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Abstract

The dissertation examines the problem of students’ training and testing. To solve
the problem, new model, algorithms and system have been developed and
adapted. The developed system enables organizing of individual and group train-
ing and self-control process. Integrated intelligent search subsystem helps to de-
velop the study plan for the themes of interest. The system continuously moni-
tors the user and can respond to his failure.

The developed built environment computer learning subsystem performs
practical calculations to assess the built environment projects. The main problem
solved by development of the subsystem is reduction of time needed for users to
create their own systems. Knowledge database created during the system devel-
opment can be a good source of knowledge for new or similar projects evalua-
tions. Calculation results can be saved for further research or shared with other
users of the system.

The dissertation consists of Introduction, 4 Chapters, Conclusions, Refer-
ences, and List of Author’s Publications.

The introduction reveals the investigated problem, importance of the thesis
and the object of research and describes the purpose and tasks of the dissertation,
research methodology, scientific novelty, the practical significance of results
examined in the dissertation and defended statements. The introduction ends in
presenting the author’s publications on the subject of the defended dissertation,
offering the material of made presentations in conferences and defining the
structure of the dissertation.

Chapter 1 revises scientific literature. The world experience in development
of intelligent tutoring systems is analyzed. Also definitions of intelligent
tutoring systems and the built environment are provided.

Chapter 2 overviews the multi objective assessment methods and discusses
their integration into the overall system.

Chapter 3 presents the model of intelligent tutoring system for built envi-
ronment. All parts off developed system are reviewed including methods, sub-
models, algorithms and databases.

Chapter 4 presents three real life case studies that show practical application
results of the created system.

12 articles focusing on the subject of the discussed dissertation are pub-
lished: 7 articles — in the Thomson ISI Web of Science register and 5 articles —
in the proceedings in Thomson ISI data base. Patent “Electronic information
retrieval system and method” on behalf of VGTU was acquired. Patent No:
LT 5673.



Reziumeé

Disertacijoje nagrin¢jama studenty mokymo ir testavimo problema. Problemai
spresti buvo sukurti ir pritaikyti nauji modeliai, algoritmai ir sistema. Sukurta
sistema leidZia organizuoti individualy ir grupinj mokymo ir savikontrolés pro-
cesa. Integruota intelektiné paieSkos posistemé leidZia sudaryti dominancios
tematikos mokymosi plang. Sistema nuolat stebi vartotojg ir gali reaguoti | jo
mokymosi nesékmes.

Sukurta kompiuterinio mokymo posistemé, skirta statiniams ir jy aplinkai,
atlieka praktinj statiniy ir jy aplinkos projekty vertinimg. Pagrindiné iSspresta
problema kuriant posisteme yra laiko sanaudy mazinimas, kuriy reikéty kuriant
atskiras sistemas. Ziniy bazé, kuri buvo sudaryta kuriant sistemg gali tapti pa-
grindu naujiems ar panaSiems projektams vertinti. Skai¢iavimo rezultatai gali
biiti i§saugoti tolesniems tyrimams atlikti arba jais galima dalintis su kitais sis-
temos vartotojais.

Disertacija sudaro jvadas, keturi skyriai, rezultaty apibendrinimas, naudotos
literattros sarasas ir autoriaus publikacijy disertacijos tema sarasas.

Jvade aptariama tiriamoji problema, darbo aktualumas, aprasomas tyrimy
objektas, formuluojamas darbo tikslas bei uZdaviniai, apraSoma tyrimy metodi-
ka, darbo mokslinis naujumas, darbo rezultaty praktiné reikSme, ginamieji teigi-
niai. Jvado pabaigoje pristatomos disertacijos tema autoriaus paskelbtos publika-
cijos bei praneSimai konferencijose ir disertacijos struktiira.

Pirmame disertacijos skyriuje atliekama literatiiros apZvalga. Nagriné¢jama
pasauliné patirtis kuriant intelektines mokymo sistemas. Taip pat pateikiami in-
telektinés mokymo sistemos bei statiniy ir jy aplinkos apibréZimai.

Antrame skyriuje apZvelgiami daugiatiksliai vertinimo metodai, jy adapta-
vimo galimybés kuriamai intelektinei mokymo sistemai, skirtai statiniams ir jy
aplinkai.

Treciame skyriuje pristatomas intelektinés mokymo sistemos, skirtos stati-
niams ir jy aplinkai, modelis. ISsamiai nagrinéjami sistemos elementai — meto-
dai, submodeliai, algoritmai ir duomeny bazés.

Ketvirtame skyriuje atliekama trijy atvejy analizé, parodanti praktinius su-
kurtos sistemos taikymo rezultatus.

Disertacijos tema paskelbta 12 moksliniy straipsniy: 7 — mokslo leidiniuose,
jtrauktuose ; Thomson ISI Web of Science sarasa; 5 — konferencijy medziagose,
referuotose Thomson ISI duomeny bazéje. Taip pat VGTU vardu buvo gautas
patentas ,,Elektroninés informacijos paieSkos biidas ir sistema®. Patento Nr.: LT
5673.
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Notations

Symbols

a; — the j" alternative;

d;; — the normalized weighted alternative value;

m — the number of attributes;

n — the number of alternatives;

N; — the utility degree of the j™ alternative (COPRAS method);

g — the significance (weight) of the i criterion;

Q, — the efficiency index of the jIh alternative (COPRAS method);
S — the total square deviation;

S.; — the sum of maximizing attributes (COPRAS method);

S_j— the sum of minimizing attributes (COPRAS method);

S_min— the minimal sum of minimizing attributes (COPRAS method);
x; — the attribute value of the j" alternative.
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Abbreviations

AHP — Analytic Hierarchy Process;

ARAS — Additional Ratio Assessment;

COPRAS - A Method of Multiple Criteria Complex Proportional Evaluation;
DSS — Decision Support System;

ITSBE — Intelligent Tutoring System for Built Environment;

ITMOAS - Intelligent Tutoring and Multi Objective Assessment System;

KDSS-CPM - Knowledge Based Decision Support System for Construction
Projects Management;

MOA — Multi Objective Assessment;

MOAS — Multi Objective Assessment Subsystem;

SAW - Simple Additive Weighting;

TOPSIS - Technique for Order Preference by Similarity to an Ideal Solution.
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Introduction

The Investigated Problem

The investigation problem is to determinate the possibility to use up to date
intelligent tutoring model in real life student’s learning process and to adopt it
for the field of built environment. Currently there are many systems that ensure
the training process; indeed they don’t integrate all the elements to ensure a
complete learning process from the initial assessment of knowledge to practical
applications. Traditionally, student seeking to gain knowledge in the field of the
built environment has to monitor his own academic performance and only dur-
ing intermediate assessment he is able to evaluate his knowledge. In order to
solve this problem, the new system is needed to be developed, able not only to
present course materials but also to assess the student’s initial level of knowl-
edge and learning efficiency. Practical knowledge application is the essential
condition for consolidation of knowledge, for that reason system is needed al-
lowing the management of the built environment projects’ evaluations through
the best world experience templates. Currently it is a slow and tedious process of
using the Excel type programs.

Nowadays personalized training and testing problem is also important. In
order to improve the quality of tutoring, the next generation of the systems
should take into account a number of personalized parameters (curiosity, stress
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and preferred learning difficulty levels) that are appropriate for assessment and
can be adapted in order to increase absorption of knowledge.

Importance of the Thesis

Recently the knowledge and information flows reached unprecedented heights
so far and this situation demands new methods to be developed to allow arrang-
ing priority of tutoring better. Lifelong learning concept provides continuous
updating of the existing knowledge and ability to get the new one. The next gen-
eration tutoring systems should not only be able to provide study material, but
also take into account individual student’s needs. Special attention is given to
the field of build environment and for this purpose specialized expert knowledge
base and computer learning system is developed.

The Object of Research

The main object of research is intelligent tutoring process adapted for the field
of built environment.

The Goal of the Thesis

The main goal of the thesis is to develop the Intelligent Tutoring System for
Built Environment model and system.

The Tasks of the Thesis

In order to reach the goal, the following tasks must be solved:

1. To review research studies of scientists from various countries in the
field of the intelligent tutoring systems with special emphasis on the
field of built environment.

2. To develop methods for adaptive and personalized learning and testing
process.

3. To develop personalized information gathering method and subsystem.

4. To develop methods that allow to perform homeworks, course projects
and final works in the field of built environment.
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Research Methodology

Following algorithms and methods were used during research process: compara-
tive analysis of scientific literature, experimental method, multi objective as-
sessment methods, comparative analysis, knowledge reuse and transformation,
research generalization, logic and synthesis methods.

Importance of Scientific Novelty

Preparation of the thesis revealed the following new results:

1. A new Intelligent Tutoring System for Built Environment model and
system was developed and practically applied.

2. Methods for adaptive and personalized learning and testing process were
developed and practically applied.

3. Personalized information gathering method and subsystem was devel-
oped and practically applied.

4. Methods that allow to perform homeworks, course projects and final
works in the field of built environment were developed and practically
applied.

Practical Significance of Achieved Results

The created Intelligent Tutoring System for Built Environment (ITSBE) can be
used in learning process. Created ITSBE can be reused in different fields where
tutoring is needed. Part of created subsystems and algorithms were implemented
in real life projects: IDES-EDU, BELL CURVE, LARGE, EURASIA.

The defended statements

1. Extended Intelligent Tutoring System model can be successfully used
for learning process in the field of built environment.

