts whether this attempt succeeds, since a fellow traveler
effect through the orientation of the experts to the judgment of the group at
least appears very plausible.
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The Delphi method is in particular used for long-term technological fore-
casts. The advantage of this method is that the formation of a consensus among
experts striven for is normally achieved in practice and that the results gain in
quality through repeated feedback. The disadvantage is the effect of the high
cost in terms of time and finance and the relatively long throughput times.
Moreover, it has become evident that the forecasts by the experts tended to be
too optimistic and impediments to implementation and market antagonism
were underestimated.

2.5.3. The Further Development to an Electronic-Based
Prognostic Instrument

The functions of markets not only include the allocation of resources, but also
the gathering of information about the value of these resources. An example of
information that was gained from markets and used in enterprises is share
prices that furnish the enterprises with information about the value of their ac-
tivities. Futures and securities options sum up the expectations of the investor
regarding the occurrence of future values of securities. In most cases, forecasts
of the future are also a side-effect of the market activity. On the other hand,
now, however, markets have been created with the main objective to evaluate
the knowledge of the market participants for the gaining of information.

In recent years electronic bourses have been the subject matter of numer-
ous studies in the USA. In the ‘80s, an electronic market place was created at
the University of lowa, originally to provide the students with the possibility to
operate trade on an Internet platform and thereby to get to know market legiti-
macies (Lechner and Miiller-Stewens 2003). This gave rise to the idea to use
electronic markets for the aggregation of information. There arose so-called
prediction markets with the objective to achieve a crystallization of information
through the market's own dynamism and thus be able to make predictions of
the future with a higher probability that the predicted event will occur. The
observation of these markets is the subject matter of various scientific investi-
gations that provide important results for the operation in enterprises.

2.5.4. The Recipe for Success of the Electronic Markets

The system of the prediction markets uses the medium of the Internet for ques-
tioning, as the market place for the probability that events will occur. In the
electronic market, one of the basic problems of qualitative procedures relates to
the difficulty in selecting experts who are able to make corresponding informa-
tive statements about the future. Electronic markets are distinguished by a high
number of provided and buyers as well as through the absence of hierarchies. A
uniform product is traded: the bet on the occurrence of an event.

For prediction markets, the following characteristics apply:
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e Simplified market access, any time, any place.
¢ No information asymmetry, i.e. each participant obtains the same
information about the product “bet”.

The marketing results are influenced by the market participants and their
expectations, experience and their interpretation of the market information.
They are suitable as prognostic instruments, for they have a high rate of accu-
racy. This is also shown by the example of [.LE.M lowa Electronic Markets.
Here, above all, bets are placed about the occurrence of political events; the
predictions constantly outperform the results of other election polls.

Another successful example is the Hollywood Stock Exchange. In 2002,
here 45 of 50 Oscars were forecast correctly; bets were made with play money,
so-called Hollywood dollars. The probability of an accurate prediction is, how-
ever, lower when using play money than in the case of real bets. Bets on sport-
ing occurrences can also be made in the Internet, e.g. on the website trade
sports.

Instead of using the advice of a selected body of experts as a source of in-
formation, as in the case of the Delphi method, information accessible to the
general public is sought in the Internet. In this, an incentive to pass on informa-
tion is the game and the profit hoped for. In the game, the ambition of the mar-
ket participant is aroused by the best information. Market results are all the
more accurate the larger the number of those participating and the number of
market activities and the fewer possible occurrences that are available for se-
lection.

Electronic markets gather information from individual participants. The
knowledge available to these, emanating from various sources, is assessed at
the value of the resulting market price. The more each participant invests in a
betting stake, the more accurate his/her information is and the smaller his risk
of loss is. In this, there are no hierarchies; everybody has just as much influ-
ence; all opinions are valid. In the scope of prediction markets, there are no
speculation bubbles, as, for example, are known from the stock markets, since
they are normally made subject to a time limit and geared to a certain result. By
setting a fixed deadline, in the end, everybody wants to “pass the buck” and
unsound overvaluations are adjusted promptly. Many years of observations by
lowa Electronic Markets have shown that above all markets that are geared to
occurrences lying in the near future provide particularly effective results (web
page: http://www.biz.uiowa.edu/iem/about, IEM 2009).

Prediction markets thus open new ways for market research. In contrast to
established procedures, they are distinguished in that they accumulate complex
market information dynamically and thus make possible very much shorter
reaction times than with traditional methods.
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2.5.5. The Function of the Prediction Markets

The function of the prediction markets will be explained briefly in the follow-
ing section.

One possibility of the development of electronic markets is the so-called
linear markets.

Bets are made on the occurrence of a future event with the possible varia-
tion vy, v,, v ... v, the result of which is the sum 1.

Prediction markets that were supposed to predict such occurrences would
thus have chances of winning corresponding to the occurrence of the events. If,
for example, percentages that candidates achieve in an election are to be deter-
mined, a market would be created, in which the market participants deal with
securities with the value that corresponds to the result of the election forecast.
The market price of the betting slips results in the prediction of the election
outcome. Bets are made on the election result of the individual parties in %.

After the occurrence of the event, each security obtains 1$ multiplied by
the share of the party that has betted in the overall result. A second kind of pre-
diction markets is the so-called “the winner takes it all” procedure. All shares
are bundled as uniform portfolios consisting of all possible variants, put into
circulation at a fixed price. Transactions between the traders occur at prices
that were created by the market participants. The buyers can trade at the current
market price or set limits.

2.5.6. Outline Conditions for the Gain of Information by
Prediction Markets

The certainty effect describes the inclination to attach a disproportionately
great importance to events that are certain to occur. If two test persons for ex-
ample have to decide on the election for 30$ with a 100% probability of the
predicted event occurring or for 45 with an 80% probability of the predicted
event occurring, the overwhelming majority would decided on the certain al-
ternative for 30$. In a second attempt, the probabilities were kept in the same
proportion, however, divided by the factor four. The test persons could now
decide on the occurrence 35$ with the probability 25% or on the occurrence
408 with the probability 20%. Here, most test persons selected the occurrence
with the highest expected value, namely the occurrence 40$. Decision-makers
thus do not make their decisions according to a linear function, corresponding
to the probability of an event occurring, but as a rule also decide on a certain
alternative, if available, when this rationally does not represent the best alterna-
tive. The closer the probability of an event was occurring lies to 100%, the
more likely the persons selecting are to decide on this occurrence.
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The effect of the immediacy shows parallels to this. In this, decision-
makers attach disproportionate importance to immediately occurring occur-
rences. Thus, they preferred for example 30§ today in comparison with 458 in
one year. If both possibilities 30$ in one year or 458 in two years could be se-
lected, however, the test persons selected 45$. If a decision-maker has the
choice between an immediately occurring alternative or a possibility occurring
only later, he/she will rather decide on the event occurring immediately, even if
this alternative is purely rational for him/her and not the most favorable eco-
nomically.

A further characteristic feature of human decision-making that can lead to
errors in forecasts is the effect of wishful thinking, also referred to as unrealis-
tic optimism (Weber and Chapman 2005). The studies by social scientists show
that individual persons overestimate the spread of their own views in the popu-
lation. For this reason, the chances of the party preferred by the selector are
overestimated. This can now lead to the outcome that based on this overesti-
mate, more shares of the preferred party are acquired than would be expected
on the basis of the existing information. Furthermore, it was also established
that so-called “good news”, i.e. favorable information for a party, tends rather
to be spread by market participants where the party preferred by him/her is
concerned. Also, in electronic prediction markets arbitration effects can occur,
which can falsify the result. If prediction markets are to be used as prognostic
instruments, phenomena such as those represented above must be taken into
consideration both during the development of the market and during the
evaluation of the results.

2.5.7. Future Possible Uses of Prediction Markets

Prediction markets are distinguished above all by the following characteristic
features:

e They provide a stimulus for the search for information.

e They are an incentive for the true and accurate passing on of information.

e They bring about the aggregation of various opinions and are a collecting

tank for information.

e They provide predictions with a high degree of accuracy in a brief

period.

For these reasons, they are suitable to provide enterprises with forecasts
for occurrences that affect the future of the enterprise. By using the market
information from artificial markets, risks can be better assessed and hence cri-
ses are anticipated.

For enterprises, this gives rise to the chance to gather the collective intelli-
gence of their employees and use this as a valuable information basis for future
management decisions. Especially in the service sector, the employees interact
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closely with the customers and, gain essential findings about customer needs. It
appears meaningful, therefore, to retrieve this experience and use it for the fur-
ther development of the range of goods and services provided by the enterprise.
Thus, strategic business planning could no longer be determined by the execu-
tive management focusing on the main points, but on the basis of the knowl-
edge existing in the entire enterprise.

An electronic market has now been created with 10 possible alternatives
for future sales figures for the product concerned for the month defined. In this,
the sellers could in each case bet on one range; result 1 represent the sales fig-
ures from 0 to 1500, result 2 from 1501 to 1600 etc. Only the share with the
range in which the sales actually achieved were in the month concerned gener-
ated a profit of 1$. The development of the prediction market thus corresponds
to a “the winner takes it all” procedure as described above. Each participant
obtains 20 shares of each alternative at the beginning.

The participants can then trade freely with the shares in the course of a few
days. The objective was to show whether the price of the respective betting
slips actually permitted a statement about future sales figures. Actually, the
sales range from 1901-2000 achieved the highest price, i.e. the seller of the
enterprise assumed these sales figures as the most probable. This experiment
was repeated 16 times in the enterprises concerned, and the results ensuing
from this were 15 times closer to the sales figures actually achieved than the
predictions that were made with other prognostic instruments.

The enterprise Hewlett-Packard already uses artificial markets for sales
forecasts. Employees could buy fictitious shares, depending on how they esti-
mated the sales success. After three years, the predictions were 75% more ac-
curate than with traditional prognostic instruments. In this, while only a smaller
group of employees were addressed, however, the employees were selected
from all departments of the enterprise in order to be able to tap as many differ-
ent sources of information as possible. In addition, uninformed speculators
were involved in order to ensure the liquidity in the market and limit illogical
market behavior. In this, the market provided more accurate results than the
management questioned.

Also in the case of Siemens, electronic markets are already used for pre-
dictions. In collaboration with Vienna University of Applied Science and Sie-
mens Austria, a field test regarding the possible use of a prediction market in
the project management was carried out.

A considerable challenge in project management is the controlling of set
dates and deadlines and the associated costs. However, the sooner delays are
established, the easier it will be to guarantee the success of the project. In the
scope of software development project from the telecommunications sector with
ca. 200 employees and a planned term of 6 months two prediction markets were
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created. In this, the two questions put were as follows: “Is the project completed
on schedule?” and “How long will a possible delay last?” It turned out that the
project employees detected very early that delays would occur in the project,
although the check of the official project time schedule still resulted in no devia-
tions.

Particularly the construction industry, as a sector strongly influenced by
fluctuating economic cycles, is independent of a good assessment of the future
chances of the enterprise. Engineers and architects, as service providers, have the
opportunity to collaborate closely with their customers. This concerns in particu-
lar the project teams, which mostly manage a building project in an interdiscipli-
nary way jointly with the customer. For the executive management, it is now
decisive for the success of the enterprise to request from their employees the in-
formation of this generated in the course regarding the requirements of their cus-
tomers, any future building materials.

The electronic markets might be suitable for this. An operation in the plan-
ning office is quite conceivable, in particular as well as because in the offices of
small and medium sized enterprises the work with the Intranet or with a project-
specific Internet-based project room has been established. Reservations of the
employees with regard to the medium of the Internet are therefore not to be fea-
red.

2.6. The Development of an Electronic System for
Contracts and the Execution of Construction Work
in Germany

2.6.1. Introduction to Electronic System for Contracts

The basic idea of the European Union is that by forming a common market and
an economic and currency union in the long-term a unified Europe may also be
achieved. For the promotion of the European internal market, the following
essential basic principles apply: free trade of goods and services, prohibition of
discrimination on grounds of nationality, restriction of the right of establish-
ment, prohibition of the grant of unauthorized subsidies as well as uniform
trade practice rules. To help get the idea of the European Community accepted
also by the contracting authorities the European Union has regulated by coor-
dination directives on what criteria public contracts may be awarded.

Under the term electronic government, government departments are using
electronic media to an ever greater extent, both at the interface to citizens and
enterprises, as well as internally. A precise estimation of the potential benefits
of the use of new technologies is, however, very difficult to carry out. It may be
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assumed, however, that in the course of the realization of comprehensive e-
Government, considerable importance is attached to the organization of the
workflow management (Scheer et al. 2003). The experience in e-business has
already shown that the implementation of sophisticated technology-based solu-
tions is no guarantee of business success. For the benefit of citizens and the
economy, reliable and integrated services must be provided. The government
department at the same time is given the chance to develop into a service pro-
vider which with the help of lean processes acts flexibly and economically to
the satisfaction of its customers (Timmers 2003).

Deutschland Online is the joint E-Government strategy of the Federal and
Laender governments and local authorities. Federal Chancellor Gerhard
Schroder and the heads of the government of the Laender decided during their
conference on 26 June, 2003 on a joint strategy for integrated e-Government
Deutschland Online in order to create a cohesive e-Government landscape in
Germany. On the basis of this strategy the heads of government agreed on
18 December, 2003 on 20 joint projects with which administrative services will
in future be rendered via the internet. According to the basic principle “some for
all”, the Federal and some Laender governments or local authorities are pro-
ceeding with model solutions. The other partners are meant to profit from this,
through coordinated procedures, but without central bureaucracy, by being able
to use the solutions worked out for themselves. An essential element here is the
optimization of public procurement. Thus, according to the Federal Minister of
the Interior Otto Schily, all federal authorities should convert their procurement
to electronic system for the award of public projects procedures up to the end of
2005.

With the strategic project e-system for the award of public contracts the Fed-
eral Government is pursuing the aim of handling public procurement entirely
over the internet. With the e-system for the award of public contracts, due to the
market transparency, completely new possibilities to obtain public contracts now
exist. The project thus satisfies the requirements of the EC Treaty as well as the
above-mentioned basic principles for the promotion of the European internal
market.

The contract volume of the Federal and Laender governments and local au-
thorities is considerable: in the year 2002, this amounted to 260bn. Euros,
i.e. 25% of government spending and 13% of the gross domestic product
(Brown et al. 2007). A significant role here is played by contracts for the exe-
cution of building work.
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2.6.2. Electronic Contracts for the Execution of Construction
Work

The traditional invitation to tender and award of contracts for the execution of
construction work today is characterized by numerous media disruptions from
research to digital form and vice versa. The aim of the electronic solutions is to
simplify and curtail the process flows in the award procedure.

Legal and Technical Standards

The Unfair Trade Practices Act [Gesetz gegen Wettbewerbsbeschrankungen
(GWB)] provides that contracting authorities, when awarding a contract in ac-
cordance with the terms of the Public Procurement Regulations [Ver-
gabeverordnung (VgV)], must apply the provisions of the contracting regula-
tions. These provisions must be applied if a contract for building work,
deliveries or services is awarded by one of the contracting authorities stated in
section 98 and a certain threshold value is reached or exceeded.

The object of the building contracts is the execution and accordingly plan-
ning of building projects as well as the execution of building work. Supply
contracts are contracts for the procurement of goods that in particular relate to
purchase or hire-purchase, leasing, rent or lease with or without a purchase
option. Contracts for carrying out services are contracts that relate to services
and are neither building work nor delivery services. The following contracting
regulations apply, for the award of the diverse contracting parties:

e The Regulations for Contracts and the Execution of Construction Work
Vergabe- und Vertragsordnung fur Bauleistungen (VOB)], Part A, for
the award of building contracts.

e The Regulations on Tender Procedures for Supplies and Services [Ver-
gabe- und Vertragsordnung fur Leistungen (VOL)], Part A, for supply
contracts.

e The Professional Services Contracting Regulations [Vergabe- und Ver-
tragsordnung fur freiberufliche Leistungen (VOF)], for service provid-
ers that cannot be described unequivocally and exhaustively in advance.

With the Digital Signatures Act (Signaturgesetz) and the amendment of the
VOB in June 2000, the legal foundations for the digital award were laid.
Through the new Regulation on Provisions for the Award of Public Contracts
[Vergabeverordung (VgV)] that came into force on 1 February, 2001 a legal
framework was created.

Paragraph 15 VgV stipulates that insofar as the individual contracting
regulations contain no provisions regarding the submitting of tenders electroni-
cally, in the case of public invitations to tender, contract awarding authorities
may permit the submitting of tenders in forms other than the research form. An
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essential precondition for the validity of the procedure is that the confidential-
ity of the tenders is guaranteed. For this, digital tenders must be encrypted
within the meaning of the Digital Signatures Act. The encryption must be
maintained until the end of the deadline for submitting tenders. This legal regu-
lation is based on the implementation of the corresponding EC Directives. It
obliges the Member States to implement the electronic system for the award of
public projects into national law. In Germany, this occurred through section 15

VgV and section 21 no. 1(1) VOB/A.

In the event of an electronic system for the award of public projects, it
must be guaranteed that each tender can be clearly identified and its tender is
kept in safe custody unchanged and unopened until the deadline for submitting
tenders.

The decisive factor here is the Digital Signatures Act (SigG), which en-
tered into force on 16 May, 2001. Under section 2 SigG, electronic signatures
is “...data in electronic form, which is enclosed with other electronic data or
logically linked with it, so that it serves the purpose of authenticating this”.
Making legally binding declarations is possible with the advanced electronic
signature. These are based on a qualified electronic certificate. Such a certifi-
cate is provided by a registered or voluntarily accredited provider of certifica-
tion services and is created utilizing a secure signature creation unit. It includes
a personal chip card as well as a card-reading device and the corresponding
certified software for each person signing.

The digital signature is realized technically by applying the public key
concept (Brown et al. 2007). The two keys, one open, available to everyone
(public key) and the other private (private key) are used. One of these also re-
fers an asymmetric procedure type of encryption.

The principle of asymmetric encryption consists in data made illegible
with the help of a public key only being made legible again with the corre-
sponding key. The so-called providers of certification services are responsible
for the authentication and the integrity of the keys. They check the identity of
the participants, create the public and private key, certify these and keep a list
of all participants. The private key is saved on a chip card with a PIN number
and the public key in a directory available to everybody in the internet. Thus,
the public key is accessible without any problems and signatures can be
checked for authenticity.

If the person signing wishes, in addition, a time stamp may be created by
the provider of certification services. This has the advantage that it can be re-
constructed subsequently when exactly a document was signed. Just as simple
as the creation of the digital signature is also the check by the recipient. The
signature software also required by the recipient downloads the public key
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from the public directory in the internet. The legal and technical framework for
the award by digital means is thus provided.

Current Practice in the Award Process

Independently of the project circumstances, current practice in the award proc-
ess takes the following form. In large-scale projects, the project planning is
frequently not only carried out by one planner, but broken down into planning
and invitation to tenderer. In this case, the planning must be handed over to the
planner putting out to tenderer. The project planner draws up the plans by
means of CAD, lets them be plotted out and sends them by messenger or a
similar service to the planner putting out to tenderer. Plans are also sent via e-
mail or on data carrier. If the list of services is compiled, it must be sent for
reading to all project coordinators. After a correction following this, the list of
services, including all required plans, is finally forwarded to the tenderers.

They now draw up their tenderer for the project phase that is being put to
tenderer, in most cases per EDP. At the same time, however, this means that
the data printed out on research beforehand must be reintegrated into the corre-
sponding software.

Once the tenderer has calculated its tender, it prints this out again and re-
turns it with a legally valid signature to the authority awarding the contract.
The tenders are kept there closed and in safe custody up to the opening date.
Only tenders submitted in good time prior to the deadline for the submission of
tenderers are admitted. During the opening, a first, unevaluated result is read
out; subsequently, all tenders must be checked as regards their contents and
calculations; from this, a final price comparison list is drawn up. This makes a
high expenditure in manpower necessary. The tenderers are mostly also sup-
plied with a version of the list of services on floppy disk, including the neces-
sary software in order to be able to open this. They are, however, not forced to
submit a quote regarding their prices again on floppy disk in addition to the
signed research form. In larger companies, while the return of the filled-in ten-
derer’s floppy disk is in the meantime the norm, many smaller enterprises still
balk at it. A list of services has thus changed its medium from research to file
and vice versa several times up to the time of the award. Associated with this is
increased expenditure of time and personnel for the activities of copying onto
research, forwarding and sending by post.

The Principle of the Electronic System for the Award of Pub-
lic Projects

The digital award pursues the objective to simplify the award process, thus
making it more efficient. If the list of services, as previously, is compiled with
AVA software suitable for this, the supporting documents are no longer printed
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out and copied after completion, but transferred to the internet platform. The
tenderers with access authorization have access to it and can retrieve the entire
award documents digitally and upload the lists of services onto the platform
again after compiling the tender.