2. Proposed Intelligent Learning System for Built Environment is able to
cover all stages of learning process from primary knowledge assessment
to practical knowledge application.
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Approval of the Results

The main statements of the dissertation were published in 12 scientific articles: 7
with Science Citation Index Expanded (accessed via Web of Science) (Kak-
lauskas et al. 2010a, 2011a, 2012, 2013; Kanapeckiené et al. 2010; Tupénaité et
al. 2010; Urbanaviciené ef al. 2009) and 5 — in the proceedings in Thomson ISI
database (Kaklauskas et al. 2007b, 2008c, 2009a, 2009b; Zavadskas et al.
2008c), 1 Lithuanian patent No: LT 5673 on behalf of VGTU was acquired.

Dissertation Structure

The dissertation consists of Introduction, 4 Chapters, Conclusions, References,
List of Publications. The structure of the dissertation is presented in Figure 1.

The volume of the dissertation is 117 pages, 26 numbered formulas are
used, 73 figures and 22 tables. 140 literature sources have been used while writ-
ing the dissertation.

Introduction

The Investigated Problem: Importance of the Thesis: The Object of Research: The Goal of the Thesis:
The Tasks of the Thesis: Research Methodology: Importance of Scientific Novelty: Practical
Significance of Achieved Results: The defended statements: Approval of the Results: Dissertation

Structure
Chapter 1
Review of Intelligent Tutoring Systems for Built Environment

Introduction to Intelligent Tutoring Systems
Intelligent Tutoring System: the Scope and Definition
Built Environment: the Scope and Definition

Review of Decision Support Systems

Self Assessment

Intelligent Library

Conclusions for Chapter 1

¥

Chapter 2
Review of the Multi Objective Assessment Methods

Review of Multi Objective Methods
‘The Determination of the Significance and Priority of Alternatives in Five Stages
A Method of Multiple Criteria Multivariant Design

A Method of Defining the Utility and Market Value of a Property

Conclusions of Chaper 2

Chapter 3
Intelligent Tutoring System for Built Environment

Composition of Intelligent Tutoring System for Built Environment
Expert Knowledge Subsystem Submodel
Student Subsystem Submodel
Tutoring Subsystem Submodel
Built Environment Computer Learning Subsystem Submodel
Conclusions for Chapter 3

»

Chapter 4
Intelligent Tutoring Systems for Built Environment Practical Realization

Case study of student learning process by using intelligent library and Intelligent scarch subsystems
Case study of student self-tests and examinatio 55 by using intelligent tutoring subsystem
Case study of Built Environment Projects Alternatives Evaluation

Conclusions for Chapter 4

E 3

‘ General Conclusions

Fig. 1. The structure of the doctoral thesis



Review of Intelligent Tutoring
Systems for Built Environment

In this chapter the scope and definitions of the intelligent tutoring system and the
built environment are presented. Up to date models and systems in this field are
described.

1.1. Introduction to Intelligent Tutoring Systems

In our days it is hardly to find place where computer based learning system can-
not be found. A lot of scientists are working on new methods and algorithms for
new Intelligent Tutoring Systems (further — ITSs). Tutoring systems use
personal computers and mobile devices to give additional opportunities for on-
line education, giving students not only teaching place freedom, but additionally
leading them through all day in this way providing additional information for
system.

Intelligent Tutoring Systems extend traditional content-delivery computer-
ised learning systems by adding intelligence to improve the effectiveness of a
learner’s experience (Brusilovsky and Peylo 2003). This normally involves per-
sonalised tutoring by using factors such as learner’s knowledge, emotion or



6 1. REVIEW OF INTELLIGENT TUTORING SYSTEMS FOR BUILT ENVIRONMENT

learning style to alter the sequence and style of learning material. Students’ emo-
tions have been proven to influence cognitive processes, motivation and perfor-
mance (Pekrun et al. 2007). Traditionally ITSs adapt to existing student’s
knowledge but more recently factors that affect learner have been incorporated,
such as emotion (Ammar et al. 2010), personality (Leontidis and Halatsis 2009)
and learning style (Popescu 2010).

An important form of student-tutor interaction is feedback (Gutierrez and
Atkinson 2011). Negative feedback can be provided by the tutor in response to
students mistakes. An effective use of negative feedback can help the student to
correct a mistake and prevent him/her from repeating the same or a similar mis-
take again, effectively providing a learning opportunity to the student.

ITS enables students to practice their skills by carrying out tasks within
highly interactive tutoring environments. Unlike other computer-based training
technologies, ITSs assess each learner’s actions within these interactive envi-
ronments and develop a model of their knowledge, skills, and expertise. Based
on collected learners’ data system provides explanations, hints, examples, and
practice problems as needed.

1.2. Intelligent Tutoring System: the Scope and
Definition

The popularity of intelligent tutoring systems is increasing since they were dis-
covered in the sixth decade of the twentieth century as it shows the increasing
amount of scientific publications in globally recognized journals and scientific
conferences (Tong and Angelides 2000; Hatzilygeroudis and Prentzas 2004;
Litman and Forbes-Riley 2006; Stankov et al. 2008; Mao and Li 2010; Giinel
and Asliyan 2010; Escudero and Fuentes 2010; D'Mello ef al. 2012; Ben Ammar
et al. 2010; Sarrafzadeh et al. 2008; Siemer and Angelides 1998; Anderson
2012; Jeremi¢ et al. 2012).

Supporters of artificial intelligence as Allen Newell (Newell 1956), John
McCarthy (McCarthy 1959), Marvin Minsky (Minsky 1981) and Alan Turing
(Kapetanios 2008) thought that new faster computers could think as humans and
act independently or following the instructions (Urban-Lurain 2010). After the
Second World War variety of military industry technologies were developed in
order to win the Cold War. Systems having artificial intelligence could help. At
the same time the problem how to educate and to prepare for work specialists in
military education institutions was being solved (Urban-Lurain 2010). In this
way computer assisted instructional systems appeared. These systems were ded-
icated to specialized knowledge areas and were able to observe the accuracy of
answers and overall progress of student (Uhr 1969).
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The main problem in creating of tutoring systems was high time and equip-
ment consumption. These systems didn’t evaluate learning process by itself as
well as knowledge absorption process (Suppes 1967; Uhr 1969).

Sleeman and Brown (1982) in their review of tutoring systems were first
who used the term “Intelligent tutoring system”. They classified the existing
ITSs as being computer-based, problem-solving monitors, coaches, laboratory
instructors, and consultants (Urban-Lurain 2010). When the recognized ITS
model started to form, the domain of its elements appeared (Nwana 1990) (Fig.
1.1).

Computer
science

Psychology
(cognition)

Cognitive

Education and training J
science

Fig. 1.1. Intelligent tutoring system domain (Nwana 1990)

The key to success was conjunction of three disciplines. Famous
psychologists of this period as John Anderson joined this area in order apply
their methods in ITS systems (Nwana 1990). Nwana (1990) in his review pro-
vided wholly designed ITS architecture which is the basis for many modern sys-
tems (see Fig. 1.2).

Association for the Advancement of Artificial Intelligence (AAAI) defined
ITS as: “Intelligent tutoring system is educational software containing an artifi-
cial intelligence component. The software tracks students’ work, tailoring feed-
back and hints along the way.
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Student
model
module

Expert
Knowledge
module

Tutoring
module

User interface
module

Fig. 1.2. General intelligent tutoring system architecture (Nwana 1990)

By collecting information on a particular student’s performance, the soft-
ware can make inferences about strengths and weaknesses, and can suggest addi-
tional work”.

1.3. Built Environment: the Scope and Definition

Research shows that various scientists have achieved deep insights into different
and very important areas of intelligent built environments: structures and mate-
rials (Barlow 1969), smart streets (Broderick 2006), smart locks (Collinson
1995), dust (Essex 2003), lighting (Guillemin 2001) and heating (Kummert et al.
2001), intelligent tutoring system (Kaklauskas et al. 2006e), clothing (Lam Po
Tang and Stylios 2006), health (Kohnle and Wolf 2007), multimedia service sys-
tems (Park et al. 2005), materials (Schacht 2004), antenna (Staedter 2003), ener-
gy (Wood and Newborough 2007), evaluation of the intelligent building systems
(Wong et al. 2008), modelling temperatures (Rios-Moreno et al. 2007), multiple
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criteria lifespan energy efficiency assessments (Chen et al. 2006), intelligent
mechanical systems (Nishioka et al. 2000), total sustainability in built environ-
ments (Kua and Lee 2002), renewable building energy systems (Omer 2008),
comparative impact of passive design strategies and active features in hot cli-
mates (Ochoa and Capeluto 2008), evaluation of intelligent buildings based on
the level of service system integrations (Arkin and Paciuk 1997), standard com-
munication infrastructures (Bushby 1997), voice recognition technology, sen-
sors, and user interface improvements.

There is a growing demand for various above-mentioned solutions of intel-
ligent built environments and studies are being performed in this area. For ex-
ample, Chen et al. (2006) present a multiple criteria decision-making model for
lifespan energy efficiency assessments of intelligent buildings. Nishioka et al.
(2000) describe the measurements and evaluation of indoor thermal environ-
ments in a large domed stadium. Omer (2008) analyses renewable building
energy systems and passive human comfort solutions. Ochoa and Capeluto
(2008) describe the comparative impact of passive design strategies and their
active features in a hot climate. Kua and Lee (2002) propose a methodology for
the promotion of total sustainability in a built environment. According to au-
thors, barriers to the promotion and acceptance of intelligent buildings, and even
practices, can generally be grouped as being caused by the lack of: financial re-
sources and confidence to use new and “untested” technologies; professional
capacity to incorporate and manage intelligent technologies; knowledge of de-
velopers and owners about the environmental impact of inefficient buildings;
and information on opportunities granted by intelligent technologies. Authors
believe that in order to overcome these barriers, different forms of information
should be created and shared among the concerned parties, i.e. architects, build-
ing scientists, engineers, conservators, material and equipment suppliers, manu-
facturers, service and maintenance professionals, marketing professionals, ad-
vertising agencies, project developers, owners, and policy-makers.