The media disruptions of the traditional procedure are thus completely
eliminated. The standardized file format of the lists of services is the GAEB
format. GAEB is the abbreviation for the joint committee for electronics in
building industry (Gemeinsamer Ausschuss Electronik im Bauwesen). Via the
GAEB interface, as provided by the regulations of 1990 (GAEB 90) and GAEB
Da of 2000, the contents of a list of services as well as the corresponding key
of the standard construction services manual can be exchanged.

The procedure described above is comparable for most public awards. In
the digital award processes it is now a matter of illustrating all steps techni-
cally, so that a handling free of media disruptions by the contracting authority
as well as the tenderers becomes possible. How the requirements for the proc-
esses under procurement law are implemented technically will be explained in
greater detail by the example. Presenting the following three projects: the e-
Award Project of the Federal Government, the Electronic System for the
Award of Public Contracts of the German Federal State of Bavaria and the
Electronic System for the Award of Public Contracts of the City of Berlin.

2.6.3. Projects for the Implementation of the Electronic Sys-
tem for Contracts and the Execution of Construction Work in
Germany

2.6.3.1. The E-System for the Award of Public Contracts
Project of the Federal Government

In 1998, the federal government started the e-system for the award of public
contracts project. At the beginning of March 2003, the Federal Office of Con-
struction and Regional Planning cleared the first public invitation to tender in
the public-sector building industry — the construction of a low-voltage current
net-work for a Bonn office building via the award platform of the federal gov-
ernment. With the goal to be able to carry out public contracts more quickly
while avoiding the traditional administrative costs for the research award, the
federal government initiated the pilot project “Electronic award of federal gov-
ernment contracts”, in which the first building contracts have now also been
awarded. Thus, a platform was created, with which the electronic system for
the award of public projects of contracts of a very wide range of different ser-
vices is to be handled by the federal government department in the future. The
goal is the development and proving of the electronic system for the award of
public projects in the internet.
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When designing the e-system for the award of public contracts, three prin-
ciples stood in the foreground:

o The creation of extensive legal conformity;

o Guarantee of a sufficiently secure infrastructure;

o Guarantee of the sustainability of the system.

The rules stipulated in the guidelines for the award for the various areas
(VOL/VOF and VOB) and the various award types (from open procedure to a
single tender action) must be reflected in the hardware and software. A direct
consideration of current court rulings regarding awards was a further require-
ment with regard to the technical system.

Procedure and Project Coordinators

The e-system for the award of public contracts project was lead-managed by
the Federal Ministry of the Economy and Work in the development and pilot
phase and developed in close consultation with the Federal Ministry of the Inte-
rior and the Federal Ministry for Transport, Construction and Housing. In this,
in two federal authorities is the Procurement Office of the Federal Ministry of
the Interior and the Federal Office of Construction and Regional Planning
(BBR) is the foundations were laid for putting the electronic system for the
award of public projects to the test in a pilot study. Both of these offices were
selected in order to be able to test the electronic procurement for the various
award areas: The VOL, the VOF and the VOB. Accompanying scientific re-
search analyzed and bundled the various experiences during the pilot phase,
guaranteed the transferability of the results and administered their circulation.
A series of federal government departments, research institutes and enterprises
are working on the e-system for the award of public contracts project. Besides
the federal government offices, CSC Ploentzke AG, the Fraunhofer-Institut fur
Arbeitswirtschaft and Organisation (IAO) and Wegweiser GmbH in Berlin
were also active. CSC Ploentzke AG, as the subsidiary of a worldwide active
IT consultancy and service company, has realized a solution for the electronic
illustration of the public award process in conformity with procurement law.
The key elements of the solution are a highly confidential and highly available
communication platform with the possibility to exchange documents as well as
the use of the qualified electronic signature and the legally compliant imple-
mentation of the procedure. Fraunhofer Institut and Wegweiser GmbH Berlin
cooperated in the accompanying research and the communication of the project
results to the general public.

In the e-system for the award of public contracts project the following
process steps were implemented technically (Bock and Kiermeier 2003):

1. Official announcement besides the well-established publication possibili-
ties: official announcements are additionally published on the website.
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. Search for invitations to tender enterprises search electronically for
public invitations to tender. In this, the electronic search function of this
system is available to them free of charge. By using specifically pro-
grammed agents this search can be automated.

. Requirement of tendering documents enterprises may be registered
online and after a successful application for registration request the ten-
dering documents via the internet. The identification and authentication
of the enterprise takes place via the electronic signature; a check of the
suitability takes place during the first registration.

. Application for participation an application for participation is filed by
analogy to the requirement of the tendering documents as well as the
subsequent submission of a tender electronically.

. Making available tendering documents must be downloaded via the
internet, after the enterprise has been authenticated with the help of the
electronic sig-nature. The tendering documents sent by the procurement
office must be furnished with the electronic signature of the competent
clerk in the public authority.

. Compiling the tender and forwarding the tendering form is available in
electronic form as a pdf-document. With the help of Adobe Approval
the tenderers can fill in, save and sign the tendering form. The tender-
ing form and any additional documents such as for example auxiliary
tenders are forwarded electronically. Through a qualified electronic
signature the tender becomes legally valid.

. Submission and handling of the tender, the electronic handling of the
tender provides an additional degree of process safety. The e-system for
the award of public contracts project approves tenders only on the ap-
pointed date; until then, the tenders remain encrypted. The editorial
principle according to which texts are proofread by a “second set of
eyes” is satisfied by two employees of the authority awarding the con-
tract being authenticated at the computer for the tenders by means of
their signature card in order to then open the tenders. The list of tender-
ers and price comparison list are drawn up automatically and can be
supplemented by tenders received conventionally.

. The acceptance of the tender and notification to the tenderer the e-
system for the award of public contracts project notifies the result of the
invitation to tenders electronically to the participants. The decision is
given its legal validity by the electronic signature. An electronic time
stamp serves to control set dates and deadlines.
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Technical Implementation

The most important part of the e-system for the award of public contracts pro-
ject is constituted by the e-system for the award of public contracts platform.
Through this, authorities awarding contracts and parties tendering com-
municate with one another. The main elements of the platform are formed by a
webserver for the presentation of web contents as well as an application server
in which processes and processing logic are saved. The webserver receives the
inquiries of the users and passes these on to the application server. The applica-
tion server processes the inquiries and returns the answers to the webservers,
which then pass these on again to the users. The system works browser-
supported, in which Internet Explorer or Netscape Navigator may be used. For
the platform, a safe transfer to the internet is created with the help of firewalls.

The communication of sensitive applications with the web server flows
through the transfer protocol https, Hypertext Transfer Protocol Secure, which
guarantees a high degree of transfer safety. On the part of the tenderers, the
application program ANA is made available as a tendering assistant for the
document exchange; on the part of the authorities awarding a contract, the
online procurement assistant, OBA, and the opening assistant for tenders, OFA
are also made available. For these applications, the secure socket layer, SSL,
protocol is used, which allows a safe exchange of confidential information in
the internet. SSL. enables the authentication of the communication partners by
using asymmetrical encryption procedures and certificates and thus makes pos-
sible the confidential data transfer.

In the e-system for the award of public contracts procedure the public key
infrastructure is used. In this, for a particular award procedure, closed user
groups are formed. In principle, the participants identify themselves both to the e-
system for the award of public contracts platform as well as in the context of a
specific award procedure via its encryption certificate and the corresponding pair
of keys.

Project Experience to Date

On 4 March, 2003, in the portfolio of the Federal Ministry for Transport, Con-
struction and Housing the starting signal was given for a first complete award
of contracts and the execution of building work. The Federal Office of Con-
struction and Regional Planning released the first invitation to tender in the
public-sector building industry is the construction of a low-current network for
a Bonn office building via the award platform of the federal government.

With the e-system for the award of public contracts project, for the first
time a public invitation to tender was handled completely electronically in a
federal government department. The electronic procedure in practice has dem-
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onstrated that all process steps can be illustrated and handled continuously with
legal certainty. The project experience has shown that the e-system for the
award of public contracts could be accessed at any time without difficulties and
its availability in the operation was stable. To date, however, acceptance by the
tenderers has been marginal. One of the reasons for the relatively small partici-
pation by the participants in the electronic procedure lies in the consistent use
of the qualified electronic signature. In this, a less significant role has been
played by the costs for the signature and the reading devices than by complica-
tions during the procurement of the signature cards. First of all, such cards
could only be sourced through the party tendering Telekom. In the meantime,
however, there are various other parties tendering, such as DATEV and the
savings-banks so that here the service has improved. Even if further hurdles
have to be removed, on the part of the enterprises great interest in participation
exists.

2.6.3.2. E-System Projects for the Award of Public Contracts
on the Part of the Leander, the Example of Bavaria

The Bavarian Public Authority for Building Construction works on approxi-
mately 20,000 lists of services annually in collaboration with the invitation to
tender and award of building projects of the Free State of Bavaria. These are
often several hundred pages thick. With the now current project “digital award”
the highest building authority is now promoting innovative applications and
technologies with the objective to create benefit for the potential public-sector
customers and private parties tendering through a digital procedure in confor-
mity with VOB.

Procedure and Project Contributor

A competition was initiated in order to use the innovative force of the market.
In a closed procedure run in accordance with the Regulations on Tender Proce-
dures for Supplies and Services (VOL) approximately 30 companies applied;
eight applicants fulfilled the preconditions for a participation in the procedure.

The decision was made for T-Systems with the subcontractor Ventasoft.
The task was on the one hand to illustrate technically the process described
already under Point 2.2, and on the other hand to make available and operate a
highly secure platform. T-Systems operate the integrated solution for the digital
award system and provide the software solution in the computer centre. The
computer centre is protected by extensive safety measures. Besides separate
safety standards, a two-stage firewall concept, special data backup, monitoring
and the digital signature ensure the safe operation. Ventasoft GmbH introduces
the software “AVA-Online”, trains the users and provides support.
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Technical Implementation

For the initial supply with a signature card and reading devices for the use of
qualified digital signature, T-Systems provide corresponding product bundles.
After the procurement and installation of a reading device with a signature
card, the tenderer can register once only on the award platform of the Bavarian
Higher Building Authority, “www.vergabe.bayern.de”. During registration, the
sectors or rather the project stages worked on by the company are inquired
about. This makes it easier for the contract placing authority to carry out a tar-
geted search for specialist companies in the event of restricted invitations to
tenderer. During the registration, the conditions of use must be accepted. The
company may immediately download the tendering tool AVA Sign, a hand-
book and the brief guide free of charge. For the registration and the one-off set-
up on the platform, the company incurs costs in the amount of 25 Euros.

The software used illustrates the process steps from the drawing up of a
text for publication to the publication online, the application by the companies,
the making available of all award documents and finally the official an-
nouncement of the result of the submission. The software solution used in Ba-
varia has been certified in accordance with the Digital Signatures Act and con-
firmed by the regulatory authority for telecommunication and post. This
guarantees the authorities awarding contracts and tenderers a high quality and
legal certainty in the entire award process.

The tenderers can fill in the list of services and the forms in a user-friendly
way with the tendering program AVA Sign. The Companies with calculation
software can export the list of services from AVA Sign via the GAEB-interfaces
and import the tender data via the GAEB file DA84 again into AVA Sign and
check for completeness. The tendering program contains a plausibility and com-
pleteness check. In the case of an incomplete entry, warning notices appear. For
the tenderers, the processing costs are thus reduced as well as the probability of
procedures being excluded due to formal errors. The tender is provided with a
qualified electronic signature and submitted in encryption via the award platform.
The tenders then lie encrypted in a high security centre of Deutsche Telekom AG
and can only be opened during the submission in accordance with the editorial
principle according to which texts are proofread by a “second set of eyes”. Prior
to the opening date, the tenderer may withdraw its tender at any time. During the
submission of tenderers, it receives a legally binding receipt with a time stamp.

Project Experience and Further Procedures

In future, construction companies will download the award documents digitally
via the internet onto their computers in the workplace and edit the lists of ser-
vices with their calculation programs. Small and mid-sized companies can also
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do this without a calculation program and nonetheless use the advantages of the
new procedure without restriction, since a simple calculation program is con-
tained in the tendering tool. The federal Land invests around 650,000€ in the
making available and maintenance of the software, the introduction of the sys-
tem as well as the initial 2-year operation in the computer centre. For enter-
prises interested, there are information events and training courses Bavaria-
wide. Bavaria started the project on 1 September 2003 in three pilot building
authorities. At other government agencies the technical possibilities are being
created at present, and above all the employees are being trained correspond-
ingly. In an e-Government agreement a top to bottom implementation of the
system was decided on jointly with the local authorities. At a congress taking
place in Berlin “Online award of public construction contracts”, the construc-
tion director Herbert Schiefil of the Highest Building Authority in the Bavarian
State Ministry of the Interior reported on his experience regarding the introduc-
tion and application of the online system for the award of public contracts in
Bavaria. Thus, accordingly, from September 2003 to February 2004, around
450 construction measures were put out to tender, of which up to this time 200
were online award procedures, with a participation of approximately 50% of
online applicants.

Mr Schiefil also reported that the handling of the forms should be im-
proved still further and thus an added value in the building authorities could be
created through the tools used. Accordingly, what was important was also an
own DSL access for the tender opening session so that the opening date could
proceed punctually and quickly.

The experience to date with internet technologies has shown that a new
technology is not automatically used on a broad basis as soon as this technol-
ogy is technically possible. Necessary for the implementation of the electronic
system for the award of public projects is therefore that it is easy to recognize
benefits of use for parties tendering and authorities inviting to tender.

Preconditions for the Acceptance by the Parties Involved

The National Federation of the German Building Trade was involved in an
advisory capacity in the development of the online award system of the Highest
Building Authority in Bavaria. In collaboration with representatives of the
building trade and employees of the building authorities concerned, the follow-
ing minimum requirements were listed:

High degree of safety through certified signature components;

High availability;

Conformity with the award work-flows;

Simple, self-explanatory use;

Cost savings potential.
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A significant role in the success of the introduction of the electronic sys-
tem for the award of public projects is the necessary safety of the procedure.
The requirements as to the qualified, electronic signature under the Digital Sig-
natures Act must be complied with. For this, a safe signature creation unit, a
chip card with a pair of keys as provided in section 17 of the Digital Signatures
Act and section 15 of the Digital Signatures Ordinance is necessary. The crea-
tion of the signature is thus legally regulated, not however the encryption itself.
For this reason, the Land Bavaria has had the e-award solution confirmed not
only in accordance with the manufacturer’s declaration, but also through an
unambiguous certification in accordance with the Digital Signatures Act and
the Digital Signatures Ordinance. Also, the signature software for the award
platform of the federal government is in conformity with the law through a
corresponding manufacturer’s declaration in accordance with the Digital Signa-
tures Act. The safe custody of the tenders on the platform is advantageous in
comparison to the traditional system. Through the digital time stamp, it is pos-
sible to comprehend through whom and at what time the tender was submitted.
Thus, from a legal perspective, nothing further stands in the way of its use.

A high availability must be guaranteed by a corresponding redundancy of
the system. If this is the case, an additional benefit for all parties involved is
created by the e-system for the award of public contracts project, since the
flexibility of the work increases. The employees drawing up the invitation to
tender can access the platform at allocated workplaces independently of time
and place; the collaboration is thus simplified and accelerated. The parties ten-
dering can submit or withdraw their tenders up to the submission date, and are
thus likewise more flexible in terms of time. Submitting tenders within the time
specified is thus clearly simplified. While in the traditional way several days
had to be planned for the packaging and dispatching of the supporting docu-
ments, these process steps cease to exist completely here.

The examples presented demonstrate how the award work-flow was illus-
trated technically in the projects. Various tools were developed to facilitate the
work; e.g. the simple editing and the compilation of necessary forms for the
award documents with the authority inviting tenders, or the automatic check for
completeness and plausibility of the tender with the tenderer.

Also the criterion of the simple and self-explanatory handling is fulfilled
by both platforms used at the present time. In addition, however, it is absolutely
necessary to bring the technology underlying this closer to all parties involved
in order to make the necessary changes more comprehensible for the persons
working with it. In the above-mentioned projects, in addition information
events, specially prepared material and hot line support services are made
available.
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In the enterprises, only minimal costs are incurred for the use of the digital
signature; these are composed of the procurement of the signature card and the
reading device as well as the costs for the use of the internet. In return, how-
ever, the costs for the post and the supporting documents, for which previously
a fee was charged, no longer apply, while the download of the award docu-
ments is free of charge. The costs for the training of employees is likewise ex-
pected to be minimal, since the systems used are largely self-explanatory and
user-friendly. On the part of the parties tendering, funds in a high amount have
already been made available for the development of the systems. In addition,
the expenditure for the making available and operation of the platform, internal
training courses and their further development and accordingly integration of
the software also fall away. Against this, there are savings potentials through
the improved technical support of the process steps and through reduced per-
sonnel costs. In small and mid-sized enterprises, on a broad basis the potential
for the implementation of the electronic system exists for the award of public
projects and this could contribute to triggering an increase in productivity
(Brown et al. 2007).

Unresolved Questions

From the experience of the described pilot projects, new problems have
emerged. What system and what invitation to tender platform will prevail?
What technical standards will be established? Various systems are already be-
ing used. Further private parties tendering are contacting the local authorities.
The tendering enterprises are now confronted with a number of diverse invita-
tions to tender platforms in the internet. A search for invitations to tender is
still intricate for them at the moment, since diverse platforms have to be re-
trieved, and in each case a new application and accordingly registration be-
comes necessary.

While the operation of the platforms is largely self-explanatory, it is how-
ever varied and the technical requirements are also different. The introduction
of the new workflows changes the workflow management above all on the part
of the public sector; potential savings resulting from this may cost jobs
(Schultzki-Haddouti 2004).

A further problem results from the handling of the certificates for the digi-
tal signature and their validity. The period of validity of a qualified certificate
is according to section 14 of the Digital Signatures Ordinance restricted to 5
years, i.e. afterwards no signature can be affixed with this certificate any more;
the validity is, however, in the case of accredited tenderers, verifiable for at
least 30 years. Even if a provider of certification services has discontinued its
business operation, through the role of the regulatory authority as a so-called
Root CA by virtue of law, the permanent verifiability of the signatures is guar-
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anteed. The certificates can be verified via the internet at the respective trust
centre. Since, however, signature cards have to be sourced from several parties
tendering, various databases must also be checked regarding the validity of the
signature.

The goal of the e-system for the award of public contracts projects is the
implementation of the award processes digitally. First of all, however, tenders
must also be admitted in research form. Cost savings on the part of the public
sector can only be realized if the majority of tenderers actually participate in
the digital procedure. A proportion of 50% of digital tendering in the Bavarian
project shows that in the enterprises there is widespread willingness to make
change.

2.7. The Effect of Changing the Project and
Organizational Efficiency. Level Factors on the
Efficiency of Integrated Construction Management

The second level factors may be considered as the project and organiza-
tional level and these depend upon those at the external level. In order to effi-
ciently implement project management, it is necessary to investigate as many
of the possible alternative solutions for each variable and to select the most
rational one. The selected variables are then combined into one efficient inte-
grated project management life cycle. Hence, the efficiency of a project man-
agement will depend to a very great extent not only on the selected variables,
but also on project, organizational and external factors affecting them.

The level of efficiency and the scope of activities of the integrated project
management depend on the following groups of project and organizational
variable factors:

e Strategy/portfolio management;

Operations research (decision sciences);

Organizational behavior (human resources management);
Information technology (information systems);
Technology applications (innovation);

Performance management (earned value management);
Engineering and construction;

Quality management;

Motivation;

Risk management.

Project and organizational environment have a direct impact on integrated
project management opportunities. This may facilitate integrated project man-
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agement or, on the contrary, may create constraints. Until recently, researchers
were unable to reach a unanimous conclusion as to the structure of factors of
project and organizational environment and therefore several variations can be
found in articles and books on this subject.

The problems related to the management of projects and project success is
addressed in many studies. Sambasivan present several causes for losses in
construction project management, such as a contractor’s faulty planning, in-
adequate contractor experience, problems with subcontractors, shortage of ma-
terial, non-availability of and failures in equipment, lack of communication
between parties and mistakes during the construction stage (Sambasivan and
Wen-Soon 2006).

Some considerations on construction project management at the construc-
tion site need to be emphasized such as a high degree of current uncertainty
about the construction process, the predominance of excessively informal deci-
sion aid coming from the project manager and the exaggerated over-emphasis
given by project managers to controlling time and costs. According to Cooke-
Davies there have been several past studies on the success of projects and
which factors lead to project success (Cooke-Davies 2002). Despite this, a pro-
ject may still under-perform and an understanding of project success factors
alone is not sufficient for the success of a project (Pheng and Chuan 2006).