Several scientists are involved in the modelling of different elements of an
intelligent built environment. Rios-Moreno et al. (2007) are modelling tempera-
ture in intelligent buildings by means of autoregressive models. Outside air tem-
perature, global solar radiation flux, outside air relative humidity and air velocity
were used as the input variables. Only a few researchers are trying to perform an
integrated analysis of an intelligent built environment. For example, Wong et al.
(2008) promote and enhance the understanding of key intelligent indicators, and
set the foundation for a systematic framework which can be used for appraising
the system intelligence of various intelligent building systems. The key intelli-
gent indicators provide developers and building stakeholders with a consolidated
inclusive tool for the system intelligence evaluation of the proposed components
in design configurations.
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An overview of literature (completed by Wong et al. 2005) related to intel-
ligent building research and indicates that previous research efforts dealt mainly
with three research streams, including advanced/innovative technology, perfor-
mance evaluation methodologies and investment evaluation analysis. According
to Wong et al. (2005) there is a growing demand for tools to support intelligent
decision-making for building investments. Wong et al. (2005) believe that de-
spite the above-mentioned three research streams there is still a lack of a gener-
ally accepted tool for supporting intelligent decision-making for building in-
vestments.

It must be noted that researchers from various countries engaged in the
analysis of intelligent built environment do not consider an intelligent built envi-
ronment, the parties involved in its design and implementation, as well as the
micro and macro environments that make a particular impact on the intelligent
built environment.

The methods and models developed by many authors do not analyse the
stakeholder groups (architects, building scientists, engineers, conservators, ma-
terial and equipment suppliers, manufacturers, service, maintenance profession-
als, marketing professionals, advertising agencies, project developers, owners,
policy-makers), the intelligent built environment and the influencing micro and
macro factors (social, economic, technological, natural) as an integrated whole.
All around the world, only separate elements of built environment were analysed
and evaluated in one form or another (structures and materials (Barton 1997),
smart streets (Broderick 2006), smart locks (Collinson 1995), lighting (Guille-
min and Morel 2001) and heating (Kummert et al. 2001), intelligent tutoring
system (Kaklauskas er al. 1998, 2006¢), clothing (Lam Po Tang and Stylios
2006), health (Kohnle and Wolff 2007; Kleinberger et al. 2007), multimedia
service systems (Park et al. 2005), energy (Wood and Newborough 2007; Nick
and Becker 2007), infrastructures (Bushby 1997), etc.) considering perspectives
of different stakeholders. Besides, the global practice has not yet seen scientists
making attempts on electronic development of possible alternatives of intelligent
built environment, their assessment is based on numerous criteria and selection
of the most rational variants for certain stakeholders.

A complex analysis of the above-mentioned research objects was made with
the help of new methods for completing a multiple criteria project analysis and
was specially developed by Kaklauskas et al. (2010b) for this purpose.

The formalized Model for Complex Analysis of Intelligent Built Environ-
ment and Multiple Criteria Decision Support System of Intelligent Built Envi-
ronment developed by Kaklauskas et al. (2010b) shows how changes in the
project alternatives and the extent to which the goals of various stakeholders are
satisfied cause respective changes in the value and utility degree of a project (see
Fig. 1.3).
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Considering the evolution of built environment definitions it can be con-
cluded that the built environment is not constructed in empty place and relates to
people in positive or even negative ways; on the other hand, built environment is
directly affected by people (Tupénaité 2010). During the built environment life
cycle — brief, designing, construction, maintenance, facility management, reno-
vation, demolition and utilization — buildings are also affected by various micro,

meso and macro level factors.

Tupénaite (2010b) summarized the definitions of built environment (see

Table 1.1).

Table 1.1. Definitions of built environment (Tupénaité 2010)

Author

Definition

Lawrence and Low (1990)

Built environment — the result of a process of
social construction.

Crowe (1997),
Moffatt and Kohler (2008)

Man made surroundings that provide the setting
for human activity, ranging from the large-scale
civic surroundings to the personal places.

Gaining... (2003)
Bartuska et al. (2007)

Built environment relates to four interrelated
characteristics and seven interrelated compo-
nents: products, interiors, structures, landscapes,
cities, regions, and the Earth.

Moffat and Kohler (2008)

Built environment as social — ecological system.
The nested hierarchy grows from the building
footprint or parcel, through block, cluster,
neighbourhood, city and region.

Glanz and Kegler (2007)

The built environment consists of the neighbor-
hoods, roads, buildings, food sources, and recr-
eational facilities: the places in which human
live, work, are educated, eat and play.

Sarkis et al. (2008)

The built environment addresses all buildings,
housing, infrastructures, fixed equipment and
communities. It also includes the infrastructural
elements such as waste management, transpor-
tation and utility transmission systems put in
place to serve building space.

Mallak ef al. (2003)

Human — made spaces where they live and work
in.

Wood (2006),
Kaklauskas and Zavadskas (2009)

Environment in which buildings relate to
people, and vice versa.
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Tupénaité (2010) also proposed Conceptual Model for the Integrated Analy-
sis of a Built and Human Environment Renovation (see Fig. 1.4).

BUILT AND HUMAN ENVIRONMENT
(all buildings. infrastructure, cultural heritage. ete.)

[ e e e e e S
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Fig. 1.4. Conceptual model for the integrated analysis of a built and human
environment renovation (Tupénaité er al. 2011)

The main purpose of this model is to improve the condition of the built and
human environment through efficient decision-making in renovation supported
by multi objective assessment methods, considering all macro, meso and micro
environment factors as well as stakeholders’ needs.

The model consists of the following elements:

e macro environment factors affecting built and human environment

renovation;

e meso environment factors affecting built and human environment
renovation;

e micro environment factors affecting built and human environment
renovation;

e stakeholders participating in the renovation process;
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e renovation cycle, consisting of four phases: information collection
and analysis, decision modelling, solution selection and implemen-
tation.

1.4. Review of Decision Support Systems

In recent decades, the scenario of construction projects has become more com-
plicated, dynamic and interactive. Project managers are constantly required to
speed up reflective decision-makings on time. Knowledge, therefore, is noted to
be one of the most important resources contributing to managerial decision-
making and enhancing the competitive advantage of organisations carrying out
such projects (Baniasa et al. 2011; DolSak and Novak 2011; Carrillo 2004; Non-
aka and Takeuchi 1995; Ruiz et al. 2012, Saa et al. 2012, Kanapeckiené et al.
2011).

The construction industry is a workplace that is dominated by heuristics.
Construction companies and their personnel prefer to carry out their project
management tasks on the basis of their past experiences rather than on a text-
book approach or established analytical approaches (Magsood et al. 2006). In-
deed the costs of attracting, recruiting and retaining talented employees are ex-
pensive. This is further complicated by the fact that, in coming years, the
construction industry is expected to lose a large portion of its skilled and know-
ledgeable workforce. Conversely, there is no single strategy in place to handle
the construction management problems that arise. One of the most effective and
powerful tools for strengthening industrial and organisational competition is
through systematic identification, as per the best practice of knowledge utilisa-
tion and distribution (Bahra 2001; Kamara et al. 2002).

Knowledge has been described as information which has been used and in-
tegrated with a person’s knowledge-based experience and behavioural patterns
(DeTienne and Jensen 2001). Individuals have different knowledge-based capac-
ities and experiences, and these lead to different approaches for problem-solving
and decision-making. Knowledge and experience are significant when choosing
a construction project manager (Ogunlana et al. 2002). Therefore project man-
agers must be capable of knowing how to use, manage and utilise such know-
ledge.

A traditional practice in project management is to analyse alternatives based
on economic, legal/regulatory, technical, technological, organisational and ma-
nagerial approaches. Social, cultural, ethical, psychological and educational as-
pects of project management are less important. In order to make an integrated
analysis of a project management life cycle, such a cycle must be analysed in an
integrated manner using the system of criteria (Fig. 1.5).
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Fig. 1.5. Construction project management aspects (Kanapeckiené et al. 2010)

The analysis of works and published articles by various scientists shows the
tendency to select a single, narrow knowledge management area (e.g., personnel
management, management of a single project phase and such). Only a few scien-
tists attempted an integrated analysis of knowledge management in construction.
Thus there is a need to have an integrated analysis of knowledge management in
the construction sector that takes into account the entire life cycle and not only
emphases explicit but also tacit knowledge as well as considers all stakeholder
groups and the satisfaction of their needs.

The integrated knowledge management model developed by Kanapeckiené
et al. (2010) is shown in Fig. 1.6.

The effectiveness of the integrated knowledge management model which is
under development depends on the combined effect of macro-level variable fac-
tors such as the level of economic, political and cultural development of a coun-
try; governmental policies (regional support programmes, control of competi-
tion, preferential loans, tax exemptions, projects commissioned by the
government); legal and normative documents; the tax system; the loan granting
procedure; interest rates; insurance systems; the social policy; inflation; the mar-
ket; unemployment level; workforce skills; salary scales; labour laws; environ-
ment protection; customs and traditions; availability of local resources and oth-
ers.

The national economic environment has a direct influence on construction.
It depends on the policies by national authorities on taxes and money, capital
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movement, the investment environment, loan granting and interest rates.
Demand, supply, competition, pricing and other economic factors determine the
economic environment as well. The main economic indicators which define
economic development are the cyclical nature of development, inflation and
unemployment. These affect changes in other indicators (GDP variation,
consumer income, amount of savings, prices of goods, possibilities to get loans).

The social and cultural environment includes institutions and other factors
which help to shape and perceive the main social values, views and behavioural
standards. A human personality matures in a certain society which determines
his/her main values and beliefs.
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Fig. 1.6. Integrated knowledge management model for construction projects
(Kanapeckien¢ et al. 2010)

The political and legal environment has a direct influence on the
construction market. The political and legal environment consists of the political
system, legal acts and ownership rights. The political and legal environment is
affected by national and public agencies and organisations, as well as by other
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stakeholder groups. Business is especially sensitive to the degree of bureaucracy
in the system. The complex process related to issuing building permits may be
taken as an example.

The technological environment relates to new technology opening paths for
new markets and new opportunities. The technological environment changes
rapidly. Companies which fail to foresee a technological change in advance and
keep up with it are forced out of the market. Life cycles of technologies are
shrinking.

The natural environment and energy saving involve a certain natural
environment in which the construction and real estate sector functions thereby
affecting it and being affected by it. The natural environment supplies this sector
with raw materials and resources. The Lithuanian industry of construction
materials and products consumes most of the electricity and other types of
energy (except for the energy industry).

Low-energy technology use in construction not only will reduce emissions
of pollutants which cause the greenhouse effect but also the overall building life
cycle costs. Transportation and management of debris demands additional
expenses on the part of construction organisations and the state.

Meso-economic analysis is the systematic analysis of the construction and
real estate sector in which both private and state organisations operate.

Basing on the discussed model, the Knowledge based Decision Support
System for Construction Projects Management (KDSS-CPM) was developed
(see Fig. 1.7).

‘ Decision maker ‘

4

‘ User interface ‘

‘ Database Managment Subsystem ‘ ‘ Model-base Management Subsystem ‘
Databases: Model-bases:
e initial data tables; e amodel for developing the alternative variants
o tablesassessing construction project solutions; of a construction project;
e tablesof a multivariant design. e amodel for determining the initial weights of the

criteria (with the use of expert methods);

e amodel for criteria weight establishment;

o amodel for the multivariant design of a
construction project;

e amodel for multiple criteria analysis and setting
priorities;

e amodel for determining project utility degree;

o amodel for providing recommendations.

Fig. 1.7 Components of the knowledge based decision support system for
construction projects management (Kanapeckiené er al. 2010)
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The KDSS-CPM database management system allows users to analyse the
scenarios of construction processes by taking into account the system of criteria.

The analysis of database structures according to the type of problem solved
reveals their various utilities. There are three basic types of database structures:
hierarchical, network and relational. The KDSS-CPM system has a relational
database structure when 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’s external memory as a separate file. Logically linked
parts of a table comprise a relational model. The following tables form the
KDSS-CPM database:

e Initial data tables;
e tables assessing construction project solutions;
¢ tables of a multi-variant design.

A module base allows the KDSS-CPM’s user to select the most suitable
construction alternatives by comparing the measures that promote the greatest
value to all interested bodies and organisations.

Since the efficiency of a construction project variant is often determined by
taking into account organisational, management, technological, economic, tech-
nical, legal, social and other factors, a model-base of a KDSS-CPM should in-
clude models enabling a decision maker to perform a comprehensive analysis of
the variants available and make a proper choice. The following models of mod-
el-base are aimed to perform this function:

¢ a model for developing the alternative variants of a construction project;

e a model for determining the initial weights of the criteria (with the use
of expert methods);

e a model for criteria weight establishment;

¢ a model for the multi-variant design of a construction project;

e a model for multiple criteria analysis and setting priorities;

¢ a model for determining project utility degree;

¢ a model for providing recommendations.

As example, two models (a model for multiple criteria analysis and setting
priorities and a model for determining project utility degree) are described fur-
ther. A model for multiple criteria analysis and setting priorities performs the
multiple criteria analysis of construction project alternatives and sets project
priorities based on the weighted criteria and tacit and explicit knowledge. The
model for determining the project utility degree sets the utility degree for each
analysed project. The Complex Proportional Assessment method (COPRAS)
(Zavadskas and Kaklauskas 1999; Kaklauskas 1999) is used for these purposes.
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1.5. Self-Assessment

Various methodologies (Big Five Factors and Five Factor Model, intelligence
quotient tests, self-assessment) are employed to predict a student’s academic
motivation, achievement and academic attainments. However, in the opinions of
academics and practitioners alike, more than merely a student’s personal
attributes affects that student’s advancement. Rutter and Maughan (2002) hold
the opinion that the quality of a school makes a significant difference on a stu-
dent’s progress. A concise analysis of each of these methodologies follows.

A number of academics in the world (Komarraju et al. 2009; Noftle and
Robins 2007) analyzed the role of the Big Five Factors (Openness, Conscien-
tiousness, Extraversion, Agreeableness and Neuroticism) for predicting the aca-
demic motivation, achievement and academic attainment of students.

Noftle and Robins (2007) examined the relationships between the Big Five
personality traits and academic attainments, specifically SAT scores and grade-
point averages (GPA). Openness was the strongest predictor of SAT verbal
scores, and Conscientiousness was the strongest predictor of GPAs both at the
high school and college levels. These relationships replicated across four inde-
pendent samples and across four different personality inventories. Further ana-
lyses showed that Conscientiousness predicted college GPA, even after control-
ling for secondary school GPA and SAT scores and that increased academic
effort and higher levels of perceived academic ability intervened both concur-
rently and longitudinally in the relationship between Conscientiousness and col-
lege GPA (Noftle and Robins 2007).

Komarraju et al. (2009) analysed the role of the Big Five personality traits
for predicting academic motivation and achievements among college students.
College undergraduates (308 students) completed the Five Factor Inventory and
the Academic Motivations Scale and reported their college grade point average
(GPA). A correlation analysis reveals an interesting pattern of significant rela-
tionships. Further four personality traits (Conscientiousness, Openness, Neuro-
ticism and Agreeableness) explain 14% of the variances in GPA, and an intrinsic
motivation for accomplishment explained 5% of the variances in GPA. Finally
Conscientiousness emerges as a partial mediator of the relationship between in-
trinsic motivation to accomplish and GPA. These results are interpreted in the
context of what educators can do to encourage and nurture student motivation
and achievement (Komarraju et al. 2009).

Although 1Q scores are good predictors of academic achievement in ele-
mentary and secondary school, the correspondence between IQ and academic
performance is less consistent at higher levels of education, and many have
questioned the ability of IQ tests to predict success later in life. The tests don’t
measure many of the qualities necessary for achievement in the world of work,
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such as persistence, self-confidence, motivation, and interpersonal skills, or the
ability to set priorities and to allocate one’s time and effort efficiently. In addi-
tion, the creativity and intuition responsible for great achievements in both
science and the arts are not reflected by IQ tests. As education progresses, other
factors (motivation, opportunity, organisation, background, intelligence, teach-
ing) come into play, such that the limits are determined by the strength of the
weakest link in the chain.

Self-assessment in an educational setting involves students making
judgments about their own work. Students can make assessment decisions re-
garding their own essays, reports, projects, presentations, performances, disser-
tations and even exams. Self-assessment can be extremely valuable in helping
students critique their own work and form judgments about its strengths and
weaknesses. For obvious reasons, self-assessment is usually employed as part of
a formative assessment rather than a summative process which requires certifica-
tion by others. Academics and practitioners (Austin et al. 2008; Ballantine et al.
2007; Sundstrom 2008; Sung et al. 2009; Zimmerman and Kitsantas 2007) per-
formed tests on self-assessment in an educational setting with groups of various
ages (teenagers, college students, adults and such) in various areas (schools, uni-
versities, workplaces).

Many academics are seeking to diversify assessment tasks, broaden the
range of skills assessed and provide students with more timely and informative
feedback on their progress. Others wish to meet student expectations for more
flexible delivery and to generate efficiencies in assessment that can ease aca-
demic staff workloads. As more students seek flexibility in their courses, it
seems inevitable that there will be growing expectations for flexible assessment
as well.

Numerous studies have been conducted worldwide which analyse the relia-
bility of self-assessment. There are many controversial opinions on this issue.
For example, in the opinion of Matsuno (2009), a number of researchers have
reported high correlations between student- and teacher-assessments, while other
studies have shown low correlations between them. Despite meta-analyses of
self-assessment in higher education deeming that students will be able to self-
assess accurately, the reported correlations between self and tutor evaluations
within medical PBL programs are uniformly low (Papinczak et al. 2007). A
great many researchers (AlFallay 2004; Braak 2004; Fitzgerald et al. 2003;
Marsh et al. 1979; Mynttinen et al. 2009; Sung et al. 2005; Xiao and Lucking
2008) reached reliable results proving that the reliability of self-assessment is
sufficient. Several examples of such research are further presented.

Xiao and Lucking (2008) examined the validity and reliability of student
generated assessment scores. Two hundred and thirty two, predominantly under-
graduate students were selected by convenience sampling during the fall seme-
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ster of 2007. The findings indicate that the validity and reliability of student
generated rating scores were extremely high.