The role of the project manager and his/her leadership style has been ad-
dressed as important aspects for the success of a project (Pheng and Chuan.
2006) although most of the literature ignores this (Turner and Muller 2005).
Greek and Pullin (1999) also assert that many construction project management
teams do not focus on those critical issues of projects. Project management,
according to these authors, is an activity characterized by failure and these fail-
ures happen for two basic reasons: technical uncertainty and misjudgment of a
project’s urgency.

Baker e al. (1983) defined project success as follows: “If the project meets
the technical performance specifications and/or mission to be performed and if
there is a high level of satisfaction concerning the project outcome among: key
people in the parent organization, key people in the client organization, key
people in the project team and key users or clientele of the project effort, the
project is considered an overall success” (Baker er al. 1983).

Freeman and Beale (1992) concluded that success means different things
to each individual. An architect may consider success in terms of aesthetic ap-
pearance, an engineer in terms of technical competence, an accountant in terms
of dollars spent under budget, a human resource manager in terms of employee
satisfaction, etc.

Sayles and Chandler (1971) listed five critical success factors for a project.
These are project manager’s competence, scheduling of activities, control sys-
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tems and responsibilities, monitoring of project and continual involvement in
the project. Martin (1976) identified eight success factors in a project. These
are defined goals, organizational philosophy, management support, proper
delegation of duties, selection of team, proper allocation of resources, informa-
tion mechanism and planning reviews. Morris and Hough (1987) found nine
success factors of a project. These are clear project objectives, technical uncer-
tainty innovation, politics, community involvement, schedule duration urgency,
finance, legal agreement, contracting and solving of problems.

According to Liu and Walker (1998), project success is a concept which
can mean so much to so many different people because of varying perceptions,
and leads to disagreements as to whether a project is successful or not. Avots
(1972) identified reasons for project failure and concluded that the wrong
choice of project managers, unplanned project termination and unsupportive
top management were the main reasons for the failure of a project. Hayfield
(1979) established three sets of factors that determine the successful outcome
of a project. According to Hayfield (1979), these are project, organizational and
external factors. The external factors include realistic and thorough definition
of the project, efficient manner of project execution, comprehension of project
“environment” and selection of organizations for realizing the project. On the
other hand, the project and organizational factors include formulation of sound
project policies, clear and simple project organization, selection of key person-
nel, efficient and dynamic management controls and reliable management in-
formation systems.

Might and Fischer (1985) investigated structural factors assumed to affect
project success. These factors include the organizational structure, the level of
authority delegated to the project manager and the size of the project. They
found a weak relationship between organizational structure and project success
and no relationship between project size and success. Delegation of authority
was found to be positively related to all internal measures of success.

Pinto and Slevin (1988) reported that critical success of a project depends
on ten factors. These are project mission, top management support, project
schedules, client consultation, personnel recruitment, technical tasks, client
acceptance, monitoring and feedback, communication and trouble-shooting.
Anton (1988) listed six factors to enhance project success. These factors are
planning effort in design and construction, project manager goal commitment,
project team motivation, project manager technical capabilities, scope and
work definition and control system.

Belassi and Tukel (1996) categorized success factors into four main
groups. These are factors relating to the project managers, the project, the or-
ganization and external environment.
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A construction project is characterized by a high number of project partici-
pants and a multitude of contract relations. The Principal Agent Theory deals
with the design of contracts, especially with respect to asymmetric information.
Asymmetric distribution of information in co-operations can have effects be-
fore as well as after closing a contract. In construction project management
therefore attention has to be paid to where information imbalances occur. Sev-
eral methods are known with which one can cope with the resulting problems
but which in turn cause costs (Schieg 2008, 2009).

Typically, the construction industry includes four parties: an owner, a de-
signer (architect or engineer), the builder (usually called the general contrac-
tor), and the government (local laws and regulations). Traditionally, there are
two contracts between these parties as they work together to plan, design, and
construct the project. The first contract is the owner-designer contract, which
involves planning, design, and construction administration. The second con-
tract is the owner-contractor contract, which involves construction. An indirect,
third-party relationship exists between the designer and the contractor due to
these two contracts (Diederichs 2001).

An alternate contract or business model replaces the two traditional con-
tracts with three contracts: owner-designer, owner-construction manager, and
owner-builder. The construction management company becomes an additional
party engaged in the project to act as an advisor to the owner, to which they are
contractually tied. The construction manager's role is to provide construction
advice to the designer, on the owner's behalf, design advice to the constructor,
again on the owner's behalf, and other advice as necessary (Diederichs 2001).

Strategic planning is crucial for the survival of a company, wide-ranging
decisions about future action must be taken. The information basis for such
decisions is often gained from forecasts about the future with more or less ac-
curate probability of the assumed event occurring. Electronic markets have
been the subject matter of numerous investigations in recent years and if organ-
ized correctly show a high degree of accuracy in forecasting future events rele-
vant to the business of a company. In major enterprises prediction markets have
already been used successfully as a new kind of prognostic instrument. It is
also suitable, however, for small and medium-sized enterprises for the gather-
ing and assessment of the information available to the employees. When devel-
oping prognostic markets it is necessary to take into consideration psychologi-
cal factors, which could favor incorrect results (Schieg 2005).

In order to throw more light on the project and organizational efficiency
level factors, further follow more detailed description of the post-mortem
analysis on the analysis and evaluation of risks in construction project man-
agement and risk management in construction project management.
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2.8. Post-Mortem Analysis on the Analysis and
Evaluation of Risks in Construction Project
Management

2.8.1. Introduction to Risk and Post-Mortem Analysis

Risk management has grown in significance in the companies of the construc-
tion industry. Intense competition compels them to deal intensively with the
analysis of opportunities and risks. The analysis of errors in repetitive proc-
esses plays an essential role in the evaluation of risks. Methods such as the
post-mortem analysis are used in production as a standard for the further devel-
opment and optimization of operations and, for this reason, for the reduction of
risks.

It is fundamentally more difficult to learn from projects since every project
is unique in itself. The analysis of processes, the assessment of projects, the
discovery of the need for improvement and the implementation of complex
alterations of the process are the core tasks of company management.

One tool for this is the post-mortem analysis. It is used today especially in
IT projects; the terms “project retrospective” and “project review” are also
found in the literature for this.

The post-mortem analysis is a tool for company knowledge management.
In every project, the team members gain new knowledge and experiences that
support future projects and broaden the knowledge of the individual employee.
This knowledge must be incorporated in the risk management process. It is,
e.g., integrated into check lists for the identification of project risks. Risk
evaluation is simplified and made more accurate by the compilation of results
from preliminary projects. Typical answers emerge from the following ques-
tions: What problems have arisen? How did problems come about? What reac-
tions do these lead to? What costs have emerged? What risks remain? Before
findings from a project can be used for new projects, ways must be found to
bring them together and to consolidate the information. For example, project
information packets can be tied together, which can be held in databanks and
used by other employees. The end of a project is the appropriate time to set
reasonable standards, to analyze and to apply concrete data that can be drawn
on in the planning of future activities. In doing so, successes as well as errors
should be analyzed and consistent opportunity and risk management pursued
for future projects. The following shows how the post-mortem analysis (PMA)
can be used in the risk management of construction projects.
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2.8.2. Risk Management in Projects

Risk management includes the integration of risk political principles, the estab-
lishment of risk consciousness as well as organizational integration. It is the
impetus for the risk management process and is responsible for risk control
with knowledge of the current risk situation (Diederichs 2001). Risk manage-
ment increases transparency; proactive handling can prevent many problems
beforehand and the project can be prepared for unavoidable problems. Out-
comes can be moderated and the project manager retains control of his project.

Risks that are not recognized can not be evaluated and dealt with. How-
ever, complete ascertainment of risks is impossible. It is therefore the task of
risk management to ascertain the fundamental risks as completely as possible.

The objective is to describe the risk situation as completely and accurately
as possible and to prioritize the risks. For this purpose, the identified risks re-
lated to the occurrence probability and the effects on the project are examined.
A portfolio and/or risk cost evaluation predominantly serves for classification.
Standards must be found based on which individual risks can be evaluated and
compared with one another.

A risk must always be described as a loss occurrence to which a total de-
fined value can be assigned. A value for the risk can be calculated from this
loss evaluated according to cost and the occurrence probability. The risk
evaluation contains the qualitative evaluation and quantitative measurement of
individual risks including their multilevel cost and effect relationships. The
results of the risk evaluation can help, e.g., to picture a risk portfolio of a pro-
ject and allow it to be compared with another.

While mathematically and statistically exact methods for risk evaluation
are applicable for the banking or insurance industries, these can not be consid-
ered the typical risks of the building industry.

Risk control is the active manipulation of the risks determined within the
scope of the risk analysis. Measures of risk handling can be either cause or ef-
fect related. Cause-related measures should avoid or diminish risks, while ef-
fect-related measures serve to reduce or safeguard the amount of loss to be ex-
pected in the case of risk (G6cke 2002).

Risk monitoring is the continuous operative control of the effectiveness of
the risk control measures. It is not the goal of risk management to completely
eliminate risks from the project. Risk monitoring helps to guarantee that the
risk position of the project corresponds to the risk situation targeted. This task
is supported instrumentally through variance analyses. The internal control
system is a component of risk monitoring. The ongoing monitoring of the early
indicators takes place by each of the persons responsible and by recurring risk
verification.
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Measures for control must be taken after the identification, analysis and
evaluation of risks. The control process can be subdivided into these sub-
processes: designation of the target, designation of the actual, target/actual
comparison and variance analysis. Within the scope of the monitoring as per-
manent process, to see if the implementation of the risk control takes place
accordingly. Steps are then to be initiated to determine the causes in discrepan-
cies between an actual and targeted risk situation. The risk strategy must then
be adjusted or revised based on these findings. Risk management in projects
therefore implies a permanent advancement of the risk management system
based on the results of project analyses.

2.8.3. The Post-Mortem Analysis as a Tool for the
Identification and Evaluation of Project Risks

The post-mortem analysis serves for the collection of experience in organiza-
tions. It enables the identification and processing of experiences in the field of
projects.

Details such as uniqueness, lack of standardization, change in project par-
ticipants and high complexity should particularly be considered within the
scope of projects. High complexity leads to the fact that the connections be-
tween individual occurrences and the resulting consequences can not be intui-
tively grasped.

The post-mortem analysis (PMA) should be a structured ritual at the end of
every project. Strengths and weaknesses in the project operation are identified
in this way. It provides the impetus for the following project; the findings go
into the project planning.

In addition, it can help to recognize recurring models in project develop-
ment that stand in the way of an improvement process. The execution of a post-
mortem analysis aids the individual project participants in the development of
personal knowledge; learning comes from information.

The processes occurring in the project are the focus of the PMA. Defined
processes determine those activities and procedures that are necessary for a
common understanding of undisturbed work progress. This involves the col-
laboration of the project team, the content, the sequence as well as the form and
the content of the results of the project acquisition and of the project execution
(Palaneeswaran et al. 2006). If there are defined processes of the project man-
agement in companies that contain quantitative goals and the control associated
with it, the risk of failure decreases. At the same time, the performance quality
increases with the control and the integration of processes determined by man-
agement.

The project review now offers the opportunity to discuss the quality and
implementation of existing processes and to identify possible improvements.
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The post-mortem analysis must be done via an expert or an expert system. The
expert must know the project operations in detail. It must be specified when the
post-mortem analysis is conducted and who participated in it when a postmor-
tem analysis is executed.

As a rule, the PMA workshop takes place at defined project milestones or
at the end of the project. A moderator leads the procedure; the members of the
project team, manager and possible customer representatives are additional
participants. The PMA process is made up of five steps:

1. Identifying company success factors. Success factors of the company
can be cost and schedule compliance, high performance quality, experi-
enced employees, etc. The goal clarity of improvement measures is
sharpened by the examination of the processes in connection with the
success factors of the organization.

2. Determining basic conditions. Projects come about under different
boundary conditions, demands and influencing variables. The heteroge-
neous field also has effects on the way in which the PMA can be con-
ducted successfully and efficiently. The goal is to come to the conclu-
sion with minor costs and charges to the employees of the organization
unit examined. Therefore, the method of execution of a post-mortem
analysis should be adapted to the form of the organization examined.
The PMA should be conducted differently depending on the size of a
project. In practice, differentiation in small to medium projects with up
to 30 project employees and in large projects with over 30 project em-
ployees proved to be of value.

3. Designating objective and subjective data. Costs, deadlines and quali-
ties count in the objective data in projects. Subjective data involves,
perceived customer satisfaction, communication between the partici-
pants, collaboration in the team, personal advancement of the team
members, motivation and commitment. Several methods are available
for the collection of the data, which are explained in more detail below.

4. Collection of experience. The results of the post-mortem analysis are
analyzed. The assessment of the findings can result in a
strength/weakness profile. This documents the specific advantages of
the project course as well as the detectable deficiencies that either lower
the efficiency and safety of the project development, or in the worst
case, endanger the project goals.

5. Creation of a catalog of measures. All measures suggested in the
strength/weakness profile on the different process themes are brought
together in a catalog of measures. The estimated implementation ex-
pense and the anticipated implementation length are determined with
regard to each individual measure. Priorities are determined for the
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measures that are oriented to the success factors of the company. In
conclusion, work packages for the improvement of the processes are
bundled together when the measures are defined and the need for action
is determined. Efficient implementation is important for the success of
these measures after conclusion of the post-mortem analysis.

An essential component of the post-mortem analysis is the execution of a
workshop on the project history. In the literature, this step is called the most
important step in the process (Kerth 2006).

The following methods are used to gain information:

e Interviews;

e Moderated group discussions;

o Questionnaires.

Interviews deliver the first global evaluation of the project success from
the view of different groups. As a rule, the practical level and the contact level
are analyzed in interviews. Questions on the satisfaction of the contractor or-
ganization, on the organization of the client, on the users of the project result
and on the project team are at the center. A judgment of the project manager
with regard to his technical, administrative and social competency occurs.

The involvement of all hierarchy levels directs the necessary attention to
the meaning of especially important processes. A balance between the percep-
tion of the management and the perception of the employees can take place in
this way.

In addition to the interview with standardized questionnaires, which is es-
pecially adapted for large samples, a moderated group discussion can be a bet-
ter choice with smaller groups. One handicap of group discussion is that opin-
ions are not expressed openly in the group, especially when there is an
authority figure or miscellaneous connections exist.

There are different techniques for the implementation of moderated group
discussions. In particular, the KJ (Jiro Kawakita) method and Root Cause
Analysis are used within the scope of the post-mortem analysis.

The KJ method is named after the Japanese ethnologist, Jiro Kawakita; it is
also known by the designation of problem landscape. In the process, a modera-
tor asks the participants to find information on a defined problem and write it
up on cards. These cards are then ordered according to similarity in categories
and clusters. All cards of a cluster are combined; the team looks for relation-
ships and connections between the clusters. These are substantiated and graphi-
cally documented. The result of the KJ method is a deeper understanding of the
inner connections of a problem. A search for solution should be directly at-
tached to it.

The Root Cause Analysis, also called Ishikawa Diagram or Fishbone Dia-
gram is used for the systematic identification of problem causes. In this con-
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nection, all possible causes producing a certain effect are separated into chief
causes and secondary causes (Ishikawa 1984).

Graphic structuring of the causes that enables a clear overall view follows
afterwards. In this way, problem causes are identified as completely as possible
and their connections graphically represented (see Fig 2.3).

Interviews can be done with the help of questionnaires. The advantage of
this is comparability between the projects results.

As a rule, a standardized and structured questionnaire is used for written
interview. All persons interviewed receive the same questions presented in
structured content sequence. Open questions are particularly suited for a post-
mortem analysis, i.e. questions without answer defaults. The assessment of
open questions is time-consuming, since the answers must be categorized and
combined with similar answer models. However, the aspects in informal dis-
cussion that largely elude a written interview can also be explored.

The use of the post-mortem analysis for the assessment of projects in com-
parison with other methods primarily offers the following advantages (Nel-
son 2006):

e Identification of structures for the improvement of the process. In prin-
ciple, the employees reflect on their own methods of operation and at
the same time receive feedback from other team members. Connections
in projects that have led to problems, so-called risk models, are revealed
in this way. The employees also become acquainted with those project
management methods that have proven positive in the project. In this
way, frequently repeated mistakes and problems can be avoided in fu-
ture projects.

e Development of the team members. Individual experiences that cannot
be captured in written form are shared with the group in open discus-
sion. In addition, the individuals learn from the experiences of the
group. Fig 2.4 demonstrates this.
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Fig. 2.3. Ishikawa diagram for altered customer demands (Ishikawa 1984)
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e Planning of improvement measures. The key risks that threaten the suc-
cess of the project are uncovered and documented within the scope of
the project review. Approaches for improvement and ideas for risk han-
dling frequently result from the comparison of several project retro-
spectives. Constructive suggestions for future projects are frequently
generated in the course of the post-mortem analysis by the better under-
standing of the team members.

Disadvantages of the post-mortem technique:

e Incomplete project review. The quality of the post-mortem report is de-
pendent on the compilation of the statements of the individual team
members. The goal is the most accurate illustration of reality possible.
The individual team members do not often have a complete overview of
the total project. The only project factors then considered to be impor-
tant are those that they confront themselves. Or these factors are repre-
sented as being more important in order to emphasize their own role in
the project.

e Conflicts of interest. This leads to concealment of information. Personal
mistakes in the project could be concealed out of anxiety about negative
consequences. Conflicts of interest between the project participants are
pictured in the postmortem process. On the other hand, mutual interests
can balance each other again through the composition of the post-
mortem team.

e Grievances in the project are frequently revealed in retrospectives that
lead to individual complaints. The criticism of the recipient contained
in the complaint, however, can lead to the fact that the person criticized
is irritated in such a way, that he no longer participates content-wise in
the workshop.

2.8.4. Use of the Post-Mortem Analysis in the Risk
Management of Construction Projects

The process in which a structure is drafted, built and used is best described in
chronological sequence on the basis of the life cycle of a structure. Buildings of
the commercial construction sector, which serve as places of production, com-
merce or storage, but also as office and administration buildings are at the cen-
ter of the following observations. The construction process is separated roughly
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into three phases — project development, planning and realization phase, as well
as the usage phase. At the center of these considerations is realization with the
bid and the awarding of the construction work contract, which summarize with
the term of construction management. In contrast, many procedures take place
at the same time in the planning and realization phase. All necessary plans are
prepared by the each of the specialists.

The executive companies create the structure in accordance with these
plans. The selection of those participating in the planning frequently takes
place within competitions. Different criteria lead to the decision for or against
the participants.

Since many procedures occur simultaneously in this phase and different
participants work with and side by-side with one another, there is a high coor-
dination cost. In addition to the builder, additional hierarchically organized
groups participate in the construction project; architects, building engineers,
statisticians, and depending on the particular project, additional specialists must
be coordinated in the planning. Different companies from miscellaneous trade
groups collaborate again in the execution with the sub-con-tractors selected by
you. Different standards of knowledge and goals lead to misunderstandings and
conflicts. An error, which emerges in one of the partial stages of the procedure,
can lead to delay, and in the worst case, to a standstill of the entire project.
Risks in the building industry can be divided into the following types:

e Environmental risks;

e Technical risks;

e Scheduling risks;

e Legal and contractual risks;

e Financial risks;

e Management risks.

There are internal as well as external risks in the process. Internal risks
come from the whole structure, from partial buildings and/or the construction
process and the participants. External risks are factors that can not be influ-
enced by the project participants or only with great difficulty, since they impact
on the structure and/or the construction process from the outside.

At the present time, the possibilities of obtaining information from com-
pleted projects are overwhelmingly used with regard to project costs. It is very
common in the building industry that cost data banks are established from the
project assessment. Since a structuring plan is available with DIN 276, storage
of the data ascertained is possible and reproducible, which allows utilization in
later projects. Comprehensive key data systems that include more than cost
data are very rare in practice. Ascertained project key data can be used not only
for the analysis of completed projects, but can also be included in the planning
process.
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The previously used methods of project assessments in construction pro-
jects do not satisfy the demands of integrated risk management. The use of the
post-mortem analysis can be an essential tool of risk analysis and in planning
new projects. The objective is to improve subsequent projects with the experi-
ence gained. Based on the procedure as described, the post-mortem analysis
approach is represented in the engineering firm with focus on the performance
of the construction management.

1. Success Factors of the Company

The construction manager acts as the responsible person for the quality, costs,
and deadline criteria. The qualified employee is at the center of the perform-
ance. Project management methods are used for service provision that must be
adapted to the respective project data. Communication with the contractor or-
ganization is essential. Since large and complex construction projects extend
over a longer time frame, change requests and suggestions for improvement
frequently arise.