AlFallay (2004) investigates the role of some selected psychological and
personality traits of learners of English as a foreign language for accuracy in
their self- and peer-assessments. AlFallay (2004) obtained high reliability indic-
es similar to those reported in the literature. The study also shows that long pe-
riods of practice and sufficient feedback have a positive effect on the accuracy
of assessments. Finally the study demonstrates that students with low self-
esteem are the most accurate in assessing their performance, whereas learners
with instrumental motivation are the least accurate.

Although studies have examined the abilities of medical students to self-
assess their performance, there are few longitudinal studies that document the
stability of self-assessment accuracy over time (Fitzgerald et al. 2003).

Ballantine et al. (2007) examined the reliability of self-assessment as an in-
dicator of students’ knowledge across a variety of disciplines. As per the opi-
nions of Ballantine ef al. (2007), an agreement between self-evaluation and al-
ternative measures of assessment has been reported in a number of studies.

Sung et al. (2005) describe the web-based self- and peer-assessments sys-
tem. They show that significant consistency is found between the results of stu-
dent self- and peer-assessments and the results of teacher assessments.

Marsh et al. (1979) analysed a comparison of faculty self-evaluations and
the evaluations by their students. Considerable student — faculty agreement was
found when 83 college courses were evaluated. Separate factor analyses indi-
cated similar dimensions in both student and faculty evaluations. Validity coef-
ficients were significant for all evaluation factors. Mean differences between
student and faculty ratings were low, and the two groups agreed on the beha-
viours most descriptive of the faculty (Marsh ef al. 1979).

Mynttinen et al. (2009) examined overconfidence among novice drivers by
comparing their self-assessed driver competence with the assessments made by
driving examiners. A Finnish (n = 2739) and a Dutch sample (n = 239) of driv-
er’s license candidates assessed their driver competence in six areas and then
took the driving test. In contrast to previous studies where drivers assessed their
skills in comparison to an average driver, a smaller proportion overestimated and
a larger proportion made realistic self-assessments of their driver competence in
the present study, where self-assessments were compared with examiner assess-
ments. Between 40% and 50% of the candidates in both samples made realistic
assessments, and 30-40% overestimated their competence.

Ballantine et al. (2007) evaluate the reliability of self-assessment as a meas-
ure of computer competence. The scores achieved by students in self-assessed
computer competence tests are compared with scores achieved in objective tests
to evaluate the reliability of self-assessed computer competence. The results re-
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veal a statistically significant over-estimation of computer competence among
the surveyed students.

Braak (2004) analysed the self-perceived computer competence of universi-
ty students. Questionnaires were administered to two samples of first-year uni-
versity students in psychology and education. The results indicated a high corre-
lation between the two scales of computer competence.

The System developed by the author of this thesis is also based on the same
presumption that, by assigning questions to students in accordance with some
certain methodology (entirely unrelated with the contents of the exam) and then
processing them in accordance with a certain algorithm, it is possible to deter-
mine a student’s level of knowledge rather accurately. In other words, internally
a student senses the rating that his/her knowledge is worth. The existing expe-
rience, intuition and analysis of the learning process give students a rather accu-
rate indication of what mark they can expect to get during the exam.

1.6. Intelligent Library

Information contained in servers and user computers is constantly enlarging. As
the capacity of stored information enlarges, it becomes more and more difficult
to identify required materials. In other words, a problem with retrieval effective-
ness is encountered.

Most advanced e-libraries select, organize, retrieve, and transmit tacit and
explicit knowledge. Different reports contain explicit criticisms of the libraries’
focus on their specific collections and recommendations to focus more on the
user’s needs. There is a need to overpass key limitations in the development of
traditional libraries, i.e. libraries which have been developed for particular con-
tent and a specific group of learners. Thus, it is expected future libraries to be-
come a practical knowledge storehouse, offering intelligent opportunities for
users (Kaklauskas et al. 2007b).

Search engine rankings have been adopted in most advanced intelligent li-
braries (Alexandrov et al. 2003; Gutwin et al. 1999; Hsinchun ef al. 1998; Kak-
lauskas et al. 2006¢c; Ruch et al. 2007; Trnkoczy et al. 2006; Wang 2003) and
tutoring systems (Armani et al. 2010; Brusilovsky 2000; Day et al. 2005; Lu-
cence 2010; Pouliquen et al. 2005). As part of the on-going Illinois Digital Li-
brary Initiative project, research proposes an intelligent personal spider (agent)
approach to Internet searching, which is grounded on automatic textual analysis,
general-purpose searches and genetic algorithms (Hsinchun et al. 1998). Pouli-
quen et al. (2005) use parsing techniques to extract information from texts, and
provide a proper semantic indexation that is used by a medical-specific search
engine. Day et al. (2005) use the Jakarta Lucene full-text indexer to index full-
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texts of textbooks. Jakarta Lucene is a high-performance, fully-featured text
search engine library written entirely in Java. Its technology is suitable for near-
ly all applications that require full-text searches. ITA (Intelligent Tutoring
Agent) (Pouliquen et al. 2005) index chapters, sections, and subsections of text-
books. Highlighters are used to highlight the index context. Finally, the ITA
provides reading recommendations for students via a chapter similarity function.
However, intelligent libraries (Alexandrov et al. 2003; Gutwin et al. 1999; Hsin-
chun et al. 1998; Kaklauskas et al. 2006c; Ruch et al. 2007; Trnkoczy et al.
2006; Wang 2003) and intelligent tutoring systems (Armani et al. 2010; Brusi-
lovsky and Peylo 2000; Day et al. 2005; Lucence 2010; Pouliquen et al. 2005)
with search engine rankings cannot select chapters (sections, paragraphs) of spe-
cific texts, which are the most relevant to a student, cannot integrate the chapters
(sections, paragraphs) of specific texts into learner specific alternatives of teach-
ing material and cannot select the most rational alternative, i.e. cannot develop
alternatives of training materials, perform multiple criteria analysis and automat-
ically select the most effective variant. However, the proposed Intelligent Li-
brary Subsystem and Tutoring System can perform the afore-mentioned func-
tions. To the best of author’s knowledge, the above function has not been
implemented before. The proposed approach helps students to obtain suitably
tailored material for any e-learning course.

The known retrieval methods and systems are not enough flexible in search
(Kaklauskas et al. 2007b). Selected out electronic information is not enough in-
formative and concentrated, because do not perform breaking down the text ma-
terial from the library of documents into composite parts (chap-
ters/sections/paragraphs) and not perform their analyses according to the initial
query for selecting number of most appropriate for the user composite parts
which further are combined into different optional combinations by adding each
to other from different documents for creating set of many different alternative
text variants and after multiple criteria analyses selecting out the best said alter-
native text variants.

1.7. Conclusions for Chapter 1
1. Definition of intelligent tutoring system and built environment was spe-
cified.

2. History of Intelligent Tutoring Systems was reviewed and main ITS
components were specified.

3. Best up to date practice systems and models were analysed to improve
the model proposed by author.
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4. Self-assessment in an educational setting involves students making
judgments about their own work. Students can make assessment deci-
sions regarding their own essays, reports, projects, presentations, per-
formances, dissertations and even exams. Self-assessment can be ex-
tremely valuable in helping students critically review their own work
and form judgments about its strengths and weaknesses.

5. No real life system for “Built environment” studies process was found.
Models used for solving one specified problem can be found in many
authors’ publications, but there are no real life systems for specific field,
that can be used for the whole learning process, not only for single cal-
culations.

6. Existing ITSs do not perform:

e Personalized search (when billions learning alternatives are
created and the best is selected);

e Adaptive and personalized learning and teaching (according to
the student’s curiosity, stress and preferred learning difficulty
levels);

e Billions of alternatives analysis while performing homeworks,
course projects and final works.



Multi Objective Assessment Methods
for Intelligent Tutoring System

In this chapter main multi objective assessment methods are reviewed and com-
pared. Best suitable methods for Intelligent Tutoring System for Built Environ-
ment are more deeply described.

On the thematic of this chapter 4 publications (Kanapeckiené et al. 2010;
Tupénaité et al. 2010; Urbanaviciené et al. 2009; Kaklauskas et al. 2007b) were
published.

2.1. Review of Multi Objective Assessment Methods

There are many multi objective assessment methods that can be used for devel-
opment of the multi objective assessment systems (MOAS). For example,
COPRAS, EVAMIX, TOPSIS, VIKOR, AHP methods can be found imple-
mented in different decision support systems (Chatterjee et al. 2011; Tupénaité
2010b; Simanaviéiené 2010; Kaklauskas et al. 2007a; Zavadskas et al. 2008a;
Dasa et al. 2011; Maitya et al. 2012; Chinese et al. 2011; Podvezko 2011;
UZSilaityte and Martinaitis 2010; Bindu Madhuri et al. 2010; Datta et al. 2009;
Ginevi¢ius and Podvezko 2008; Karbassi et al. 2008). Zavadskas and
Turskis (2011) successfully grouped multiple criteria decision making methods
in one scheme (see Fig. 2.1).

25
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Fig. 2.1. Grouping of multiple criteria decision making methods
(Zavadskas and Turskis 2011)
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The problem of selecting correct method for author’s calculations can be
solved by comparing them and selecting the optimal one. Chatterjee et al. (2011)
have compared these methods (see Table 2.1).