2. Establishing Basic Conditions

A time frame must be defined for the project review and the execution of the
project workshop according to the size of the project. The selection of partici-
pants plays an important role in the success; it should include the following
groups:

e Project management;
Representatives of the planners;
Representatives of the specialized planners;
Representatives of the builder;
Representatives of the users.

3. Ascertaining Objective and Subjective Data

Objective project data comes from the project cost planning and scheduling.
Within the scope of the post-mortem workshop, the above are ascertained with
the help of the techniques described above. Possible topic focal points could be:
completeness of the planning criteria, planner selection, design, structure func-
tionality, form of contract, contract award process, technique planning, collabora-
tion with the builder, collaboration with the user, collaboration with the executive
firms.

4. Collection of Experience

The following illustration represents a section from the results of a workshop
for project review (see Fig 2.5). It involved a large project for the producing
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trades with very short construction time and high user demand. Members of all
participating groups, representatives of the builders and of the users, represen-
tatives of the planners, of the project managers and of the construction man-
agement were interviewed. The starting points for the subsequent creation of a
catalog of measures are detailed strengths/weaknesses profiles. They document
the specific advantages of the processes, as well as the detectable deficiencies,
inconsistent leading to the endangering of the project goals.

In the existing case, problems arose primarily from the early acquisition of
the object by the user, which was not known to the planners and the construc-
tion management in this area. In subsequent projects, special attention should
also be paid to the schedule planning of the initiation phase as well as the
communication with the user to lower the risk to customer satisfaction. The
procedure within the scope of cost planning and the transparent data manage-
ment were seen as positive in the existing project. Therefore, the cost planning
tools employed can also be used in subsequent projects in a similar way.

Subject focal points t focal points with

with model functions l l l improvement potential
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Collaboration with builder organization 11 3 » | planning
Collaboration of planners 13 3

Fig. 2.5. Section from a strengths/weaknesses profile of a large project

5. Creating a Catalog of Measures

All measures suggested within the scope of the strengths/weaknesses profile
are brought together into a catalog of measures. The subject areas can be or-
dered in a portfolio of needed actions according to their optimization require-
ments. Process topics that urgently require further development can be repre-
sented in review form to improve the risk structure of the organization.

As the next step, work packages are bundled for the implementation of the
measures in accordance with the measures portfolio. These contain project ele-
ments and essential content of the procedure, e.g. personnel, length, steps to be
carried out, etc. Tools for risk handling for the future are developed from the
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aggregation of the results. These can be check lists, operation guidelines for the
project managers, risk costs-databanks, etc. The identification of early warning
indicators for risks plays an important role in later projects. Early warning indi-
cators can support risk controlling in the timely identification of relevant
changes and emerging goal lapses. So, e.g. a planning delay as a result of de-
layed plan deliveries can be an indication of impending project changes and
thus of a change of the scheduling and financial risk situation.

The post-mortem analysis can be used successfully as an instrument for
risk identification and evaluation. A PMA is the identification of process errors
and failures. The findings are entered in a risk catalog for future projects. In
addition, the post-mortem analysis serves to support learning within the organi-
zation. In every project, the team members gain new knowledge and experi-
ences that can be used in future projects. Explicit knowledge of the organiza-
tion comes from implicit knowledge of the project manager. However, a
condition for a successful post-mortem workshop is a corresponding project
culture that enables criticism to be expressed positively and also to be accepted
positively.

The advancement of the process steps and the deduction of recommenda-
tions for upcoming projects follow the compilation and analysis of the prob-
lems originated in the project. This increases the quality of the construction
management performance in the long-term, and the costs of handling the risk
also drop. An efficient risk management system offers the company the oppor-
tunity to improve its market position.

2.9. Risks Management in Construction Project
Management

2.9.1. Introduction to Risk Management

The economic situation and the expansion of the EU give rise to considerations
of how to be able to offer the principal more efficient and more economic of-
fers. This requires a consistent structuring of the enterprise and continuous risk
management when carrying out construction projects. Construction projects are
exposed to risks at the time of their coming into existence. In various stages, it
must first of all be considered what risks the principal would like to counter
with measures and how costly these measures are. For this, risks, possible risk
costs, measures and costs of the measures must be identified and suitable
measures must be found in order to avoid errors in the future. The willingness
of the real estate developers to take a risk that causes costs is common to all
construction projects. The costs for risks are mostly not allowed for beforehand



2. MODEL FOR INTEGRATED PROJECT MANAGEMENT 77

and thus reduce its profit margin. Therefore the topic of risk management is
worthwhile considering. Hence the attempt to minimize costs due to a failure to
take precautions or avoid these completely. Construction projects vary with the
course of development, planning, realization and operating. Despite their
uniqueness, recurrent processes of these phases can serve as a cornerstone for
the recognition of risks in order to consider project-specific and known risks
more closely. In this, particular importance is attached to the implementation
and realization phase. While in the past claims for damages were regularly pre-
sented subject to the precondition that an actual or rather obvious damage or
loss at the structure had occurred, in the meantime the claim is increasingly
asserted in the case of defects that have not (or not yet) led to damage or loss at
structures. The claims for damages, resulting costs and other pecuniary preju-
dices incurred by the contractor are increasing, e.g. ineffective regulations re-
garding contractual penalties, errors in the collaboration in the award of the
contract, errors in the checking of invoices. Risk management in the architects
and engineers office should thus establish itself an essential part of project
management.

2.9.2. Definition of Risk

In theory, risk is usually defined as a positive or negative deviation of a vari-
able from its expected value. In general parlance, risk is understood only as a
loss. The definition of risk in the meantime not least takes into account the
chances. In order to turn risks into chances, the business owner must first know
his/her risk sufficiently well. Risk management constitutes a strategy to avoid
losses and use available chances or rather chances potentially arising from
risks. The strategy demands from the person taking action a precise considera-
tion and assessment of the situation and the scenarios probably occurring in the
future. On this basis, decisions are made in the hope of having eliminated all
risks and used all chances. This means recognizing potential risks and circum-
venting a threat by averting, evading or reducing their negative effects.

2.9.3. Risk Management

Risk management in construction projects is of great importance (as shown in
Fig 2.6.). Although at the start of a project, through the introduction of risk
management, an increased expense is incurred, this is compensated for, in par-
ticular through the advantages of risk management. In the planning phase pos-
sible risks for the subsequent project success can be identified and reduced
through their incorporation into the planning. This has in particular effects on
the observance of set dates and deadlines and thus also on the maintenance of
the project costs. For the principal, observance of its due date for putting into
service an operating unit is of great importance.
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The risk potential analysis of a project states to what extent project risks
influence the risk situation of the enterprise. Risk potential should be estimated
without a detailed consideration of the individual risks at as little expense as
possible. Depending on the assessment of the risk potential, the risk manage-
ment process is set in motion. Risk management comprises the integration of
basic principles of risk policy, the establishment of a risk consciousness as well
as the organizational integration. It is an impetus for the risk management proc-
ess and is responsible for the control of risks in full knowledge of the current
risk situation (Diederichs 2004). Through risk management, transparency in-
creases, many problems can be avoided from the outset through proactive ac-
tion, the project can be prepared for unavoidable problems. Through this, the
consequences can be mitigated, and the project manager retains the control
over his/her project.

The risk management process comprises several steps, which will be ex-
plained hereinafter and are represented in Fig 2.7.
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Fig. 2.6. Potential through the use of risk management in
construction projects

=> =) =)
ﬁ@@@ﬂ

Fig. 2.7. Elements of risk management
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Step 1. Identifying Risks

Risks that are not recognized also cannot be assessed and dealt with. However,
a complete coverage of the risks is impossible. The task of risk management is
therefore to cover the essential risks as completely as possible. Risk identifica-
tion must therefore be carried in a way that is both forward-looking and in line
with the progress of the project, since before the start of the project not all risks
are completely recognizable and during the project implementation further
risks may emerge. Fig 2.8 provides an overview of various methods for identi-
fying risks. In principle, creative and guided methods are distinguished. The
first type offers the possibility to discover new kinds of risk. Guided methods
use such as checklists for identifying risks, with the aid of which the conceiv-
able types of risk are checked. In projects, in particular the following risks oc-
cur, which are broken down according to risk types.

Quality risks:

e Defect in interim results;

e Lacking application of project methods;

e Too few controls / tests.

Personnel risks:

e Lack of skills;

e Disagreements in the team.

Cost risks:

e Planning changes;

e Complicated project conditions;

e Customer fails to pay.

Set date/deadline risks:

¢ No handover in good time;

e The project end is delayed.

Risks of strategic decisions:

e Failure to recognize chances;

e Lack of ability to consistently use chances

External risks:

e Natural occurrences;

e Political changes;

e Changes in society;

e A shift in the market / new markets;

o Legal developments;

e Shifts in sectoral trends;

¢ Technological changes
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Methods for Identifying Risks

Before the Occurrence After the Occurrence
Creative Research Guided Method Damage Indicators
Brainstorming Checklists Work calculation Symptomatic

indicators
Brain writing Surveys Notification of
service Indicators
Synectics Inspections explaining the
Target actual cause
Document examination
analysis
Damage report
Scenario
technique Balance sheet

Fig. 2.8. Methods of risk identification (Gocke 2002)

Step 2. Analyzing Risks

The objective is to describe the risk situation as completely and precisely as
possible and to prioritize the risks. For this, the identified risks are investigated
with regard to the probability of their occurrence and the effect on the project.
In the first place, a portfolio and a risk costs assessment respectively serves for
classification purposes. Criteria must be found, on the basis of which individual
risks can be assessed and compared with one another. A risk must always be
described as a damage or loss entailing event to which a particular value can be
allocated. From this, damage or loss assessed in terms of costs and the prob-
ability of occurrence, a value for the risk can be calculated (Fig. 2.9). Methods
of risk assessment are e.g.: an error, possibility and influence analysis. This is a
largely formalized analytical method for the systematic coverage of all possible
errors and for the estimation of the risks associated with these. In this, within a
team, possible potential errors are determined with the aid of a standard error,
possibility and influence analysis form, the consequences are investigated and
the causes are established and assessed.

Next, the causes of errors are systematically assessed in terms of the prob-
ability of their occurrence, the significance for the customer and the probability
of their being discovered. Finally, suitable measures are commenced.



2. MODEL FOR INTEGRATED PROJECT MANAGEMENT 81

The risk portfolio in the risk portfolio risks are ordered according to the
amount of damage or loss and the probability of their occurrence. Accordingly,
the effects on the project and the need to take action are evaluated. Risk team
analysis. The risk evaluation is carried out by the project manager in the con-
text of project controlling. For the risk team analysis, risks are determined and
analyzed according to types, and indicators for the occurrence of risk are
worked out. From this, possible measures are elaborated and represented and
persons responsible for the risk monitoring and notification are determined.

The risk assessment comprises the qualitative assessment and quantitative
measurement of individual risks including the interrelationship of their effects.
With the help of the results of risk assessment, for example, a risk portfolio of a
project can be illustrated and compared with others.

Contingent Damage Expectation Value

high A-risks (large risks)

B-risks (medium-sized risks)

C-risks (insignificant risks)

low

- »  Probability of occurrence
low high

Fig. 2.9. Methods of risk identification (Gocke 2002)

Step 3. Assessing Risks

While for the banking or insurance industry mathematically and statistically
exact methods for risk assessment are useful, these cannot satisfy the typical
risks in the construction industry. The following methods of risk assessment
and risk comparison can also be used in construction projects. Key perform-
ance indicators cover quantitatively measurable circumstances and thus create a
basis for comparison. They are preferably consulted for risk assessment if a
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large number of data and figures must be compared. For the key performance
indicators, threshold values from which a risk warning exists are determined.
The typical key performance indicators in the real estate sector are average
operating costs, average rent, and vacancy rate or average interest on outside
capital. Qualitative assessment if no objective data is available, risks must still
be quantifiable and made estimable. One of the methods is qualitative estima-
tion and weighting. In this, risks are assessed subjectively according to prob-
ability of their occurrence and the amount of damage or loss.

Probable maximum loss. The procedure of quantitative risk determination
primarily aims at estimating the probabilities of dangerous occurrences within a
risk scenario. In the evaluation of the risk of major damage or loss, for exam-
ple, the maximum damage or loss possible or probable is determined. ABC
analysis The ABC analysis is based on the recognition that frequently a rela-
tively small number of factors make up the largest share of a whole. The goal
of the analysis is therefore to find out what factors make up the largest part of
the project value and in which a greater planning and control expenditure is
justified.

Risk map. The risk map illustrates the risk profile of an enterprise. It is re-
ferred to as risk landscape, risk map or risk matrix (Diederichs 2001). In a risk
map it can be read with what priority the risks should be approached. In this,
the risks that cannot be borne, which could endanger the continued existence of
the enterprise, are prioritized. The risk classification in a risk matrix thus en-
ables a differentiated consideration of two classification criteria: probability of
occurrence and expected value.

Step 4. Controlling Risks

Controlling risk is the active influencing of the risks determined in the context
of the risk analysis. Measures of dealing with risk can be differentiated be-
tween cause-related and effect-related measures. Cause-related measures are
supposed to avoid or reduce risks, while effect-related measures serve to reduce
or safeguard against the amount of damage or loss to be expected in the event
of a damage or loss entailing event (Gocke 2002). Strategies of controlling risk
are accordingly the following:

e Avoidance;

e Reduction;

e Passing on the risk;

¢ Bearing the risk by oneself.
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Step 5. Monitoring Risks

The monitoring of risks is the continuous operative control of the effectiveness
of the risk control measures. The goal of risk management is not to eliminate
risks completely from the project. The monitoring of the risk helps guarantee
that the risk strived for. This task is supported instrumentally through analyses
of variances. The internal control system is part of the monitoring of the risk.
The continuous monitoring of the early indicators and the repeated risk verifi-
cation are carried out by the persons responsible no later than the respective
milestone deadlines. A precondition for this is that a reporting and meeting
structure in the organization and for the project is stipulated. Besides the pur-
suit of the risk status and the progress of the measures, new additional risks
must be included. Risks that have occurred must be documented with the rele-
vant amount of damage or loss; critical situations of the managerial staff must
be reported.

Step 6. Controlling Goals

After the recognition, analysis and assessment of risks, measures for controlling
goals must be taken. The control process may be broken down into sub-
processes: determination of the target value, determination of the actual value,
target/actual comparison and an analysis of variances. As a permanent process, in
the context of the monitoring, the risk identification, analysis, and controlling are
checked to find out whether the risk control is implemented in due form. In the
event of variances between the actual risk situation and the risk situation strived
for, steps must be commenced to specify the causes. Based on these recognitions,
the risk strategy must then be adapted or revised. Consequently, by monitoring
the risk it is guaranteed that standards set of risk management are taken into ac-
count.

2.9.4. Risk Management in the Progress of the Project

Responsibility for carrying out the chance and risk management is borne by the
project manager. The duty of the project management in the event of risk iden-
tification is to discover any emerging risks of a construction project and include
these in a risk catalogue. For this, in practice, risk checklists that have been
drawn up based on empirical values from comparable construction projects
serve as ordinary auxiliary means. From the area of project controlling, in par-
ticular the following should be mentioned:

e Plan of services;

e Pursuance of set dates/deadlines and progress;

e Pursuance of costs;

e Quality assurance;
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e Analysis of contracts.

In order to encourage willingness to adopt risk management in the construc-
tion industry, standard risk checklists should be drawn up, with the help of
which the project manager is only required to .tick off. The standard risks occur-
ring. A quick instruction for project managers and teams that is easy to imple-
ment should result, which makes it possible to deal more easily with project
risks.

The necessity to install a risk management system as early as possible re-
sults from the fact that risk potentials exist, at least in a rudimentary form, al-
ready before or at the start of the project and are recognizable, however their
effects and damage only come to light in the subsequent progress of the project.
For this reason, the risk management process should be established and inte-
grated into the entire project process as a permanent (sub-) task of the project
management. In this, the identification, analysis and assessment of risks must in
each case be geared to the entire project and to special aspects of the individual
project phases. In general, the progress of a project can be divided up into three
phases:

e Start-up phase;

e Manage phase;

¢ Close phase.

In this, typical risks occur in the corresponding phases. They must be inte-
grated into the risk management process in order to prevent the progress of the
project from being disturbed. For dealing with chances and risks in projects, the
following principles apply:

e Responsibility for carrying out the chance and risk management is borne

by the project manager;

e Only taking risks that one can influence oneself;

e Avoiding or safeguarding against risks that are influenced by others
(customers, subcontractors);

e As far as possible, passing on risks taken;

e The consideration of chances und risks is a part of the project reporting
below, with the aid of specific questions characteristic of the individual
phases, it is shown where the tasks of risk management integrated into the
progress of the project lie. Some questions are stated as examples, in
which the type and scope of the questions can be expanded and supple-
mented at will.

Tasks of Risk Management

Start-up phase (project preparation; planning). The start-up phase corresponds
to project steps 1 and 2 from the scope of services of the project control. In the
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start-up phase the focus of risk management above all is on the check of the
contractual and general circumstances of the project environment. The task of
risk management is to recognize possible risks that can disturb the actual pro-
gress of the project. Here, risk management should investigate the following
typical questions for identifying potential risks:
e Are the project goals clearly defined?
¢ Does clarity about the project structure exist?
e Have the future planners, advisers and consultants been selected and
commissioned?
e Are there specific contractual features?
e Do gaps in services exist in the contracts?
e Is a concept of use available?
e Have the set dates/deadlines for the application for subsidies been com-
plied with?
For the manage phase, the following risk questions are characteristic:
e Are all resources available as planned?
e Does the principal comply with its duties to collaborate?
o Will the principal accept the entire project without serious defects?

Close Phase (Project Completion)

The project end is reached upon the performance of the service and the handover
(acceptance) of the structure to the principal (e.g. real estate developer). It be-
comes particularly critical if the principal refuses to accept the completed solu-
tion because the project result is not in accordance with its objectives. Risk man-
agement can help avoid such failures by pursuing the questions in the close
phase:

e Were the contractual contents and undertakings fulfilled?

e Is a complete project documentation (records of meetings, corresponden-

ce, released project documentation etc.)?

o [s the contractually owed service capable of being accepted?

For the further development of the risk management system, it is important
that stock is taken of the reflection on the progress of the project. In this, rele-
vant questions are as follows: What identified risks have occurred? What prob-
lems that have actually occurred in the progress of the project were not identi-
fied as risks and why not?

Risks in the Personnel Sector

Structural upheavals in the world of technology as well as dynamic changes in
the sales markets can only be mastered successfully if the employees of an en-
terprise identify with this and are committed to this. Particularly for enterprises
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that offer highly qualified services, specialized employees acting on their own
responsibility are essential for market success. For this reason, personnel risk
management is necessary in order to not have to accept losses in tacti-
cal/operative competence and innovative potential through the departure of
employees. Impressionable risk fields can above all be divided up into four
areas: Bottleneck risk field, departure risk field, adaptation risk field and moti-
vation risk field (Gocke 2002); these will be explained briefly in the following
section.

Bottleneck risk field. This is a matter of identifying in good time in what
areas top performers will be absent in the future. In this, the following ques-
tions stand in the foreground:

e What are the key qualifications for the future?

e Are strategically important staff positions safeguarded?

e How will the quantitative need for employees change in the future?

e How do the qualitative requirements made of the employees change due

to new scopes of service or technologies?

Departure risk field Departures of top performers generally constitute a
high risk potential, in particular in long-term projects in which the project man-
ager is the confidante of the real estate developer. Central reasons why em-
ployees leave an enterprise are: new challenges, more responsibility for deci-
sions, better professional prospects with regard to career development, and
good future perspectives of the new enterprise. The following factors reduce
the risk of departure and should therefore be taken into account by the business
management: good business climate, favorable outline conditions for employee
development, extensive non-material incentives on the part of the enterprise,
remuneration structures adequate for the performance, suitable organizational
structures and marked allocation of power potentials.

Adaptation risk field falsely qualified employees constitute adaptation
risks. Should leaves of absence be avoided, as a precaution requalification or
new qualifications are necessary. In construction projects here ongoing further
training courses of the employees are necessary with regard to technological
and legal changes. In construction project management changed scopes of ser-
vice must be taken into account through a greater consolidation of services in
the implementation of construction work.

Motivation risk field. Diffident services in many cases constitute a signifi-
cant risk. Burnt-out employees or employees who have resigned in all but name
are topical examples. The following behavior all risks are indicative of resigna-
tion in all but name:

e An absence of own initiative;

e Over adapted behavior;

¢ Avoidance of conflicts;
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e An absence of constrictive criticism;

e Undertaking less demanding work;

e No longer exhaust existing competences.

Possible instruments for reducing risks in the personnel sector are: Promot-
ing personnel development in a purposeful manner, coaching of managerial
staff and employees, forcing identification with the enterprise through a corre-
sponding corporate culture and creating motivation by granting more freedoms
and self development.