Table 2.1. Performance of some multi objective assessment methods (Chatterjee et al.
2011)

Method COPRAS EVAMIX TOPSIS VIKOR AHP
Calculation Less Moderate High Less Very
time high
Simplicity Very simple | Moderately | Moderately | Simple Very
critical critical critical
Transparency | Very good Reasonable | Good Reasonable | Low
Possibility of | Very high Low Low Low Good
graphical
interpretation
Information Quantitative | Mixed Quantitative | Quantitative | Mixed
type

The comparison of presented methods allows coming to conclusion that
COPRAS method has noticeable advantages among the other methods.
Calculation time is very short, the same as VIKOR. COPRAS method can
be easily implemented to any program source code. Understanding and result
checking is very common. Calculation results can be easily visualized and
interpreted. For this purpose COPRAS method was selected for development of
the Intelligent Tutoring System for Built Environment.
This method can be successfully applied in Intelligent Tutoring System for
Built Environment for:
e selection of personalized study materials for student;
e selection of tasks or tests;
e information search;
e built environment projects evaluation.
The main stages of the COPRAS method’s implementation into Intelligent
Tutoring System are further discussed in detail.
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2.2. A Method of Multiple Criteria Complex
Proportional Evaluation Adopted for the Intelligent
Tutoring System for Built Environment

A Method of Multiple Criteria Complex Proportional Evaluation (COPRAS)
was developed by Zavadskas and Kaklauskas in 1996. It assumes direct and
proportional dependence of significance and priority by versions investigated on
a system of criteria adequately describing the alternatives and on the values and
weights of the criteria. A system of criteria is determined, and experts calculate
the values and initial weights of criteria. All this information can be adjusted by
interested parties (customers, users, etc.) considering their goal pursuits and
existing capabilities. Hence the results of the assessment of alternatives fully
reflect the initial data that was jointly submitted by experts and interested
parties.

This method can be successfully applied in Intelligent Tutoring System for
Built Environment for selection of personalized study materials for student. In
order to achieve this, system should generate criteria system and parameters of
material alternatives as well as individual parameters chosen by student. This
solution 1is suitable for both selection of materials and provision of
recommendations.

Method is also suitable for selection of tasks or tests. ITSBE is able to make
recommendations by preparing individual system of criteria and performing of
calculations. In this way system reacts to changes of student’s individual settings
and learning process.

It is hard to imagine modern learning without search of information
resources whose number is constantly increasing. Frequently there are situations
when selection from similar content information resources’ alternatives is
needed. Based on the method discussed above, ITSBE analyses possible
information search results and helps to choose the best alternative. In order to
make a search it is it is possible to formulate system of criteria from standard
search criteria, student study field criteria and personal settings.

In cases of built environment projects’ evaluation, method helps to form
individual systems of criteria in order to evaluate project alternatives. Initially
created system of criteria with particular modifications could be used for
evaluation of new different projects as a template.

In order to integrate such terms as tests, teaching material, search result and
built environment project alternatives, term “generalized alternative” further will
be used.

The determination of the significance and priority of generalized
alternatives is carried out in 5 stages.
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Stage 1. The weighted, normalised decision-making matrix is formed. The
purpose of this stage is to receive dimensionless weighted values from the com-
parative indexes. When the dimensionless values of the indexes are known, all
criteria, originally having different dimensions, can be compared. The following
formula is used for this purpose:

d-.z'xlj.qi;izl,im;jzl,in’ (21)
u n
Zx,:f
j=1
where: d; — the dimensionless weighted index value; x; — the value of the i"
criterion in the jlh alternative of a solution; m — the number of criteria; n — the

number of the generalized alternatives compared; g; — weight of the i criterion.

Table 2.2. Sorted decision-making matrix for a multiple criteria analysis

Quantitative project information
Analvsed crite- ) ) Analysed projects
naly * Weights | Units
ria
a ay - |4 ... |ay
wq q1 my X11 X12 - [ Xy vee | X1n
Quantitative 1% q» my X721 X2 e | Xj e | Xon
criteria
Wi qi m; Xil Xi2 xij Xin
Wi q: my; X X e [ Xy Xin
Wirl qr+1 My, X411 Xee12 |eee [Xer1j ceo | Xer1n
Qualitative W2 qr+2 my,» X421 Xes22  |eee [Xr42) ceo | Xer2n
criteria
Wi qi m; Xi1 Xi2 xij Xin
Wi, G m, Xon1 X2 B e | Xm

* — Sign w; (+/—) shows, respectively, the better/poorer value of the criterion of requirements

The sum of the dimensionless weighted index value dj; for each criterion x;
is always equal to the weight g; of this criterion:

g=d,i=lm: j=Tn. 2.2)

Jj=1
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In other words, the value of weight g; of the investigated criterion is propor-
tionally distributed among all alternative versions a; according to their values x;;.

An example of the decision-making matrix for a multiple criteria analysis of
built environment project is presented in Table 2.2.

Stage 2. The sums of weighted, normalised indexes describing the j ver-
sion are calculated. The versions are described by minimising indexes S_; and
maximising indexes §,;. The lower value of minimised indexes is better and the
greater value of maximised indexes is better. The sums are calculated according
to the formula:

S, =Yd, s, =Yd,i=Lm; j=ln. (2.3)
i=1 i=1

In this case, the values S,; (the greater this value, the more satisfied are the
interested parties) and S_; (the lower this value, the better the goal attainment by
the interested parties) express the degree of goals attained by the interested par-
ties in each alternative project. In any case, the sums of “pluses” S,; and “minus-
es” S of all generalized alternatives are always, respectively, equal to all sums

of the weights of maximised and minimised criteria:

j=1 i=l j=1

s =35 = d.si=Lm; j=lLn. (2.4)

Stage 3. The significance (efficiency) of the compared versions is deter-
mined by describing the characteristics of positive generalized alternatives
(“pluses”) and negative generalized alternatives (“minuses”). The relative signi-
ficance Q; of each alternative a; is found according to the formula:

S in -le,j
Qj:S+j+ n./S
S,

J=1 S

Stage 4. The priorities of the generalized alternatives are determined. The
greater is the Q; the higher is the efficiency (priority) of the alternative (i.e., built
environment project alternative).

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

; j=Ln. (2.5)

=J
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Significance Q; of project a; indicates the degree of satisfaction of demands
and goals pursued by the interested parties — the greater is the Q; the higher is the
efficiency of the project (see Table 2.3).

Table 2.3. Results of the multiple criteria analysis

Quantitative project information
Analysed generalized alternative
Angly;ed * Weights | Units ysece
criteria a a |.. aj ... an
X w1 q1 ny du dip || dij || din
X5 w2 q2 my dy dy |- dy | .- dy,
X3 w3 q3 ms3 d3 dy |- dyi | ... s,
X,‘ w; qi nm; dil diZ ves dif din
X, W, G n,, d Ao || dyy || dim
Sum of maximising normalised rated indica- [ S, Sep | eee | Saj || Sen
tors (generalized alternative advantages)
Sum of minimising normalised rated indica- S So [ S5 || S
tors (generalized alternative disadvantages)
Significance of the generalized alternative o QO [...] O [...] 0,
Priority of the generalized alternative P, P, [...| P |...] P,
Generalized alternative utility degree N, N, N, |...| N,

* — Sign w; (+/—) shows, respectively, the better/poorer value of the criterion of requirements

Stage 5. The degree of project utility directly associates with its relevant
quantitative and conceptual information. If one project is described as the best
comfort, aesthetics and price indexes, while another is shown with better main-
tenance and facilities management characteristics, both will have obtained the
same significance values as a result of the multi objective assessment; this
means their utility degree is also the same. With an increase (decrease) in the
significance of the project analysed, the project’s degree of utility also increases
(decreases). The degree of project utility is determined by comparing the project
analysed with the most efficient project. In this case, all the utility degree values
related to the project analysed will range from 0% to 100%. This will facilitate a
visual assessment of the project’s efficiency.

The formula used for calculating alternative a; utility degree N; is the fol-
lowing:

N, =2 100%- (2.6)
where: N; — the degree of 7™ project utility; Q, — the relative significance of "
project; Q... — the most efficient relative significance from the existing projects.
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The above mentioned steps can be summarized in a scheme which
describes all the processes (Fig. 2.2).

Teaching Search result Built
Tests data set material data Environment
data set R
set project data set

1l 1L Il

Forming decision making matrix for multiple criteria analysis

v

The sums of weighted, normalised indexes describing the j version are
calculated.

v

Significances of the generalized alternatives are determined

v

Priority order of the generalized alternatives are determined

v

Utility degrees of the generalized alternatives are found

Fig. 2.2. Main stages of determination of the significance and priority of
generalized alternatives (Created by author)

The presented scheme shows that on the basis of initial data it is possible to
select the best test, teaching material, search result or the best built environment
project alternative.

2.3. The Method of Multiple Criteria Multivariant
Design Adopted for the Intelligent Tutoring System
for Built Environment

A lot of data has to be processed and evaluated in carrying out, for example,
multivariant design of a built environment project. The number of feasible
project alternatives can be as large as 100,000. Each of the alternatives may be
described from various perspectives, e.g., by conceptual and quantitative infor-
mation. The problem arises how to perform computer-aided design of the alter-
native variants based on this enormous amount of information. To solve this
problem a Method of Multiple Criteria Multivariant Design was adopted for In-
telligent Tutoring System for Built Environment.
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The developed method can be applied not only for evaluation of built envi-
ronment projects but also for various tasks solutions in the Intelligent Tutoring
System for Built Environment.

In order to create individual study plan for student multivariant design can
be used. If there is enough information collected in the system, it is able, on the
basis of this method, to generate possible variants and present the best alterna-
tive of study plan.

The method is also very useful for making tests and their evaluation. Be-
cause of easily formulated system of criteria it allows to take into account the
general requirements as well as personal student criteria in making and
selection of tests.

In the cases of information search usually more than one keyword is used.
For this purpose it is important to use a method which allows both to evaluate
search results and to weight the importance of keywords. The discussed method
in Intelligent Tutoring System for Built Environment can solve this problem.

As previously, to integrate such terms as tests, teaching material, search re-
sult and built environment project alternatives, term “generalized alternative”
further will be used.

On the basis on the discussed method multiple criteria multivariant design is
carried out in 5 stages (Fig. 2.3). Initial step is data set.

Teaching Search result Built
Tests data set material data Environment
data set .
set project data set

1l AL !

Drawing the table of generalized alternative solutions codes

L

Rejection of inefficient generalized versions

L]

Computer-aided development of generalized variants based on codes of solution
generalized alternatives

L]

Development of generalized versions and the conceptual and quantitative
information describing them

L

Development of summary decision making table of all generalized versions
obtained and overall related conceptual and quantitative information

Fig. 2.3. Main stages of multiple criteria multivariant design (Created by author)
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In order to reduce the amount of information being used in computer-aided
multivariant design the codes of the generalized alternative solutions are used. In
this case, any " solution of j" alternative is given a; code providing thorough
quantitative (system of criteria, units of measure, significances, values, as well
as a minimizing or maximizing criterion) and conceptual (text, drawings, graph-
ics, video tapes) information about the generalized alternative being considered
(see Table 2.4). Thus, the use of codes of the generalized alternative solutions in
computer-aided multivariant design reduces the volume of information to be
processed providing better insight into a physical meaning of computations.

Codes, with conceptual and quantitative information provided, are used for
describing all available generalized alternative solutions.

The total number of these codes makes the table of codes of generalized al-
ternatives allowing getting the alternative versions in a more simple way (see
Table 2.4). As can be seen from Table 2.4, it contains ¢ solutions of a built envi-
ronment project (plots, buildings, parking, etc.) of the n; alternative versions
codes. Any i" line of the code table represents the codes of A; solution a;; alter-
natives. If the information relating to the solutions in the code table of genera-
lized alternatives is represented by codes, then the code contains quantitative and
conceptual information. In this case, n; alternatives of any i solution are being
considered in developing the alternative versions of a built environment project.

Table 2.4. Codes of generalized alternative solutions with conceptual and quantitative
information (as example for built environment project)

Solutions considered The codes of the alternative solutions considered
Ji 2 3 j n
1. Plot variants ap; al? al3 aj iy
2. Building variants a; ax a; az o
Aokok
i. Well-being variants ai ap ais aj @ini
¢. Maintenance variants [ ac acs I ag [

The information provided by code a;; of i solution j alternative

Conceptual information Quantitative information
(text, drawings, Aesthe-tics, | Comfortabi- Means of

. . Cost, X; N X
graphics, videotapes) X5 lity, X3 transport, X,
Kj Xij1 Xij2 Xij3 Xijj Xijn
Units of measure Lt Points Points Points Points
Significance qi1 iz i3 qij Gin
* zip Zi2 Zi3 zij Zin

* — Signs z;; (+ (—)) mean, that corresponding higher (lower) value of the criterion



2. MULTI OBJECTIVE ASSESSMENT METHODS FOR INTELLIGENT... 35

Thus, the maximum number of the projects obtained may be computed as
follows:

k=1I1n,, 2.7)
i=1

where: ¢ is the number of solutions considered in determining a built environ-
ment project(as example); n; is the number of i solution alternatives to be used in
developing a built environment project (as example).

For example, if in determining possible built environment project alterna-
tive versions 10 alternatives are considered for any of 10 solutions, then, accord-
ing to equation (2.7) maximum ten billion such variants will be obtained. It is
evident that in this and similar cases it is hardly possible and reasonable to ana-
lyse all the versions from various perspectives. Therefore, it is advisable to re-
duce their number as follows. If a project of ¢ solutions having n; alternatives
allows k combinations (equation 2.7) then, by using multiple criteria analysis
methods, p most efficient versions should be chosen from every solution for fur-
ther consideration (see Table 2.5). In this way, inefficient variants are being re-
moved. The best solutions alternatives obtained are then grouped according to
priority considerations. In Table 2.5 a;; is a code of the best variant of i solution,
while a;, is a code of its worst version.

Then, generalized variants are being developed based on the efficient p al-
ternatives of ¢ solutions chosen. At the beginning, this process should involve
the codes of the generalized alternative solutions. The first generalized variant is
obtained by analysing the best solution generalized variants according to the
priority order (see Tables 2.4 and 2.5). The last generalized variant is based on
solution versions from the bottom of priority table, while intermediate variants
are obtained with account of the versions found in the middle of this table.

Table 2.5. Most efficient solution alternatives set according their priorities (as example
for built environment project)

Solutions considered Priority of the best generalized alternative
solutions
1 2 3 j P
1. Plot variants a apn ap o | ay ai,
2. Building variants as) ax ay o | ay o | ay
i. Well-being variants a; ap ap v | @ v | ap
¢. Maintenance variants aq aeo ag o | ag acp
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For example, the first built environment project version is based on a,; plot,
ay building, a; well-being, a.; maintenance, etc. variants. The last building life
cycle version takes into account a,, plot, a,, building, a;, well-being, a., main-
tenance, etc. variants. In this case, combinations are obtained by using p alterna-
tives from any c solutions. Therefore, the maximum number of the projects ob-
tained may be determined from the following expression:

KZHp, (2.8)

where ¢ is the number of solutions used in determining a building life cycle; p is
the number of the best generalized variants of every solution used in developing
a built environment project (as an example).

In Table 2.6 the development of generalized alternatives, based on codes of
solution alternatives is presented.

Table 2.6. Computer-aided development of generalized variants based on codes of
solution alternatives (as example for built environment project)

Solutions considered Development of generalized variants based on codes of solution
alternatives
1 2 3 e |p p+1 |p+2 [p+3 |... [2p |... [K
1. Plot Variants agg ap agg .. lan ap agg ap .. |ag alp
2. Buﬂdlng Variants ar (253 ar N (2531 (2% an (2% ... |y azp
i. Well-being variants ap  |aq |an | an |aa |aan faq | faa | |ap
c-1 e |11 [Ge-11 [ooe |Ge-11 |Ge-12 |Ge12 |Ge12 |- [Ge-12 [oer [Ge-1p
c. Maintenance variants e |ao |ag | |agp |Ga o |as | |ag |- |acp

Table 2.7 presents conceptual and quantitative information about the gene-
ralized variants instead of the codes. When a particular built environment project
is being considered the values relating to various solutions but based on the
same criterion are recalculated into a single reduced value.

The reduction of the same criterion (e.g. cost, comfortability) values of var-
ious solutions (plot, building, well-being, maintenance) to a single one it is ne-
cessary to appraise significances of these solutions. For example, noise level
within and outside the building is not of the same significance to its inhabitants.
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Table 2.7. Development of generalized variants and related conceptual and quantitative

information (as example for built environment project)

Solutions used in

Information related to generalized versions

developing generalized variants | Concep- Quantitative
tual
Cost, X;|Aesthetics, | Comforta- X; . [Means of
(Lt) X; (Points) [bility, Xj transport,
(Points) X,
(Points)
Information related to life cycle of 1-st building
1. Plot, ayy K X111 X112 X113 X 11 Xiin
2. Building, ax K> X211 X212 X213 X 21 X210
i. Well-being, a1 Ki Xil1 Xi12 Xi13 X i1j Xitn
c. Maintenance, A, K Xeit Xei2 X3 || Xetj o] Xetn
Information related to life cycle of 2-nd building
1. Plot, ay K X111 X112 X3 X 11 Xiin
2. Building, ax K> X211 X212 X213 X 21 X210
i. Well-being, ais K Xit1 Xi12 Xi13 X i1 Xiln
c. Maintenance, a. K.» X 21 X 22 Xc23 Xe2j Xe2n
Information related to life cycle of p-th building
1. Plot, ayy Ky X111 X112 X113 Xuj Xiin
2. Building, ax K> X211 X212 X213 X1 X210
i. Well-being, ai; K Xi11 Xi12 X i13 X i1 X iln
c. Maintenance, a., K., Xep1 Xep2 Xep3 Xepj Xepn
Information related to life cycle of the last (K) building
l.Plot,al,, K],, X1p1 X1p2 X1p3 X 1pj X1pn
2. Building, a, K, X1 X2p2 X3 X2pj Xpn
i. Well-being, a;, K;, X ip1 X ip2 X ip3 X ipj X ipn
c. Maintenance, a., K Xep1 Xep2 Xep3 Xepj Xepn

The same applies to paying the money (it depends on whether — this should
be done at the present moment or in some years). The above significances of the

solutions are determined by using expert, financial analysis and other methods.

The significances should be made compatible in two directions: horizontally
(among criteria) and vertically (among solutions). In this way, Table 2.7 may be
transformed into a summary decision making table (see Table 2.8) containing all
generalized versions and overall related information.



38 2. MULTI OBJECTIVE ASSESSMENT METHODS FOR INTELLIGENT...