Effective risk management must permeate all areas, functions and proc-
esses of the project. The goal therefore must be to negotiate risks, assess these
or even make these marketable and reduce them emphatically. In this, a deci-
sive factor in its success is in the end the interaction of all elements repre-
sented.

A risk and control culture borne and experienced by all parties involved in
the project has the effect of a connecting bracket that can safeguard the effec-
tiveness of the structural and organizational measures of risk management.

The key to this is the parties involved in risk management. Effective risk
management requires commitment as well as the risk conscious behavior of
each individual. The motivation as well as the interplay of the parties involved
in the project in the end determines the quality of the work and thus the success
of the project. Risk management successfully installed in the project offers the
chance to gain a clear understanding of the goals, duties and contents of the
service and the feasibility of the project. It provides an information basis for the
quantitative data, sorted according to size, for the purpose of supporting deci-
sions, such as e.g. the choice between costs and implementing goods or the
comparison between several possible options. For this, however, it is necessary
that a high quality of the status of information is always available in order to
make determinations on the basis of useable and comprehensive information.

Risk management can therefore only be implemented and enforced effec-
tively if communication channels in the enterprise are created, which guarantee
the direction of the information to the places concerned in each case.

Through the risk management used, the overall risk of the project is broken
down into individual risks. For these, corresponding measures can be taken.
Nonetheless, in each project residual risks remain. It remains a strategic deci-
sion whether these risks are taken and can be borne if they occur.
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2.10. Strategies for Avoiding Asymmetric
Information in Construction Project Management

2.10.1. Introduction to Strategies of Information

New forms of competition and contracts have been established on the German
construction market; the classical scope of work as described in the HOAI and
the clearly regulated payments related to it are becoming less and less impor-
tant. Construction services are already heading towards a strong orientation to
the needs of the clients. These normally don’t want to be confronted with a
multitude of highly technically specialized engineers but rather look for a
qualified advisor for the whole life cycle of their buildings. Services have been
offered to that effect like risk management, facility management, and construc-
tion management. Clients delegate more and more control and supervisory
functions. This development is intensified by the necessity to plan and build in
a consumer-oriented, cost-efficient, and quality-conscious way. The great
number of persons involved in the construction has to be organized and led by
the project management in such a way that the building can be realized accord-
ing to the targets of the client. When it comes to designing the contract rela-
tions, the choice of contractual partners, and the construction controlling it is
important to consider that besides the target of constructing a building accord-
ing to the benefit of the client, the respective actors also want to reach individ-
ual benefits. If the participants give their own targets priority over the targets of
the client, disturbances in the transformation process may be caused which may
result in a reduction of the benefit for the client. This problem is addressed and
examined by the Agency Theory which deals with target conflicts and informa-
tion imbalances. It will be described in short hereafter.

2.10.2. Basic Principles
The Principal Agent Theory within the “Newer Institutions
Economics”

In the middle of the last century the discontentment with the neo-classical mod-
els of economic science resulted in several new approaches that are summa-
rized under the term “new institutional economics”. The consideration of insti-
tutional circumstances and their explanation within the economic analysis and
the design of institutions that build up on this are in the centre of this field of
re-search. This newer institutions economics encompasses especially the Prop-
erty Rights Approach, the Transaction Costs Theory, and the Agency Theory
(Schieg, 2008). In the centre of the present research there are findings on the
basis of the Agency Theory, in the course of which principal-agent-relations of
all sorts are dealt with. You talk of an Agency Relation when a principal as-
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signs to an agent certain tasks and the respective decision competence. The
agent chooses one action option from a multitude of options which results in
possible effects on him as well as on the principal. The principal is not able to
watch the actions of the agent, only the result. But this result depends not only
on the actions of the agent but also on external environmental factors. There-
fore the principal can not de-duce from the result to the action of the agent.
When analyzing the behavior of the agent, it is to be assumed that he will act in
a self-serving way. The consequences of this self-serving behavior depend on
which restrictions his behavior is subject to. The efficient design of these re-
strictions, e.g. by legal and contractual regulations, is in the centre of economic
organization problems. The core problem of the Agency Relation is the asym-
metric information distribution, i.e. the informational advantage of the agent.

Asymmetric Information

The situation in which one of the two co-operation partners is better informed
than the other one is described as asymmetric information. Problems resulting
from this are economic disadvantages for one of the parties, the inefficient use
of resources, and the resulting losses of welfare. The asymmetric information
distribution results from hidden action and hidden information. One can act on
the assumption that the agent tries to maximize his own benefit even when his
individual benefit faces a higher damage on the side of the client (Wenger and
Terberger 1988). The information imbalance in co-operations may have effects
before as well as after closing a cooperation contract. The term “asymmetric
information” describes three information problems which are based on certain
coordination and motivation problem: Adverse Selection, Moral Hazard, and
Hold-up (Linde 2005). Adverse Selection describes the quality uncertainty of
the client with respect to his contractor. The client does not know the qualities
or the exact qualification of the contractor before the contract is closed. The
contractor might conceal lacking or negative qualities or a very qualified con-
tractor might not tell about his positive qualities. The result would be the
choice of undesired contractual partners. Contrary to the Adverse Selection, in
the case of Moral Hazard there are information asymmetries that develop after
client and contractor are closing the contract. If the client cannot completely
supervise the contractor, or if he is not able to deduce stringently the quality of
his service from the work result, an information imbalance in favor of the con-
tractor will result. The danger that the agent will exploit this opportunistically
is called Moral Hazard. If the client makes large investments because of the co-
operation relation and if these investments get lost in case that the contractor
acts uncooperatively, a one sided relationship of dependence results from this.
The resulting Agency Problem is called Hold-up. The client may afterwards get
the information that was held back before but the client then did already make
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an irreversible investment. This enables the contractor to confront him e.g. with
excessive demands.

Agency Costs

In a world of cost-free information all actors would be completely informed
and there would be no coordination or motivation problems. Orders could be
commissioned and decisions could be delegated in a way that always the most
productive structures of the division of labor and specialization could be real-
ized. In reality, distributed in an incomplete and in most cases unequal way. In
Principal Agent Relations lee ways develop which may be exploited to the det-
riment of the principal. To counteract this, the client will try to reduce the
agent’s ability to act by means of control mechanisms or by an according de-
sign of the contract. This again might foil the advantages in the execution of
the order that had been anticipated due to the delegation of decision. This may
possibly even cause the effect that the client completely avoids the delegation
of decisions fearing adverse behavior of the contractor. The advantage of divi-
sion of labor and specialization then might not be used due to control problems.

The Agency Costs are made up of three components:

e The signaling costs of the agent;

e The control costs of the principal;

e The remaining loss of welfare.

Signaling costs are all those efforts which the agent himself undertakes to
reduce the information asymmetry between him and the principal. Among these
are e.g. certificates that proof his qualification, guarantee offers, or securities.
Control costs are all efforts of the principal to reduce his information disadvan-
tage. These are quality controls, testing of work probes, or testing of references.
If asymmetric information exists, then normally the most efficient distribution of
labor possible will not occur. The difference between the productivity in case of
optimal information and the actual performance of the agent is called loss of wel-
fare.

Coping with Agency Risks

To cope with Agency Risks, basically three instruments are suggested: estab-
lishing target congruity, reducing information asymmetries, and allocation of
risks. The harmonization of interests may e.g. be created by a new profit shar-
ing of the agent so the agent will in his own interest yield the performance de-
sired by the principle.

The problems of the Principal Agency Relation may be solved by the fol-
lowing mechanisms:

e Bureaucratic control;
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¢ Information systems;

e Incentives, bonuses;

e Corporate culture;

e Reputation;

e Trust.

Corporate culture plays a special role here. Shared values targets, and com-
petences minimize coordination costs. This facilitates mutual coordination and
learning. As mostly new project participants work together in projects, a con-
scious way of dealing with information asymmetries is of special importance.
For the aim of reducing information asymmetries, besides the signaling of the
contractor also a monitoring by the client may occur. Formal planning and con-
trol systems as well as an integrated reporting can help diminishing information
deficits on the side of the client in projects.

Another possibility for the client of gaining information is screening.
Screening is the term for all activities by which the principal tries to get more
exact information on the quality attributes of the agent that are relevant to him.
Among these are work probes, references, certificates, and credit worthiness.
Another possibility to avoid Adverse Selection is to construct the contracts in
such a way that only desired contractors would sign them because only they
would have the self-interest to offer the service under these circumstances. Ex-
amples for this are guarantees or a possible loss of reputation for the agent.

2.10.3. Importance of Asymmetrical Information in
Construction Project Management
Organization of the Construction Project

A construction project is an investment project with fixed targets, results, as
well as deadlines and costs. The project management has the task to find an
optimal solution for meeting costs, deadlines, and quality. Besides the principal
other hierarchically organized groups are involved. During planning, architects,
technical suppliers, bearing structure planner, and, depending on the respective
project, further specialists, must be coordinated. While executing the project,
the different companies from different branches in turn work together with the
subcontractors they have chosen. The different states of knowledge and targets
lead to misunderstandings and conflicts. A mistake that occurs in one of the
sub-steps may lead to a delay and in the worst case to a standstill of the whole
project. To cope with the complex tasks of the principal that encompass the
coordination, management, and supervision of the construction process in
terms of technology, legal issues, and economy, in major projects the perform-
ance of project management is commissioned. The project manager here takes
over decisions for the client as a line executive. A major task is the choice of
the project participants. Among these are the planners, the advisors, and the
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assessors. The project manager hereby has to pursue the project targets of the
principals’ organization:

e The quality of the building;

e The costs of its construction and use;

e The duration of the different steps of the building development;

e The usage potential;

e The risk level which the principal is ready to accept while realizing his

other targets.

According to the weighting the principal gives to the respective targets de-
pending on his project, the project management will set up criteria for the
choice of the service providers: expertise, willingness to perform, reliability,
degree of popularity, image, price, quality, adherence to delivery dates, com-
pany is known positively by past orders. Comparable reference objects are of
special importance; hereby the quality of the performance is checked by the by
means of inquiries at the principals’ organization or the project management.
The performance of the planners is determined by experience and trust. The
quality of their work shows itself only after signing the contract, e.g. by the
work equipment used. It is a matter of trust as even after the building is fin-
ished the customer cannot really assess to which degree this actually can be
attributed to the performance of the individual planner. Prior to the signing of
the contract the principal therefore has a problem of choice. He does not have
any information about the skills, knowledge, and capabilities of the planners. A
wrong choice, e.g. of the architect, may have severe consequences. In cases of
concealed quality the Adverse Selection Problem will lead to the principal hav-
ing to reckon increasingly with architects that are not suited for him and his
tasks (Steiner 2004). In a construction project there are networks of Principal
Agent Relations that are interwoven. The individual project member is an agent
in relation to his client and the principal. But he may also have the role of a
principal in relation, e.g. to the executing subcontractor.

Effects of Asymmetric Information on the Project

Adverse Selection. Prior to closing the contract the project manager as a repre-
sentative of the principal is confronted with the problem of Adverse Selection.
He cannot be sure whether the chosen planner meets the qualities stated above
to a sufficient degree. An approach to the solution of this problem is overcom-
ing the information asymmetry by Signaling. The market party which is better
informed, e.g. the contractor, signals its type to the client who is the worse in-
formed market party, by means of certain signals. In case of Signaling the ini-
tiative goes out from the better informed market participants who send out their
signals first and who only then get contracts offered by the worse informed
market party. Thus, the planner can present his qualities and proof them by
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means of certificates or references. The advantages of Signaling must be higher
for desired agents than costs of Signaling. At the same time the advantages of
Signaling must be lower for undesired agents than their costs of Signaling. If
the client undertakes efforts to get to know more about the qualities of the con-
tractor by his own initiative, this is called Screening. In public construction
projects therefore VOF-processes are carried out for the choice of construction
services. Private principles, too, carry out pre-qualifications. Another possibil-
ity to reduce information imbalances is competitions. Above certain defined
thresholds the public commissioning of planning services is often carried out
by means of VOF-processes in which the qualification of the applying com-
pany and its employees is explicitly checked in advance. This pre-qualification
of the company helps the bidding authority to judge the suitability for the pro-
ject envisaged. Still further goes the architecture competition. It sends out sig-
nals on three levels, as a qualification control and as a behavior indicator. At
first, the principal gets beside the solutions for the task of the competition as
the proper target also an insight into the professional abilities and skills of the
participating offices, but it also gives information about the creativity and ca-
pability of the architects. As only such offices will participate in the competi-
tion which will have the confidence that they will win, there is a selection right
from the start. The participation in the competition is associated with the risk of
high expenditures for the office; risk adverse offices therefore will avoid par-
ticipation.

Moral Hazard. One major instrument for reducing the risks of Moral Hazard
is the harmonization of interests, e.g. by profit sharing of the contractor. For the
participants in the planning contractual incentives must be given so that the
targets of the principal may be realized. Among these incentives is the exact
prognosis of the costs as well as the meeting of these costs by an according
planning performance. A contract which leads to cost optimization without
reductions of the quality is highly incentive. If the payment is linked to the
overall success, it is no longer attractive for the individual project participants
to pursue only their own interests. In connection with Moral Hazard the fre-
quency of the cooperation of the project participants is of major importance. If
the contractual partners repeatedly cooper-ate with one another this can lead to
a reduction of information asymmetries. The mutual trust resulting from long-
term cooperation will cause a reduction of risk costs. Besides the harmoniza-
tion of interests a reduction of the effects of information asymmetry can also be
achieved by Monitoring. Formal planning and control systems create more
transparency with regard to the actions of the project participants. Here, the
competence of the project management installed plays an important role.
Hold-Up. In principle, Hold-up Problems could be solved if it were possible to
conclude contracts that are clearly verifiable. But in reality often gaps in the
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contract remain which allow the contracting parties to behave in an opportunis-
tic way. Several different forms of cooperation can be differentiated. In this
context Spremann speaks of hard and soft designs. Depending on whether the
cooperation is linked to clearly formulated, precise regulations, e.g. contractual
penalties, profit shares, legal consequences, etc. or whether these conditions are
rather for-mal and subjective such as praise, recognition, reputation, etc. Hold-
up Problems can also be reduced when a one-sided dependence relation turns
into a mutual one. Business relations which are meant to be long-term ones
cause the harmonization of interests because the agent thus is more interested
to act according to the intentions of the client.

Clarifying the Need for Information in the Project. The need for informa-
tion that a project participant needs to fulfill his tasks within a certain period of
time is defined according to type, quality, and quantity. Here, subjective and
objective need for information can be differentiated. The former describes the
amount of information that the project participant needs from his subjective
point of view on the project while the latter describes the amount of informa-
tion that is necessary for fulfilling the task. To align these amounts of informa-
tion and to guarantee the optimal supply of all actually necessary information
for the project participants, it is important to define the factors for success of
the project in a workshop. Thus, those factors and parameters are identified
which are of special importance for the respective participant. Especially in
complex and technically challenging projects this will provide each individual
project participant with more understanding of those processes that are the
most important ones for the success of the project (Picot 1997).

A major factor of success in the project management is to identify during
the course of the project, prior to and after signing the contract, those phases in
which asymmetric information may disturb the success of the project. While
designing the project organization, the interaction of the project participants
must be analyzed with respect to lee ways that may be exploited in an oppor-
tunistic way. Within the scope of the project management a special focus
should be on the design of information duties of the involved partners. When
the project management has developed awareness about possible information
imbalances, this can be addressed better when designing the flow of informa-
tion. By means of a suitable reporting system the transparency within the pro-
ject increases. The use of project communication systems may support the pro-
ject management in the process of managing the information. Advantages of a
project communication system are:

e Responsibilities within the project are transparent for all participants.

e The employee who is responsible in the respective case will be informed

automatically by e-mail over the contributions and tasks assigned to him.
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e All project contributions are accessible 24 hours a day and thus allow an
overview over the current state of the project at any time.
e Information can be recorded, processed and viewed regardless of time.
The more the communication within the project is structured, the easier it
is to prevent information asymmetries.

2.11. Performance of Transformational Learning and
Redesigning the Manager’ Mental and Practical
Behavior

Performance of transformational learning and redesigning the manager’ mental
and practical behavior included six stages (see Fig.2.10). Once construction
managers become aware and conceptualize of their practice-in-use, they can
begin the process of changing their practice-in-use to become aligned with their
knowledge of worldwide best practice.

If construction manager’ activities produce an unsatisfactory result, he
changes activities to amend the result. However, if it is impossible to observe
the typical situations that led to irrational the result occurring, it is likely that
problems will continue to appear. The aim of best practice activities is to redes-
ign construction managers’ core patterns of thought and behavior according to
their knowledge of worldwide best practice. This is achieved if, after perform-
ing the best practice learning process and correcting their mistakes, managers
go one step further and ask what the recurring demands and objectives that
caused their initial mental and practical behavior are. In redesigning the way
managers think that he can become less protective, more open, and gradually
more aware. This is the point where individual mental and practical behavior
change occurs.

There are quite close relationship between best practice activities and con-
struction managers’ learning abilities. Construction managers who shift from
best practice learning to best practice activities are able to take on more respon-
sibility and better respond to project, organizational and external environment
around them. The managers are able to test potential ideas, solutions, and de-
velop possible alternatives to deal with likely results. Construction managers
become more confident in their interpersonal skills and more inspired in prob-
lem-solving.

Also it is possible to apply the best practice actions process to construction
firms. For contractors to perform better, mistakes that occur should not simply
be corrected, as occurs in best practice learning process.
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| Construction managers (firms) becoming aware and conceptualize of their practice-in-use |

Construction managers (firms) becoming aware and conceptualize of their knowledge of
worldwide best practice

Construction managers (firms) estimating the deviation between knowledge of worldwide
best practice and their practice-in-use

+
| Performance of best practice learning |

| Fulfilling of best practice actions |

| Performance of transformational learning and redesigning the behavior) |

Fig. 2.10. Performance of transformational learning and redesigning the
manager’ mental and practical behavior

Rather, the underlying framework in the firm that led to the error occurring
should be analyzed. In this way, contractors can improve their goals, strategies,
plans, technologies, values or beliefs, to improve their overall functionality.

Yeo (2006) examined a Singaporean higher learning institute that was be-
ing gradually transformed into a learning organization through the use of re-
flective-action learning groups. Reflective-action learning groups were in-
tended to provide a specific forum for staff (the members of the firm) to
analyze teaching and learning effectiveness in order to improve their skills in
these areas.

Blackman and Henderson (2001) compare an organization’s knowledge
system with a washing machine. In order for clothes to be really clean (which
represents attaining new knowledge), all previous dirt (which represents ex-
periences) must be removed. This means that, before a cleansing rinse com-
mences, the dirty water has to be totally drained away. If even a small amount
of the previous dirty water remains (representing the ingrained, limiting sys-
tems of learning), it will spread through and taint the entire rinse (making it
impossible for fresh learning to occur) (Blackman and Henderson 2001).

Transformational learning investigates the context and nature of the learn-
ing process itself, and by extension, putting construction manager under the
project and organizational scope. Transformational learning involves consider-
ing why managers think and act in the manner managers do, and exploring un-
derlying hidden patterns of thinking and acting. Just as best practice actions
goes one step further than best practice learning by asking construction manag-
ers to examine the internal processes that led to the erroneous behavior occur-
ring, transformational learning goes one step further again, asking construction
managers to consider why those particular internal processes even exist, and
whether there are other factors operating on a subconscious level to affect con-
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struction managers behavior. In a contractor context, transformational learning
also involves examining core principles on which the contractor is set, and test-
ing its mission, vision, market position, technology and culture.

Utilizing transformational learning techniques increases construction man-
ager’s awareness, helping construction managers gain more control over the
factors that affect their behavior, which ultimately helps construction managers
to achieve required goals. By observing construction managers language, prem-
ises, opinions, responses, and mental models that influence the way managers
interact, managers enhance ability to create genuinely new manners of techno-
logical, social, ethical, etc. behavior, habits of learning, and improve under-
standing of how to interact with project, organizational and external environ-
ment. This helps construction managers and contractors achieve goals more
effectively, as managers become able to identify and remove barriers to goals.
Transformational learning can be defined as creation of a setting where con-
scious collective mindfulness can be maintained. By using transformational
learning techniques, individuals can learn to think and act together ways that
will benefit the firm.

Blackman and Henderson (2001) claimed that once firms are set in a par-
ticular routine, it is very difficult to implement change. The routines tend to
perpetuate themselves, making it difficult for employees to extend beyond the
ideas and processes already in place. Walsh and Ungson (1991) argue that it is
very difficult to erase firms’ memory because it is a result of a repeated action
(whether appropriate/effective or not), and once the result has been associated
with the action, it is defined and fixed as a process within the firm. Blackman
and Henderson (2001) note the self-referential nature of learning processes as a
barrier to learning: the organization will decide what it considers it needs to
know, predetermining the knowledge that employees will then seek, meaning
that all knowledge entering the organization is filtered.

Because the routines, filters and self-referential systems are so deeply im-
planted in the construction firm, best practice actions cannot operate rationally.
Because construction managers have become so deep-rooted within the rou-
tines and self-referential systems of learning embedded in the firm, construc-
tion managers are unable to achieve the higher level of the best practice actions
to meaningfully analyze the project, organizational and external environment
that led to an error occurring.

Turner et al. (2006) conducted research in a British public sector organiza-
tion with 2800 employees, with a sample of 12 trainees. An initial internal atti-
tude survey showed employees were willing to be involved in a change process
in order to enhance their service and working performances. All participants
indicated that they were not able to challenge existing assumptions in their
workplace. If they did attempt to do so, they felt their position in their work-
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place was weakened. Juniors questioning traditional procedures were frightened
and marked by managers as trouble makers. This enabled management to keep
control over the way things was performed and minimize the opportunities for
change.

Possibly the hardest matter for construction managers is to change their
mental and practical behavior. As Blackman and Henderson (2001) state it is
almost impossible to remove our natural defense mechanisms and embrace new
practices and systems of learning, whether individually or in an organizational
context. This does not mean change is impossible. Research has identified ma-
jor factors blocking change, which include managers being afraid of challenges
to their authority (Turner et al. 2006) and employees being afraid of losing
their position as a result of sharing information (Yih-Tong and Scott 2005).

Finally it is can draw a conclusion, that the most important obstacle to
knowledge transfer is construction manager’s behavior and awareness about
future consequences. Managers seek to preserve the comfort zone they have
already created. Transformational learning (acquiring new manners of techno-
logical, social, ethical, etc. behavior, getting better understanding of how to
interact with project, organizational and external environment) and redesigning
the behavior can be understood as change of relative perception about the pro-
ject, organizational and external environment they operate in, which could re-
duce economic and ethical managers being, social status and psychological
comfort zone. To prevent this shake-up from happening, construction managers
try to prevent information and knowledge transferring from managers to the
firm.

A comfort zone denotes that limited set of behaviors (Bardwick 1995) that
a person will engage in without becoming anxious. A comfort zone is a type of
mental conditioning that causes a person to create and operate mental bounda-
ries that are not always real. Such boundaries create an unfounded sense of
insecurity. For example, inertia is when a person who has established a comfort
zone in a particular axis of his/her life, tends to stay within that zone without
stepping outside of it. To step outside a person’s comfort zone, he/she must
experiment with new and different behaviors, and then experience the new and
different responses that then occur within his/her environment. The boundaries
of a comfort zone can result in an internally rigid state of mind. A comfort zone
may alternatively be described by such terms as rigidity, limits or boundaries,
or a habit, or even as stigmatized behavior.

The main aim of this research is to help construction managers create a ra-
tional project, organizational and external environment for the construction
project development by using groupware knowledge. Construction manage-
ment is shared, purposeful activities based upon the development of common
understandings and interpretations of means and ends. Stakeholders generate
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the personal and group decisions which contribute to their own success. This
article describes the development of the Model for integrated project manage-
ment based upon multiple criteria decision making theory. The developed
Model involves steps that help to determine rational integrated construction
management’ life cycle by evaluating construction management’ life cycle,
stakeholders, project, organizational and external environment.

2.12. Concluding Remarks of Chapter 2

1. Therefore, the best integrated project management strategy of another
country cannot just be copied. Strategies may only be adapted into a
real economic, social, cultural, institutional, technological, technical,
cultural, environmental, legal/regulatory and the provisional situation of
the existing state. There is no such thing as a single integrated project
management strategy to suit all projects and that could be applied to all
countries.

2. This model includes:

a. Knowledge management models and theories can be been applied in
the Model for an integrated project management. An original
Model for an integrated project management is developed. The re-
search was performed by studying the expertise of advanced indus-
trial economies and by adapting it to Lithuania by taking into con-
sideration its specific history, development level, needs and
traditions. A simulation was undertaken to provide insight into cre-
ating an effective environment for the Model by choosing rational
project, organizational and external factors. The level of efficiency
of the integrated project management depends on the many projects,
organizational and external variable factors and all these variable
factors can be optimized. The main objective of this Model is to ana-
lyze the best experiences in the field, to compare it and consequently
to present particular recommendations. In this particular case, the
construction management development perspectives of Lithuania
were analyzed.

b. Constituent stages (construction project management process, stake-
holders involved in the construction, etc.) of the Model were ana-
lyzed and described.

3. The Model for an integrated project management was successfully veri-
fied in operational conditions.
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4. Construction project management as well as the parties involved in the
project and the environment having a certain impact on it is described
from various perspectives.

5. The suggested systems and subsystems of criteria relating to construc-
tion project management and based on economic, technical, technologi-
cal, organizational, managerial, qualitative, legislative, social and other
factors are described in a number of author’s publications.



Construction Project Management
Multiple Criteria Decision Support
System

3.1. Complex Systems Theory and Multi-Criteria
Decision Making

Real-world complex systems are almost always made up from a large number
of interacting components. This leads to complex behavior that is difficult to
understand, predict and manage. Research on complex systems is often under-
taken by mathematicians, statisticians, engineers, and information and com-
puter scientists (Australian 2009). Many large construction projects are attrib-
uted to complex systems. Therefore, accumulation of experience and
knowledge, as well as its multiple reuses, in such large construction projects is
of particular significance.

At present, the consensus related to one universal definition of complex
system does not exist yet (Wikipedia 2009c). Network science seeks to dis-
cover common principles, algorithms and tools that govern network behavior
(Wikipedia 2009d). Network theory is an area of computer science and network
science and part of graph theory. It has application in many disciplines includ-
ing economics, operations research, and sociology.

101
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Network theory concerns itself with the study of graphs as a representation
of either symmetric relations or, more generally, of asymmetric relations be-
tween discrete objects (Wikipedia 2009¢). Social network analysis maps rela-
tionships between individuals in social networks. Such individuals are often
persons, but may be groups, organizations, nation states, etc. (Stanley and
Faust 1994).

One of Hayek’s (1978) main contributions to early complexity theory is
his distinction between the human capacity to predict the behavior of simple
systems and its capacity to predict the behavior of complex systems through
modeling. Hayek (1978) explain that complex phenomena, through modeling,
can only allow pattern predictions, compared with the precise predictions that
can be made out of non-complex phenomena.

Complexity theory is rooted in Chaos theory. Chaos is sometimes viewed
as extremely complicated information, rather than as an absence of order
(Hayles 1991). The point is that chaos remains deterministic. With perfect
knowledge of the initial conditions and of the context of an action, the course
of this action can be predicted in chaos theory.

Complex adaptive systems are special cases of complex systems. They are
complex in that they are diverse and made up of multiple interconnected ele-
ments and adaptive in that they have the capacity to change and learn from
experience. Examples of complex adaptive systems include the stock market,
social insect and ant colonies, the biosphere and the ecosystem, the brain and
the immune system, the cell and the developing embryo, manufacturing busi-
nesses and any human social group-based endeavor in a cultural and social
system such as political parties or communities (Wikipedia 2009b).

Complex systems are a scientific field which studies the common proper-
ties of systems that are considered fundamentally complex. It is also called
complex systems theory, complexity science, and study of complex systems,
sciences of complexity, non-equilibrium physics, and historical physics. The
key problems of complex systems are difficulties with their formal modeling
and simulation. From such perspective, in different research contexts complex
systems are defined on the base of their different attributes.

Complex Systems is a new approach to science that studies how relation-
ships between parts give rise to the collective behaviors of a system and how
the system interacts and forms relationships with its environment. In a business
context, complexity management is the methodology to minimize value-
destroying complexity and efficiently control value-adding complexity in a
cross-functional approach (Wikipedia 2009c).

Therefore, a method of determining the utility degree and market value of
projects is appropriate for the analysis of complex systems. In order to find
what price will make project being valuated competitive on the market a
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method of determining the utility degree and market value of projects based on
the complex analysis of all their benefits and drawbacks is used. According to
this method the project‘s utility degree and the market value of project being
estimated are directly proportional to the system of the criteria adequately de-
scribing them and the values and weights of these criteria.

Since all complex systems have many interconnected components, the sci-
ence of networks and network theory are important aspects of the study of
complex systems. Therefore, a method of multiple criteria multi-variant design
of a project life is suitable for the analysis of complex systems. A method of
multiple criteria multi-variant design of a project life cycle enabling the user to
make computer-aided design of up to 100 000 alternative project versions was
developed. Any project life cycle variant obtained in this way is based on quan-
titative and conceptual information.

3.2. A Construction Project Management Multiple
Criteria Decision Support System

Based on the analysis of existing information, expert and decision support sys-
tems and in order to determine most efficient versions of construction project
management a Construction project management multiple criteria decision sup-
port system (CPM-MC-DSS) was developed (Fig. 3.1).

Construction management involves a number of interested parties pursuing
various goals as well as having different potentialities, educational level and
experience. This leads to various approaches of the above parties to decision
making in this field. In order to thoroughly analyze the alternatives available
and obtain an efficient compromise solution it is often necessary to define them
on the basis of different type of information.

The presentation of information needed for decision making in CPM-MC-
DSS may be in conceptual (numerical, textual, graphical, photographical, au-
dio, visual) and quantitative forms.

Thus, quantitative information presentation involves criteria systems and
subsystems, units of measurement, values and initial weights fully defining the
variants provided. Conceptual information means a conceptual description of
the alternative solutions, the criteria and ways of determining their values and
weights, etc.

In this way, CPM-MC-DSS enables the decision maker to get various con-
ceptual and quantitative information on construction management from a data-
base and a model-base allowing him to analyze the above factors and make an
efficient solution.
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e tables assessing con- construction management,
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design e a model for multi-variant design of construction
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e a model for multiple criteria analysis and setting
the priorities,
e a model for determination of project manage-
ment utility degree,
e a model for providing recommendations.

Fig. 3.1. The components of CPM-MC-DSS

The analysis of database structures in decision support systems according
to the type of problem solved reveals their various utility. There are three basic
types of database structures: hierarchical, network and relational. CPM-MC-
DSS has a relational database structure when the information is stored in the
form of tables. These tables contain quantitative and conceptual information.
Each table is given a name and is saved in the computer external memory as a
separate file. Logically linked parts of the table make a relational model. The
following tables make CPM-MC-DSS database:

o Initial data tables. These contain general facts about the construction

management considered.

e Tables assessing construction management solutions. They contain quan-
titative and conceptual information about alternative management
solutions.

e Tables of multi-variant design. They provide quantitative and conceptual
information on the interconnection of the construction management ele-
ments, their compatibility and possible combinations as well as data on
complex multi-variant design of construction management.

The collection, processing and presentation of information for a database
in the computer acceptable form are a complicated time-consuming process.
The information collected in a database should be reliable, fully describing
construction management as well as enabling CPM-MC-DSS to perform an
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efficient multi-variant construction management design and multiple criteria
analysis.

To design the structure of a database and perform its completion, storage,
editing, navigation, searching, browsing, etc. a database management system
was used. Tables of initial data contain the following information:

e  General facts about the construction management analyzed;
e  Top priority and significances of construction management objectives;
e The amount of money intended for construction management.

It should be noted that various managers making construction management
variants and multiple criteria analysis of the same construction often get di-
verse results. This may be accounted for the diversity of experience, skills,
overall aims and financial positions of the managers. Therefore, the initial data
provided by various contractors for calculating the construction management
project differ, consequently leading to various final results.

The tables of construction management variant assessment contain the
variants available and their quantitative and conceptual description. The quanti-
tative description of the alternatives deals with the systems and subsystems of
criteria fully defining the variants as well as the units of measurement and val-
ues and initial weights. Conceptual description defines the alternatives avail-
able in a commonly used language giving the reasons and providing grounds
for choosing a particular criterion, calculation its value, significance and the
like. The process of drawing up the tables of construction management variant
assessment consists of the following steps:

e Collection and presentation of general information about the variants un-

der consideration;

e Establishment and conceptual description of the systems and subsystems

of criteria;

e Establishing of criteria for choosing the units of measurement;

e Estimation of the values of the criteria with the description of the process

of calculation and its presentation;

e Determination of the initial weights of the criteria with the description of

the process of calculation and its presentation.

The information used in compiling the tables of construction management
variant assessment has been obtained from the following sources:

e Projects, technical specifications;

e Analogues and similar projects performed;

e Experts, with simultaneous application of expert methods;

e Recommendations, regulations, standards, etc.

Based on various sources of information the variants presenting some in-
terest to the stakeholders as well as some general facts, a system of criteria,
their types (quantitative and qualitative), units of measurement and the range of
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value estimation are determined. The wider the range of estimating the values
and weights of the criteria the more accurate analysis may be done.

The values of the criteria used to describe the alternatives are obtained by
analysing the projects as well as using the expert, statistical and other methods,
analogies, available recommendations and documents. The accuracy of infor-
mation about the alternatives presented is of paramount importance, the objec-
tive character of the choice of the most efficient variant being largely depend-
ent on it. It should be noted that quantitative information is sufficiently
objective. Actual projects have actual costs, time and quality. The values of the
qualitative criteria are usually rather subjective though the application of expert
methods contributes to their objectivity. The initial weights of all qualitative
criteria are obtained by using expert methods. In addition, based on various
specifications and standards as well as expertise results and the client’s re-
quirements, some limitations on the criteria determining the rejection of the
variants from further analysis in case the latter do not satisfy them can be estab-
lished.

Uniform types of relational tables have been chosen to facilitate entering
of appropriate data into the database. Such unified database also make it possi-
ble easily correct and introduce new information as well as efficiently carrying
out computation. These tables are used as a basis for working out the matrices
of decision making. These matrices, along with the use of a model-base and
models, make it possible to perform multi-variant design and multiple criteria
evaluation of alternative construction management projects resulting in the
selection of most beneficial variants.

In order to design and realize an effective construction management pro-
ject the alternatives available should be analyzed. Computer-aided multi-
variant design requires the availability of the tables containing the data on the
interconnection of the construction management elements and the solutions
made as well as their compatibility, possible combination and multi-variant
design.

Since the objectives and financial situations of CPM-MC-DSS users often
vary the initial design data and, consequently, the results obtained will also be
different. Therefore, the objectives and the financial situation of the clients are
expressed quantitatively and provided as the initial data for calculations. These
data should be related to the other information of the tables. Based on the
above tables of multi-variant design possible construction management variants
are being developed. When using a method of multi-variant design until
100 000 alternative construction management projects may be obtained. These
project versions are checked for their capacity to meet various requirements.
Those which can not satisfy these requirements raised are excluded from fur-
ther consideration. In designing a number of variants of construction manage-
ment the problem of significance compatibility of the criteria arises. In this
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case, when a complex evaluation of the alternatives is carried out the value of
criterion significance is dependent on the overall criteria being assessed as well
as on their values and initial weights.

Since the efficiency of a construction management variant is often deter-
mined taking into account different factors a model-base of a decision support
system should include models enabling a decision maker to do a comprehen-
sive analysis of the variants available and make a proper choice. The following
models of model-base are aimed to perform this function:

e A model of developing the alternative variants of construction manage-

ment;

¢ A model for determining the initial weights of the criteria (with the use of

expert methods);

¢ A model for the criteria weights establishment;

¢ A model for multi-variant design of a construction management;

¢ A model for multiple criteria analysis and setting the priorities;

¢ A model for determination of a project management utility degree;

¢ A model for providing recommendations.

Based on the above models, a CPM-MC-DSS can make until 100,000 con-
struction management alternative versions, performing their multiple criteria
analysis, determining utility degree and selecting most beneficial variant with-
out human interference.

According to the user’s needs, various models may be provided by a model
base management system. When a certain model (i.e. determining the initial
weights of the criteria) is used, the results of the calculations obtained become
the initial data for some other models (i.e. a model for multi-variant design of
construction management, a model for multiple criteria analysis and setting the
priorities), while the results of the latter, in turn, may be taken as the initial data
for some other models (i.e. determining project management utility degree,
providing recommendations, etc.). A management system of the CPM-MC-
DSS model base provides the user with a model base allowing him to modify
the models available, eliminating those which are no longer needed and adding
some new models linked with the existing ones.

In order to check the correctness of the suggested CPM-MC-DSS, the
whole of its solution process has been more than once gone through manually.
The results of manual and computer calculations matched. Besides, all separate
working stages of the CPM-MC-DSS as well as all complex calculations have
been coordinated with experts in this field, i.e. the essence of the calculations
has been found to be in conformity with their logical reasoning. Owing to sug-
gestions of these experts, some useful changes have been introduced into the
CPM-MC-DSS. The check-up by the experts is bound with the fact that univer-
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sal decision making methods are not always suitable for specific tasks and can
lead to gross errors or to bad results altogether.

The more alternative versions are investigated before making a final deci-
sion, the greater is the possibility to achieve a more rational end result. Basing
oneself on possessed information and the CPM-MC-DSS it is possible to per-
form the multiple criteria analysis of construction management projects com-
ponents and select the most efficient versions. After this, the received compati-
ble and rational components of construction management are joined up into
construction projects. Having performed multiple criteria analysis of projects
made up in such a way, one can select the most efficient ones. Strong and weak
points of investigated projects are also given an analysis. Facts of why and by
what degree one version is better than the other are also established. All this is
done basing on conceptual and quantitative information.

3.3. Case Study: Construction Project Management

One of the families in Berlin is going to build a rational single-family house in
the area regarded good for health, rest and treatment. The realization of this
task is performed following the purposes of the family, it is necessary to exam-
ine these alternatives:

e Single-family houses (4 alternatives);

e Feasible sites for construction (3 alternatives);

e Contractors (2 alternatives);

e Constructability (3 alternatives);

e Types of contracts (4 alternatives);

e Heating systems in buildings (3 alternatives).

During the undertaken computer-aided analysis there were examined 4 al-
ternatives of single-family houses and 3 construction sites (Lithuanian resorts
in Palanga and Druskininkai, plus Aalborg in Denmark). The analysis made
had been based on the initial data and data base.

The efficiency level of the considered house depends on a great many of
factors, including: geographical situation and local orientation (in respect of the
sea or some other water body) of the acquired place or area, its distance from
the pollution sources and their polluting intensity, infrastructure of the settle-
ment, the service network, cost of living, the amount of commuting expendi-
ture, etc. The purchase price of building plots in the three alternatives also dif-
fers.

There have been examined three alternatives of heating systems-
centralized, from the network, and local, when coal and gas is used for heating
premises. From the point of view of ecology, heating by coal causes the great-
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est harm. Each of these three heating systems can function by means of three
alternatives. They are as follows:

e Air heating;

e Heating system having an automated temperature control;

e Air conditioning (air temperature and humidity control).

The computing results have revealed that the level of comfort in premises
and ease control of heating and ventilation systems is not proportionate to the
operating expenditure and estimated costs.

Usually users after some acquaintance with the new equipment giving
them considerable comfort tend to get disappointed about the installed heating
and ventilation systems because of their sophisticated operation. In qualities
that case, priority is given to traditional ordinary heating systems even though
it entails a lot of inconvenience and discomfort. This psychological aspect
should not be disregarded.

Formation of feasible alternatives of projects is based on the data base of
criteria characterizing processes (solutions), feasible interchangeable processes
(solutions). This procedure allows developing up to 100 000 project alterna-
tives and getting matrices of very large values of criteria. Therefore, the num-
ber of alternatives being investigated should be reduced. This is achieved by
the use of two methods sifting irrational alternatives from the rest. Selection of
the best suitable alternatives out of a great number of alternative solutions is
the basic function of both methods for sifting alternatives (see Section 3.1).

The initial quantitative and qualitative databases (criteria system, values
and weights of criteria) of construction sites, buildings, walls, heating systems,
contractors, constructability and contracts was compiled from the information
provided by experts and managers.

The twenty eight construction project management experts and managers
were asked to select the criteria, which correspond in the best way to the devel-
opment of construction project management. Semi-structured and open-ended
question interviews were used as the means for questioning a diverse group of
experts and managers and to describe their expectations and experiences during
their assessment of construction project management. Twenty-eight persons
took part in face-to-face interviews: four interviews with couples and twenty
with individuals were completed. To maximize the range of possible experi-
ences and opinions, we included persons of diverse ethnicity, educational levels
and age. After questioning the respondents and processing the obtained results
by using an expert’s method, the concrete systems of criteria characterizing the
efficiency of construction project management were identified. We shall pro-
ceed with a brief analysis of the criteria systems extensively describing con-
structability programs, contracts and contractors as an example.
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The factors have been considered in constructability program alternatives
under analysis included the following criteria:

e Managing the project;

e Project delivery system;

e Contracting strategy;

¢ Risk management;

e Work package breakdown;

e Labor plan;

e Access to site: size of equipment, weather restraints and urban

restrictions;

o Site layout;

e Access to install and replace large equipment within the structure;

e Sequence of construction;

e Rigging plan;

e Availability and procurement of long lead time equipment and materials;

e Prefabrication;

e Preassembly;

e Modularization;

e Construction management organization plan;

¢ Quality management; materials management;

o Site facilities (offices, temporary power, water, sewer, security, roads,

parking, lay-down, etc.);

o Safety;

e Operability;

e Maintainability.

Factors that affected selection of the type of contract alternatives included
the following criteria:

e Owner's corporate policy on contracting;

e Availability of in-house experienced personnel;

e Time available to get the project designed and constructed;

e Desire of owner to control elements of project;

¢ Importance of cost to owner;

e Amount of risk owner wants to contract out;

e Availability of contractors;

e Local construction climate;

e Experience or confidence in contractor or design builder;

e Pre-contract period (long, short);

e Consultants (chosen by contractor or employer);

e Sub-contractors (domestic, nominated);
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e Valuations of variations (expensive, cheap, at cost);

e Completion (fixed, controlled, at large).

The competitions for the actual contract have been organized taking into
account a set of criteria, reflecting the objectives to be attained:

e Estimated cost of Project;

¢ Quality of final building product;

e Duration of construction;

e Financial strength of building firm;

e Reliability of building firm;

e Organization and management capabilities;

e Ability to formulate practical programs;

e Ability to maintain program;

e Standard of workmanship;

e Site organization;

e Conduct of labor relations;

e Relations with sub-contractors and statutory authorities;

e Attention to site welfare and safety;

e Degree of co-operation;

e Appropriateness of organizational structure;

e Effectiveness of communication;

¢ Flexibility of management;

e Motivation of the team;

e Experience of the team;

¢ Did rely extensively on sub-contractors?

e Were there any problems with payments to sub-contractors and suppliers?

e Were defects remedied promptly?

e Were final accounts settled satisfactory?

According to the suggested methodology, execution of the lifetime alterna-
tives of a building and multiple criteria evaluation as well as selection of the
best suitable alternatives from the other alternative solutions can be fulfilled in
two stages. In the 1st stage the best suitable solutions (processes) are deter-
mined. In the 2nd stage the lifetime alternative projects of a building multiple
criteria evaluation as well as selection of the best alternatives is carried out.

Thus, at first we will examine briefly the multiple criteria analysis of sepa-
rate processes and solutions illustrating it by an example of a single-family
house evaluation.

The analysis of database structures in decision support systems according
to the type of problem reveals their various levels of utility. There are three
basic types of database structures: hierarchical, network and relational. The
MDSS-CPM system has a relational database structure when the information is
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stored in the form of tables. These tables contain quantitative and conceptual
information. Each table is given a name and is saved in the computer external
memory as a separate file. Logically linked parts of the table form a relational
model.

As an example of a multiple criteria analysis, we will take the case of se-
lection of a rational single-family house (Fig. 3.4). After clicking the mouse on
the items “Description of the alternatives” and “Buildings” the System provides
the user with the initial data necessary for the analysis. The main data on the
compared variants are presented in the form of a decision-making matrix,
where columns express the discussed alternative variants of buildings; and
quantitative information is presented in rows, which describe the discussed
alternatives in detail. In this particular case, four variants of buildings are pre-
sented for further analysis, and are described by 18 criteria in detail.

Solutions considered
Please select ion under

[Buildings

Qualitative and quantitative description of the alternatives

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * [Measuring unitsWeight Compared alternatives
House 1|House 2||House 3 |House 4

Estimated costs - |Eur 0,348 (146000 ||175000 ||162000 |179000
Equivalent fuel needed for heating premises |- |[T/Year 0,651 3,8 4,3 3 14
Conveniences to use a heating system +|Paints 0,0209/|0,5 0,5 0,5 0,5
Lasting of a building +|Points 0,1965|[1 1 1 1
Roof covering + |Paints 0,0073/|0,9 0,9 0,9 0,9
General comfort +|Paints 0,0707/|0,6 0,7 1 0,6
General functional convenience +|Points 0,0429(0,7 0,8 1 0,7
'Volumetric proportionality of premises +|Paints 0,0282/|0,5 1 1 0,6
Living area +|m2 0,0624/(120 142 188 1201
Floor height +[Points 0,0585[0,8 0,0 0,9 0,8
Class of a building according fo its fype +|Paints 0,0084[1 1 1 1
Garage influence +|Points 0,0066/[0,2 0,2 0,2 0,2
Evaluation of aesthetic qualities of the exterior |+|Paints 0,0272/|0,8 1 1 0,8
Evaluation of the external finish +|Paints 0,016 ||0,8 1 1 0,8
Evaluation of materials harmful to health +|Points 0,046 0,8 0,8 0,8 0,8
Evaluation of balconies and loggias +|Paints 0,0031/|0,3 0,3 0,3 0,3
Evaluation of the number of rooms +|Points 0,0098/[0,8 0,4 1 1
Evaluation of characteristics of sound isolation |+ |Paoints 0,0272[1 0,9 1 0,9

Fig. 3.2. Initial data for a multiple criteria analysis

Fig. 3.3. Photos of analyzed houses



3. CONSTRUCTION PROJECT MANAGEMENT MULTIPLE...

113

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives " ||Measuring units|eight |[Compared alternatives
House |[House |[House |House
1k B s
Estimated costs|| -||Eur 0,348 00767 || 0,092 ||0,0852 || 0,0841
Equivalent fuel needed for heating| -||T/Year 065101638 (0,1854 (10,1293 [ 0,1725
premises
Caonveniences to use a heating system|| +||Points 0,0200( 0,0052 ||0,0052 ||0,0052 || 0,0052
Lasting of a building|| +{|Paints 0,1965( 0,0491 ||0,0491 |[0,0491 || 0,0491
Roof covering|| +||Points 0,0073( 0,001 {0,0018 |00018 || 0,0013
General comfort]| +|FPoints 0,0707||0,0146 ||0,0171][0,0244 || 0,0146
General functional convenience|| +||Points 0,0428||0,0094 || 0,0107 ||0,0134 || 0,0084
Woalumetric proportionality of premises|| +{|Paints 0,0282( 0,0045 ||0,0091 |0,0091 || 0,0055
Living area||+[|m2 0,0624|[0,0115]|0,0136] 0,018 || 0,0183
Floor height|| +|Points 0,0585(|0,0138|0,0155]|0,0155 10,0138
Class of a building according to its{| +|Points 0,0084(| 0,0021 |{0,0021|0,0021 || 0,0021
type
Garage influence| +||Points 0,0066( 0,00186 ||0,0016|[0,0018 || 0,0016
Evaluation of assthetic qualities of the| +|Points 0,0272( 0,006 ||0,0076 ||00076 || 0006
exterior]
Evaluation of the external finish|| +|[Points 0,016] 0,0036 || 0,0044 || 0,0044 || 0,0036
Evaluation of materials harrrqful‘tg +|Points 0,046) 0,0115]0,0115 ||0,011% [ 0,0115
ealt
Evaluation of balconies and loggias|| +||Points 0,0031( 0,0008 |[0,0008 ||0,0008 || 0,0008
Evaluation of the number of rooms|| +||Points 0,0098( 00024 ||0,0012 |{0,0031 || 0,0021
Evaluation of characteristics of sound|| +||Points 0,0272((0,0072||0,0084 ||0,0072 || 0,0064
isolation
The sums of weighted normalized maximizing (projects 'plusest|| 0,1451) 01577| 0,1748|| 0,1538
indices of the alternative
The sums of weighted normalized minimizing (projects 'minusesy|| 0,2405| 0,2774|| 0,2145|| 02666
indices of the alternative
Significance of the alternative|| 0,3924| 0,3885| 04562\ 03855
Friority of the alternative) 2 3 1 4
Utility degree of the alternative (%)) 86.01%|85,15%)|99.99%|| 84 49%

o

Fig. 3.4. Multiple criteria evaluation and determination of the utility degree

of single-family houses®

Figure 3.2 presents the criteria system, criteria measuring units, and values
and weights, which describe the discussed alternatives of buildings in detail.
A user may review all criteria, their values and significances.

A mouse-click on the title of each discussed variant opens a new window
on the web-browser, which presents detailed conceptual (textual, photographic)
data of the selected variant. When a user activates a particular item, he/she may
review additional textual and photographic information on each alternative.
The relation of various types of weights shows the number of times a particular
criterion has greater/smaller influence on complex effectiveness of alternatives.

*Sign +/— indicates that a greater/lesser criterion value corresponds to its significance for a client.
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Log in | Register

Computer-aided multivariant design and multiple criteria

Main page Description Results of multiple criteria Computer-aided development Multiple criteria analysis Recommendations for user
of the alternatives evaluation of the alternatives of the feasible alternatives  of the developed feasible alternatives
PP The It is i the value being had been
cycle value lenough
0 179000 7,54%
1 165500 2,04%
2 162125 0,52%!

Fig. 3.5. Determination of market value the houses number 4 under
consideration

In the above case, the alternatives of single-family houses were evaluated
according to the following criteria groups:

e Construction process: estimated costs, construction duration;

e Criteria expressing the operation process and living comfort (thermal

and sound isolation qualities in a building; evaluation of the exterior of
a building in terms of aesthetics; general comfort of a building and its
functional convenience; dimensional proportionality of premises; living
and technical areas; materials used for building; evaluation of detri-
ments to health; lasting of a building; upkeep costs).

The multiple criteria analysis of alternative buildings is based on the initial
data shown in Figure 3.2. It is seen from its Figure 3.2 that each alternative has
it own strengths and weaknesses.

The effect of materials detrimental to health, general comfort for living in
the building, its functional convenience, dimensional proportionality of prem-
ises, and other qualitative characteristics are rated by points. The higher is the
value of the point, the better is the solution. The physical sense of a specific
criterion rated in points rests on the fact that it indicates how many times the
value of one alternative criterion is more significant for man than the value of
the corresponding criterion of another alternative.

In practice, the values of qualitative characteristics are expressed in points.
The way they are determined is as follows:

e The best suitable alternative is chosen according to a specific criterion.

e The considered criterion of the selected best alternative is set equal to the

magnitude of one point.
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e The ratio amongst the best criterion magnitude and all the rest alterna-
tives of the corresponding criterion magnitudes is determined.
e The criteria are given relative values.

zsults of Multiple Criteria Evaluetion

Constructahility

Criteria describing the attematives. ing units| [Weight|[Compared altematives 0|
| [Censtructabiliny tvpe 1] [Constuctability wpe 2] [Constuctabiity type 3
Managing the project] [+] [Points o7 o246 || o2 || ousm |
AVG MIN WG MIN AVG MIN
Project delivery sy [Point= 0.5 0,1522 0,1357 0,1522
AVG MIN AVE MIN AVG MIN
G tegy] [+][Points 08| 0.1579 0.2842 01579
AVG MIN AVE MIN AVG MIN
Risk management] [ | [Points 0] 028 021 0,21
AVG MIN AVE MIN AVG MIN
Work package [Points 04] 0,1333 0,1333 01333
ANG MIN AVE MIN ANG MIN
Labor plani [+][Points 0.4 01143 0.1624 01333
AVG MIN AVE MIN AVG MIN
Apcess to site: size of equipment, weather restraints and wban [Foints. [ 0,1875 0,1875 0,225
AVG MIN AVE MIN AVG MIN
Site lay [Ponts 03] 0,1905 0.1429 0.1667
AVG MIN AVG MIN AVG MIN
‘Access to install and replace large equi within the [Foints. 03] 0,033 0,0533 0,053
AVG MIN AVE MIN AVG MIN
Sequence of [Points 0.15] 0.081% 0,0545 0,034
ANG MIN AVE MIN AVG MIN
Rigging plan [+] [Points 03] 0,0955 0,0955 0.1091
AVG MIN AVE MIN AVG MIN
‘Availabilty and procurement of long lead time equi and [Foints. [ 0,225 0225 0,15
AVG MIN AVE MIN AVG MIN
[Ponts 03] 0,194 0.1944 01111
AVG MIN AVG MIN AVG MIN
[Points 03] 0,0889 0,0556 0,055
AVG MIN AVE MIN AVG MIN
[Points 04] 0,14 014 0,12
AVG MIN AVE MIN AVG MIN
‘Construction management organization plan|[+| [Points. 08 0.1909 02182 0.1909
AVG MIN AVE MIN AVG MIN
Cuality -materials [Point= [ 02077 0,207 0,1846
AVG MIN AVE MIN AVG MIN
Site faciliies (offices, temporary power, water, sewer, security, roads, parking, laydown, etc. )| [+ [Points 04 01333 0,0869 01778
AVG MIN AVE MIN AVG MIN
‘Safety][+][Peints 03 0,2545 02182 02273
AVG MIN AVE MIN AVG MIN
Operabity] [+] [Points. 03] 03273 02884 02864
AVG MIN AVE MIN AVG MIN
[Pont= 03] 0.1875 0.1458 0.1667
AVG MIN AVE MIN AVG MIN
The sums of weighted normalized maximizing {projects “plises’) indices of the atemative] 3,3789) 3,3534] 3,179
The sums of weighted rommalized minimizing (projects 'mimses") indices of the ahemative] 0,28] 021 021
Significance of the ahemative] 3,608] 36207 3.3721)
Priority of the attemative] 2] 1 E
Utiity degree of the atemative (%) 99.857%) 100% 93.14%)
*- The sign ™" indicates that a greater {less) criterion value to a greter signi for a user

Fig. 3.6. Multiple criteria analysis of constructability

In order to illustrate it visually, let us compare the 3rd project with the 4th
one (see Fig. 3.2). The construction of the house according to the 4th design
gave rise to enlargement of the living area. But in building project 3 better
qualitative results (general comfort and functional convenience, ratio of volu-
metric proportions of premises, effective area, floor height, evaluation of aes-
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thetic qualities of the exterior and external finish, sound isolation characteris-
tics of constructions) had been obtained. In addition, the house required less
fuel for heating. As can be seen from Figure 3.2, each criterion goes together
with its measurement unit and significance. The magnitude of significance in-
dicates how many times one criterion is more significant than the other one in a
multiple criteria evaluation of projects. After determining the utility degree of
the projects, market value was defined (Figure 3.5). In order to find what price
will make the alternatives being valuated competitive on the market a method
of determining the utility degree and market value of objects based on the
complex analysis of all their benefits and drawbacks was used by the author.
According to this method the alternatives utility degree and the market value of
alternatives being estimated are directly proportional to the system of the crite-
ria adequately describing them and the values and significances of these crite-
ria.

The criteria characterizing other alternative solutions and processes were
stored in a computer system in the same way. Then, the multiple criteria
evaluation of the other processes (solutions) including feasible locations of
construction sites, walls, heating systems, contractors (see Fig. 3.7), construc-
tability (see Fig. 3.6) and contracts (see Figure 3.8) was executed in quite the
same way as it had been done previously when evaluating the buildings.

The multiple criteria analysis enabled selecting the best alternative designs
of processes (solutions). The processes of evaluation and selection of the best
alternatives passed in the same way as in the case when selecting the most ap-
propriate alternatives according to the principle of multiple criteria evaluation.
In order to illustrate it visually, the results obtained by multiple criteria evalua-
tion of feasible construction locations are presented in Figure 3.2. Figure 3.3
deals with the corresponding results of heating systems.

Figure 3.4 shows the evaluation results of two Lithuanian construction
firms carrying out construction work within the country. The selection of the
best firm is based on the optimal results.

From Figure 3.5 is seen by what percentage the terms offered by the se-
lected best construction firm are better than those offered by another construc-
tion firm (costs, duration of construction as well as other criteria were estab-
lished by the previous practice of construction work).

After a multiple criteria analysis of construction sites, buildings, walls,
heating systems, contractors (see Fig. 3.7), constructability (see Fig. 3.6) and
contracts (see Fig. 3.8), alternative variants are developed in an automated way
(see Fig. 3.5); and the best alternative combinations are provided (see Fig. 3.9).

After the activation of the item “Multiple criteria analysis of the developed
alternatives” the multiple criteria analysis of the developed construction project
management feasible alternatives is performed (see Fig. 3.10).
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zsults of Multiple Criteria Evalustion

‘Criveria describing the altematives

===

|Cc|'rpa'ed altermatives |

[Contractor 1||Contractor 2

Estimated cost of pmiec:t‘E“Enl

[

0.8TET
AVG MIN

Cruality of final buikling product| |+ |Peints. 0,651 0,353
AVG MIN
Duration of construction Month 0,109 0,053 A
AVG MIN AWG MIN
Financial strength of building firm| |+||Pgints 0,081 0,0405 0, 0405
AVG MIN AWG MIN
Refiability of buikling finm| |+ |Pgints. 0,085 0,038 0,085
AVG MIN AWG MIN
Comespondence of the type of contract to requirements of client||+||Points. 0,205 01017 a0, 1073
ANG MM AWG MIM
Comespondence of the type of b nesgu of +||Points. 0,055 0,031 0,028
ANG MM
Dingamisation aned management capabilities | |+||Points. 0,034 0,018
ANG MM
Ability to F practical p | [+] [Points 0,033|[ o0,0185
| AVG MIN
Ability to maintain programme | | +| |Points. 0,035/ 0,0175
ANG MM
Stamdard of worlomanship | |+||Pgints 0,052 0,028
ANG MM
Site onganizaticn| |+||Pgints Q.02 0, 00Es
ANG MM
Conduct of labour relations| [+][Points 0,033 00175
ANG MM
Relations with and v authorities| [+] [Peints oo0z1|[ 00082 |
ANG MM
Degree of co-cperation| [+ [Paints 002|[ op0es |
ANG MM
P of icational [+][Paint= 0,03
Effectiveness of communication| |+| [Points 0,034
Flestbility of management| [+| [Points 0023 ooizz |[ o.otor
ANG MM AWG MIM
Motivation of the team| [+|[Paints oo0s|[ ooz3z || o067
ANG MM AWG MIM
Experience of the team| [+| [Points 0051|[ opzrz |[ oozse
ANG MM AWG MIM
Did rehy extensivehy on sub 7| [+] [Points 0,023 00107 0,0123
ANG MM AWVG MIM
Were thene any problems with payments to subcontracters? [ Points: 0,0 0212 0,0188
ANG MM AWVG MIM
Were defi died prompthy?| [+] [Peints 0,044 o0.0235 0,006
ANG MM AWVG MIM
Were final acoounts setthed satis Factonys : Points: 0,042 0,021 0,021
ANG MM AWVG MIM
Thee sumes: o wae o lized {pro “phusesT) indi af the alt 0, 8417 0,7743
Thee sums: of d ized mindmizing {prok il ) il of the alt 0, 7459 10,6991
Bagniilfi of the alt 1.5853 1.5242
Pricrity of the albemative 1 2
LHility degree of the albemative (%)) T 97, 37T%|

|
Fig. 3.7. Multiple criteria evaluation and determination of the utility
degree of contractors
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esults of Multiple Criteria Evaluetion

Results of multiple criteria evaluation of the alternatives

Please select solution under consideration

Types of Contracts

Quantitative and qualitative information pertinent to alternatives
(Criteria describing the alternatives * [[Measuring units |[Weight |Compared alternatives
Contract type 1|(Contract type 2| Contract type 3||Contract type 4
owner's corporate policy on contracting||+(|Points 0,9 0,1969 0,225 0,225 0,2531
AVG MIN AVG MIN AVE MIN AVG MIN
availability of in-house experienced personnel||+|[Points 0,6/ 0,1448 0,1448 0,1241 0,1862
AVG MIN AVGE MIN AVG MIN AVG MIN
time available to get the project designed and constructed||+{|Point: 0,8 0,2154 0,1846 0,2462 0,1538
AVG MIN AVG MIN AVG MIN AVG MIN
desire of owner to control elements of project||+{[Points 0.5 01111 0,1481 0,1667 0,0741
AVG MIN AVG MIN AVG MIN AVG MIN
importance of cost to owner||+([Points 1 0,25 0,25 0,25 0,25
AVG MIN AVG MIN AVG MIN AVG MIN
amount of risk owner wants to contract out||+||Points 0,6/ 0,1448 0,1655 0,1034 0,1862
AVG MIN AVG MIN AVG MIN AVG MIN
y of contractors Points 0,8 0,1455 0,2545 0,2%09 0,1091
AVG MIN AVG MIN AVG MIN AVG MIN
local construction climats Points 05 0,125 0,1042 0,1458 0,125
AVG MIN AVG MIN AVG MIN AVG MIN
experience or confidence in contractor or design builder||+|[Points 0,7] 0,1697 0,1697 0,1697 0,190%
AVG MIN AVG MIN AVG MIN AVG MIN
pre-contract period {long. short)(|+([Points 0.8 0.125 0,15 0,125 0.2
AVG MIN AVG MIN AVG MIN AVG MIN
consultants {chosen by contractor or employer)||+|Points 0,2 0,0273 0,0455 0,0545 0,0727
AVG MIN AVG MIN AVG MIN AVG MIN
sub-contractors {domestic, nominated)|| -{[Points 0,6/ 0,1846 0,2308 0,1385 0,0462
AVG MIN AVG MIN AVG MIN AVG MIN
valuations of variations {expensive, cheap, at cost)|| -|{|Points 0,7 0,14 0,196 0,224 0,14
AVG MIN AVG MIN AVG MIN AVG MIN
completion (fixed, controlled, at large)||+||Points 0,6/ 0,12 0,16 0,14 0,18
AVG MIN AVG MIN AVG MIN AVG MIN
The sums of weighted normalized maximizing {projects ‘pluses’) indices of the alternative| 1,7755 2,0019] 2,0413 1,9811
[The sums of weighted normalized minimizing {projects ‘minuses’) indices of the alternative| 0,3248 0,4268 0,3625 0,1862
Significance of the alternative| 2,0708| 22617 2,3436| 2,4963
Priority of the alternative| 4 3 2 1
Utility degree of the alternative (%) 82,95% 90,6% 93,88% 100%

*—The sign “*”” indicates that a greater (less) criterion value corresponds to a great significance for a user (stakeholders)

Fig. 3.8. Multiple criteria analysis of contracts

The Recommendation Module of the MDSS-CPM system analyses crite-
ria, which affect the market value of alternatives, and their values; it also gives
recommendations. Formalized presentation of a multiple criteria analysis (see
Fig. 3.9) shows how changes in the criteria and the extent to which the goals
pursued by various interested parties are satisfied cause corresponding changes
in the value and the utility degree of the alternatives.

With this in mind, it is possible to solve the problem of optimization con-
cerning satisfaction of the needs at reasonable expenditures. This requires the
analysis of criteria allowing to find an optimal combination of different inter-
ested parties’ goals pursued and finances available. As example, Figure 3.11
provides extensive information about the quantitative effect of criteria on mar-
ket value of building. Each cell of this table shows three numbers:

e The numerical value of the analyzed criterion;

e Possible improvement of the analyzed criterion in %;
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¢ Possible increase of the market value of the alternative in % through in-

creased value of the aforementioned criterion.
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Fig. 3.9. Fragment of the computer-aided development of the construction
project management

A

Points

Hence, Figure 3.11 gives explicit intermediate information about the influ-
ence of each criterion on the market value of the analyzed alternative. Tradi-
tional analysis methods do not facilitate such explicit analysis of factors affect-
ing an alternative’s market value. The MDSS-CPM system developed on the
basis of multiple criteria analysis methods, which were created by the author of
this research, allows to eliminate drawbacks of the traditional analysis and as-
sessment methods, to take a new perspective on the assessment process, to im-
prove objectiveness in determination of pluses and minuses for each alternative

and also to validate the market value of alternatives.
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pied pege ’7 AR A=
desire of owner ([+||Points 0.5 0,000514 0,000686 0,000772 0,000343 0,000514 0,000686 0,000772 0,000343 0,000514 0,000686 =
to control
elements of
project
importance of  [+{Points  |[1 0001157 0,001157 0,001157 0,001157 0,001157 0.001157 0,001157 0,001157 0,001157 0,001157
lcost to owner
amount of risk {|+|Peints 0,6 ||0,00067 0,000766 0,00047% 0,000862 0,00067 0,000766 0,00047% 0,000862 0,00067 0,000766
lowner wants to
contract out
\availability of  |[+||Paints 0,8 0,000673 0,001178 0,001347 0,000505 0,000673 0,001178 0,001347 0,000505 0,000673 0,001178
contractors
local [+Points  {|0,5  (|0,000579 0,000482 0,000675 0,000579 0,000579 0,000482 0,000675 0,00057% 0,000579 0,000482
construction
climate
experionce o [+[Poims 0.7 [o.000786  [[0.000785  |[0000786  [0.00088  [[0.000786  |0,000786  |0,000786  [[0,000884  |[0,000786 |0,000786
confidence in
icontractor or
design builder
pecontract |[+[Points [[0,6  [[0,000579 0,000694 0,00057% 0,000926 0,000579 0,000694 0,000579 0,000926 0,000579 0,000694
peried {long,
short)
consultants  [[+|Peints 0,2 {(0,000126 0,00021 0,000253 0,000337 0,000126 0,00021 0,000253 0,000337 0,000126 0,00021
(chosen by
icontractor or
lemployer)
sub-contractors |[- [[Points 0,6 0,000855 0,001068 0,000641 0,000214 0,000855 0,001068 0,000641 0,000214 0,000856 0,001068
(domestic,
nominated)
valuations of |- |Points 0,7 0,000648 0,000307 0,001037 0,000648 0,000648 0,000307 0,001037 0,000648 0,000648 0,000907
variations
(expensive,
cheap, at cost)
completion I+||Points 0,6 0,000556 0,000741 0,000648 0,000833 0,000556 0,000741 0,000648 0,000833 0,000556 0,000741
(fixed,
controlled, at
large)

The sums of weighted normalized 0,0243 0,0253 0,0257 0,0246 10,0237 0,0247 0,0251 0,0248 0,0232 10,0244
maximizing {projects ‘pluses’) indices
|of the alternative

The sums of weighted normalized 0,0074 0,0079 0,0075 0,0065 10,0069 0,0074 0,0072 0,0064 0,0069 10,0075
minimizing {projects ‘minuses’)
indices of the alternative

[Significance of the altemative 0.0314 0,0322 0,0329 0.0326 0.0312 0.0317 0,0323 o.0327 0.0305 0.0312
[Priofity of the altemative [s85 267 29 [122 l634 [ag0 203 85 813 634
Utilty degres of the altemative (%) _][34,43% 96,84% 98,95% 98,04% 93,83% 95,34% 97,14% 98,34% 91,73% 93,83%

I ™ T /

Fig. 3.10. Fragment of the multiple criteria analysis of the developed
construction project management feasible alternatives

3.4. Manual Calculations

In order to demonstrate more properly the above case study (see Sub-Section
3.3) and check the consistency of the system by providing manual calculations
[according to the method of multiple criteria complex proportional evaluation
of the projects (COPRAS)] as follows.

The adapted method assumes direct and proportional dependence of sig-
nificance and priority of the investigated versions on a system of criteria ade-
quately describing the alternatives, and on the values and weight of the criteria.
The system of criteria is determined and the values and the initial weight of the
criteria are calculated by experts. All this information can be corrected by the
interested parties taking into consideration their pursued goals and existing
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capabilities. Hence, the assessment results of alternatives fully reflect the initial
data jointly submitted by experts and interested parties. The determination of
significance and priority of alternatives is carried out in four stages.

Stage 1. The weighted normalized decision making matrix D is formed.
The purpose of this stage is to receive dimensionless weighted values from the
comparative indexes. When the dimensionless values of the indexes are known,
all criteria, originally having different dimensions, can be compared. The fol-
lowing formula is used for this purpose:

d,:ﬂ; i=l..m; j=1...n 3.1

ij Z n
Jj=1 Yij

Here x;; is the value of the i-th criterion in the j-th alternative of a solution; m is
the number of criteria; # is the number of the alternatives compared; ¢; is sig-
nificance of i-th criterion.

zeommendations for user

Recommendations for user

Please select solution under consideration

Buildings
Qualitative and itati iption of the
Quantitative and qualitative information pertinent to altemnatives
[Criteria describing the alternatives [*|Measuring  |[Weight|[- Compared attematives
units - Possible improvement of the analysed criterion in %
- Possible increase of the market value of the alternative in % through increased value of the aforementioned
criterion
House 1 House 2 House 3 House 4
Estimated costs - |[Eur 0,348 (146000 175000 162000 179000
(0%) (16,57%) (9,88%) 1(18,44%)
(0%) (3,5364%) (2,1077%) 1(3,9343%)
[Equivalent fuel needed for heating premises |- ([T/Year 0,651 (3.8 4.3 3 4
(21,05%) (30,23%) (0%) I(25%)
(8.4045%) (12,0693%) (0%) (9,9804%)
IConveniences to use a heating system Points 0,0209 (0.5 0.5 0.5 0.5
(0%) (0%) (0%) (0%)
(0%) (0%) (0%) (0%)
Lasting of a building Points 0,1965 (|11 1 1 1
(0%) (0%) (0%) (0%)
(0%) (0%) (0%) (0%)
Roof covering Points. 0,0073 0,9 0,9 0,9 0,9
(0%) (0%) (0%) (0%)
(0%) (0%) (0%) (0%)
|General comfort Points 0,0707 (0,6 0,7 1 0,6
(66,67%) (42,86%) (0%) 1(66,67%)
(2,8904%) (1,8581%) (0%) (2,8904%)
|General functional i Points 0,0429(0,7 0,8 1 0,7
(42,86%) (25%) (0%) (42,86%)
(1,1275%) (0,6577%) (0%) (1,1275%)
[Volumetric proportionality of premises, Points 0,0282[[0.5 1 1 06
(100%) (0%) (0%) 1(66,67%)
(1,7293%) 0%) 0%) (1,1529%)
Living area +{[m2 0,0624 (1120 142 188 201
(67.5%) (41,55%) (6,31%) 1(0%)
(2,5629%) (1,5899%) (0,2646%) 1(0%)
Floor height P 0,0585 (0,8 0.9 0.9 0.8
(12,5%) (0%) (0%) (12,5%)
(0,4484%) 0%) 0%) 1(0,4484%)
IClass of a building ding to its type P 0,0084 |11 1 1 1
(0%) (0%) (0%) l(0%)
(0%) (0%) (0%) (0%)
|Garage influence [af 0,0066 (0,2 0,2 0,2 0,2
(0%) (0%) (0%) l(0%)
(0%) (0%) (0%) (0%)

Fig. 3.11. Fragment of recommendations for managers regarding building
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Following calculations are performed explaining the values presented in
Table 3.1:

dyy = 146000-0.348 ~0.0767:
146000 +175000 +162000 +179000

diy = 175000-0.348 —0.092:
146000 +175000 +162000 +179000

diz = 162000-0.348 =0.0852, and etc.

146000 +175000 +162000 + 179000

The sum of dimensionless weighted index values dj; of each criterion x; is
always equal to the significance ¢; of this criterion:

q; = d, i=l..m; j=1l...n (3.2)

g

q11 =0.0767 4+ 0.092 + 0.0852 + 0.0941 = 0.3480;

q12 =0.1638+0.1854 +0.1293 +0.1725 =0.6510;

q13 =0.0052 + 0.0052 + 0.0052 + 0.0052 = 0.0209;

q14 =0.0491+0.0491 + 0.0491 + 0.0491=0.1964 , and etc.

The value of significance g; of the investigated criterion is proportionally
distributed among all alternative versions g;j according to their values x;,.

Stage 2. The sums of weighted normalized indexes describing the j-th ver-
sion are calculated. The versions are described by minimizing indexes S_; and
maximizing indexes S.,. The lower value of minimizing indexes is better (price
of the technology and building, etc.). The greater value of maximizing indexes
is better (comfortability of the construction works, etc.). The sums are calcu-
lated according to the formula:

S, = d.;s zll s my o j=1... (3.3)

S+1=0.0052+0.0491+0.0018+0.0146 +0.0094 +0.0045 +0.0115+0.0138 +
0.0021+0.0016 +0.006 + 0.0036 +0.0115+0.0008 + 0.0024 + 0.0072 = 0.1451;

S$_1=0.0767+0.1638 = 0.2405;
Si2 =0.0052+0.0491+0.0018+0.0171+0.0107+0.0091+0.0136+0.0155+
0.0021+0.0016 +0.0076 + 0.0044+0.0115+0.0008+0.0012+0.0064 = 0.1577;

S =0.0920+0.1854=0.2774 , and etc.
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The values S, [the greater is this value (project ‘pluses’), the more satis-
fied are the interested parties] and S_; [the lower is this value (project ‘mi-
nuses’), the better is goal attainment by the interested parties] express the de-
gree of goals attained by the interested parties in each alternative project. In
any case the sums of ‘pluses’ S, and ‘minuses’ S_; of all alternative projects are
always respectively equal to all sums of significances of maximizing and
minimizing criteria:

S,=2" S 8= S, i=lom j=1.. (34)

S, =0.1451+0.1577+0.1748 + 0.1538 = 0.6314;

q+ =0.0209 +0.1965+0.0073 + 0.0707 + 0.0429 + 0.0282 + 0.0624 + 0.0585 +
0.0085 +0.0066 +0.272 +0.016 + 0.046 + 0.0031+ 0.0098 + 0.0272 = 0.6314;
S_=0.2405+0.2774+0.2145+ 0.2666 = 0.9990;

q- =(—0.3480) +(—0.6510) = 0.9990, and etc.

In this way, the calculations made may be additionally checked.

Stage 3. The significance (efficiency) of comparative versions is deter-
mined on the basis of describing positive projects (‘pluses’) and negative pro-
jects (‘minuses’) characteristics. Relative significance O, of each project a; is
found according to the formula:

Somin 2145

0,=8,, . j=l.n (3.5)
—]z ( —mlﬂ/S—])
0 =0.1451+ 0.2145-0.999 =0.3924, and etc.
02145 02145 02145 0.2145
0.2405 - + + +
0.2405 02774 02145 0.2666

Stage 4. Priority determination of projects. The greater is the O, the higher
is the efficiency (priority) of the project.

The analysis of the method presented makes it possible to state that it may
be easily applied to evaluating the projects and selecting most efficient of them,
being fully aware of a physical meaning of the process. Moreover, it allowed
formulating a reduced criterion O, which is directly proportional to the relative
effect of the compared criteria values x;; and significances g; on the end result.

0,>0,>0,>0,: 0.4562>0.3924>0.3885>0.3855.

Complex systems are a scientific field which studies the common proper-
ties of systems that are considered fundamentally complex. It is also called
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complex systems theory, complexity science, and study of complex systems,
sciences of complexity, non-equilibrium physics, and historical physics. The
key problems of complex systems are difficulties with their formal modeling
and simulation. From such perspective, in different research contexts complex
systems are defined on the base of their different attributes. Complex systems
is a new approach to science that studies how relationships between parts give
rise to the collective behaviors of a system and how the system interacts and
forms relationships with its environment. In a business context, complexity
management is the methodology to minimize value-destroying complexity and
efficiently control value-adding complexity in a cross-functional approach
(Wikipedia 2009c¢). Therefore, a method of determining the utility degree and
market value of projects is appropriate for the analysis of complex systems.

Significance Q; of project aj indicates satisfaction degree of demands and
goals pursued by the interested parties - the greater is the O, the higher is the
efficiency of the project. In this case, the significance O, of the most rational
project will always be the highest. The significances of all remaining project
are lower as compared with the most rational one. This means that total de-
mands and goals of interested parties will be satisfied to a smaller extent than it
would be in case of the best project.

Table 3.1. Construction project management multiple criteria analysis results

Quantitative information pertinent to projects

Criteria describing the construction Weight | Measuring | Compared projects
project management units a|la...|a]..|a,

X Z1 q1 m di|dp|... dlj 7

X 22 q> ny o |ds|... de 7

X3 Z3 qs ms ds1 |ds ... d3j 7

/YI Zi qi m dll dlZ dz/ dm

Xm Zm Qm my, dml dmZ dm/ dmn

The sums of weighted normalized maximizing (projects ‘pluses’)
indices of the project
The sums of weighted normalized minimizing (projects ‘mi-
nuses’) indices of the project

Sar[Sal. [Sy e[S

S|So|.[S5] |8

Significance of the project O Oa]...|1O;]...| On
Priority of the project Py|Py|...| Pi]...| Py
Utility degree of the project (%) Ni|No|.. [ Ni|...| Ny

*Sign +/— indicates that a greater/lesser criterion value corresponds to its significance for a pro-
ject manager.
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The degree of project utility is directly associated with the quantitative and
conceptual information related to it. According to this adapted method the de-
grees of utility of the project considered as well as the market value of a project
being valuated are determined in seven stages. The formula used for the calcu-
lation of project aj utility degree N, is given below (in percent):

Nﬁﬁxmo%; j=l..n. (3.6)
hmax
R
3= gjigi x100% =100.00%;

~0.3855
0.4562

It must be noted that the results of manually performed calculations are
adequate to the analysis results provided by the system. Thus the process of the
analysis and assessment of construction project management and the related
decision-making can be more objective, neutral and informative. The MDSS-
CPM system can really help to assess the influence of various environment
factors, to identify the critical values of factors, to make decisions on manage-
ment, to plan the courses of action and to provide reliable information to inves-
tors and managers.

4 x100% = 84.49%: , and etc.

3.4. Concluding Remarks of Chapter 3

1. In a construction project management context, complexity management
is the methodology to minimize value-destroying complexity and effi-
ciently control value-adding complexity in a cross-functional approach.
Therefore, a method of determining the utility degree and market value
of projects is appropriate for the analysis of complex systems.

2. Since all complex systems have many interconnected components, the
science of networks and network theory are important aspects of the
study of complex systems. Therefore, a method of multiple criteria
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multi-variant design of a project life is suitable for the analysis of com-
plex systems.

. A formalized presentation of the research shows how changes in the

project, organizational and external environment affect the extent to
which the goals pursued by various interested parties are satisfied, and
cause respective changes in the value and utility degree of a construc-
tion project management. With this in mind, it is possible to solve the
problem of optimization concerning the satisfaction of the clients, man-
agers and other stakeholders’ needs at reasonable expenditure rates.
This demands that the analysis of the construction project management
versions, allow for the determination of an optimal combination of
goals to be pursued and the available finances.

. The Construction Project Management Multiple Criteria Decision Sup-

port System was developed and based on the developed Model, com-
plex systems theory and analysis of the existing information, knowl-
edge, experts and decision support systems and in order to determine
the most efficient versions of construction project management. The
above System includes a database, a database management system, a
model-base, a model-base management system and a manager inter-
face.

. Complex databases of construction project management and its stages

were developed providing a comprehensive assessment of alternative
versions from technical, technological, organizational, managerial, eco-
nomic, qualitative, legal and other perspectives. Based on the above
complex databases, the developed decision support systems enabling
the user to analyze projects quantitatively (a system and subsystems of
criteria, units of measure, values and significances) and conceptually
(text, formula, schemes, graphs, diagrams, video tapes) were created.



General Conclusions

1. An analysis of global research shows that the existing intelligent sys-
tems do not perform the multi-variant design of construction project
management alternatives

2. An original integrated project management model is developed on the
basis of the complex systems theory and that of the multiple criteria
analysis models. Model includes the six stages: (1) comparative de-
scription of the integrated project management; (2) comparison of inte-
grated project management techniques; (3) multiple criteria analysis of
integrated project management’s components, selection of the most ef-
ficient version of project’s management life, (4) development of gen-
eral recommendations for improving the efficiency levels of construc-
tion man-agers and construction companies; (5) submission of
particular recommendations for construction managers and construction
companies; (6) transformational learning and redesigning the mental
and practical behaviors.

3. The employed knowledge management models and theories into the in-
tegrated project management model ensure its versatility.

127
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GENERAL CONCLUSIONS

. The integrated project management model has been verified in opera-

tional conditions and proved its adequacy, efficiency, id est. applicabil-
ity for practical usage.

. The performed investigations on the basis of developed model allowed

to identify and to describe the major worldwide construction project
management trends and subsequently to provide recommendations.

. The suggested systems and subsystems of criteria relating to a construc-

tion project management, being based on economic, technical, techno-
logical, managerial, qualitative, legislative, social and other factors can
be successfully serve as a basis for performing an analysis of the meth-
ods for management of construction projects.

. Complex systems theory that has been applied to the construction pro-

ject management model ensures its scientific validity.

. A formalized presentation of the research shows how changes in the

project, organizational and external environment affect the extent to
which the goals pursued by various interested parties are satisfied,
causes the respective changes in the value and utility degree of the con-
struction project management. Taking into account the reasonable ex-
penditure rates it is possible to solve the problem of optimization con-
cerning the satisfaction of the clients, managers and other stakeholders.
This demands that the analysis of the construction project management
versions allows for the determination of an optimal combination of
goals to be pursued compatible with the available finances.

. The created Construction Project Management Multiple Criteria Deci-

sion Support System being developed on the basis of complex systems
theory, that of developed Model and analysis of existing information,
knowledge, experts opinions and analysis of decision support systems
allow to determine the most efficient versions of construction project
management. This System includes: database, database management
system, model-base, model-base management system and manager in-
terface.
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