Table 2.8. Summary decision making table of all generalized versions obtained and
overall related conceptual and quantitative information (as example for built
environment project)

Built environment | Information related to built environment project versions
project
(BEP) Concep- |Quantitative
tual
versions obtained Cost, |Aesthetics, | Comfortability, | ... X; ...|Means of
X X, X; transport, X,
1 BEP version K, X 11 X 12 X3 v Xy || X
2 BEP version K, X 21 X2 X3 e | X2 || X2m
3 BEP version K; X3 |xXx X33 e X3 || X 3
i BEP version K; X i1 X i X33 e X || X
K BEP version Ky X1 |Xk2 X g3 o XK || X Kn
Significances of criteria q1 q> q3 v g —..|qn
Measuring units of criteria Lt Points Points ...|Points

Example discussed above is dedicated to evaluation of the built environ-
ment project. The same scenario can be used for other purposes, such as for
evaluation of information search results. In this case adequate criteria should be
used.

2.4. A Method of Defining the Utility and Market Value
of a Property Adopted for the Intelligent Tutoring
System for Built Environment

As it was discussed in Chapter 2.2.1, significance Q; obtained by using CO-
PRAS method of property a; indicates satisfaction degree of demands and goals
pursued by the interested parties — the greater is the Q; the higher is the efficien-
cy of the property (Zavadskas et al. 1994). The utility degree N; (equation 2.6) is
determined by comparing the property analysed with the most efficient property.
In this case, all the utility degree values related to the property analyzed will be
ranged from 0% to 100%. This will facilitate visual assessment of property effi-
ciency (Zavadskas and Kaklauskas 1996a).
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This method in the Intelligent Tutoring System for Built Environment is
applied only for evaluation of built environment projects.

The degrees of utility of the property considered as well as the market value
of a property being evaluated are determined in seven following stages.

Stage 1. The utility degree N; is calculated according to equation (2.6). The
degree of utility N; of property a; indicates the level of satisfying the needs of the
parties interested in the property. The more goals are achieved and the more im-
portant they are, the higher is the degree of the property utility. Since clients are
mostly interested in how much more efficient particular property are than the
others (which ones can better satisfy their needs), then it is more advisable to use
the concept of property utility rather than significance when choosing the most
efficient solution (Zavadskas and Kaklauskas 1996a).

A degree of property utility reflects the extent to which the goals pursued by
the interested parties are attained. Therefore, it may be used as a basis for deter-
mining property market value. The more objectives are attained and the more
significant they are the higher will be property degree of utility and its market
value.

Thus, having determined in such a way the ratio of degree of utility and
market value of property, one can see what complex effect can be obtained by
investing money into anyone of the property. There is a complete clarity where it
pays better to invest the money and what is the efficiency degree of the invest-
ment.

Stage 2. The efficiency degree Ej; of money invested into property q; is cal-
culated. It shows by how many per cent it is better (worse) to invest money into
property a; compared with property a;. Ej; is obtained by comparing the degrees
of utility of the property considered:

Eii = Nj— N.. (2.9

The received results are presented as a matrix clearly showing utility differ-
ences of the property (see Table 2.9) (Zavadskas and Kaklauskas 1996a).

Stage 3. The average deviation k; of the utility degree N; of the property a;
from the same index of other property (n — 1) is being calculated:

k=Y E,:(n-1). (2.10)
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Table 2.9. Calculation of average deviations of the property utility degrees (Zavadskas
and Kaklauskas 1996a)

Property Utility degree deviation of a proper- | Average deviation k; of utility degree N;

considered | ty analysed compared to other prop- | of property a; compared to other (n — 1)
erty, %
a, a, as a; a, property, %

ap 0 El 2 El 3 e Eln kl

ap Ez[ 0 E23 e E2n kz

az E3 1 E32 0 e E3,, k3

3 Ej Ep Ej3 E, |k

a, Enl Enz En3 e 0 kn

Stage 4. The development of a grouped decision making matrix for property
multiple criteria analysis. The market value of a property being evaluated is cal-
culated according to a block-diagram presented in Fig. 2.4.

At the beginning, a grouped decision making matrix for property multiple
criteria analysis is developed (see Table 2.10), the first criterion of which is
based on the actual purchasing/selling prices of the property compared and the
value of a property being evaluated. The initial value of a property being eva-
luated is obtained from the following equation:

=Y, (). (2.11)
j=2

In this matrix, a property a, to be evaluated should be assigned the market
value (x;;-R). Other comparison standard property (a,-a,) were sold, their pur-
chasing/selling prices (xj-x;,) known. All the values and significances of the
criteria relating to other property are also known (see Table 2.10).

The problem may be stated as follows: what market value x;,-R of evaluated
property a; will make it equally competitive on the market with comparison
standard property (a,-a,)? This may be determined if a complex analysis of the
benefits and drawbacks of the property is made.
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Development of grouped decision making matrix for property
multiple criteria analysis

Quantitative and qualitative criteria significances are determined
and intercoordinated based on their quantitative and qualitative
characteristics

\

Significances and priority order of the property are determined

A
Utility degrees of the property are found

Y

Value of a property to be valuated is established

The corrected value of
a property to be
valuated is calculated

Is the value of a
property calculated
accurately enough?

Market value of a property to be valuated is determined

Fig. 2.4. Block-diagram of property market value estimation (Created by author)

Using a grouped decision making matrix (see Table 2.10) and the equations
2.1-2.11 the calculations are made.
Stage 5. The corrected value x;;-p of a property to be evaluated a, is calcu-
lated:
X11p = X11 *(1 + kl . 100) (212)

Stage 6. It is determined whether the corrected value x;,-R of a property be-
ing evaluated @, had been calculated accurately enough:

| kil <, (2.13)
where s is the accuracy (%), to be achieved in calculating the market value x;,-p

of a property a,. For example, given s = 0.5%, the number of approximations in
calculation will be lower than at s = 0.1%.
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Table 2.10. A grouped decision making matrix for property multiple criteria analysis

Criteria describing the compared |*  |Signi- |[Measu- | Property to be evaluated and com-
property ficance |ring parison standard property
units
ag a) aj .|a,
1. Price of a property a; being Z1 g1 m, X1 |xi cefxy X
evaluated and actual purchas-
ing/selling prices of comparison
standard property (a, -a,,)
22 |42 my X1 [X22 e | X2y e[ X2n
Quantitative Zi g m; X1 Xip | X v Xin
criteria
Z: |9 m, X |xXn | Xy e X
T+l |9 141 miy Xert 1 [ Xes12 [oee[Xra1j |oo|Xrln
T2 |9 1+2 Mo Xep2 1 (X422 [oe[X a2 |--| X120
Qualitative
criteria i qi m; Xil Xi2 xlj Xin
Zm qdm m,, X m1 Xm2 xmj <o [ X mn

* - The sign z ; (+ (-)) indicates that a greater (less) criterion value corresponds to a greater significance for a
client

Stage 7. The market value x;,-R of a property a; to be evaluated is deter-
mined. If inequality 2.13 is satisfied the market value of a property a; may be
found as follows:

X11-R = X11-p- (2.14)

If inequality 2.13 is not satisfied this means that the value of a property be-
ing evaluated had not been calculated accurately enough and the approximation
cycle should be repeated. In this case, the corrected value x;; = x;;-p of a proper-
ty being evaluated is substituted into a grouped decision making matrix of prop-
erty multiple criteria analysis and the calculations according to the equations
2.1-2.14 should be repeated until the equation 2.13 is satisfied.

Solving the problem of determining the market value x;,-R of a property a,
being evaluated, which would make it equally competitive on the market com-
pared with the property (a,-a,) already sold, a particular method of defining the
utility degree and market value of a property was suggested. This was based on a
complex analysis of all the benefits and drawbacks of the property considered.
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According to this method the property utility degree and the market value of
a property being estimated are directly proportional to the system of the criteria
adequately describing them and the values and significances of these criteria.

2.5. Conclusions for Chapter 2

1. Different multi objective assessment methods were compared and
COPRAS method was selected to integrate to components of the Intelli-
gent Tutoring System for Built Environment components.

2. Proposed methods allow to perform:

e Personalized search (when billions learning alternatives can be
created and the best is selected);

e Adaptive and personalized learning and teaching (according to
the student’s curiosity, stress and preferred learning difficulty
levels);

e Analysis of billions of alternatives when homeworks, course
projects and final works are prepared.

3. Because of easily formulated system of criteria proposed methods allow
to take into account the general requirements as well as personal stu-
dent’s criteria.






Intelligent Tutoring System for Built
Environment

In this chapter general model of Intelligent Tutoring System for Built Environ-
ment (ITSBE) is presented. All subsystems integrated in ITSBE are described.

On the thematic of this chapter 5 publications (Kaklauskas et al. 2007b,
2009a, 2010a, 2012, 2013) were published and one patent was obtained (Kruti-
nis et al. 2010).

3.1. Composition of Intelligent Tutoring System for
Built Environment

The proposed Intelligent Tutoring System for Built Environment integrates 5
submodels:

e User Interface Subsystem Submodel — contains a description of the sys-
tem user interface. Considering user role in the system, submodel
adapts user interface depending on user’s needs;

e Expert Knowledge Subsystem Submodel — contains a description of the
knowledge and behaviours of the expert;

45
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e Student Subsystem Submodel — contains descriptions of student know-
ledge and behaviours, including his or her misconceptions and know-
ledge gaps;

e Tutoring Subsystem Submodel — contains descriptions of behaviours
during testing process;

e Built Environment Computer Learning Subsystem Submodel — contains
descriptions of experts’ knowledge implementation.

Fig. 3.1 shows the conceptual model of Intelligent Tutoring System for

Built Environment (ITSBE) proposed by author.

Model of Intelligent Tutoring System for Built Environment

User Interface Subsystem Submodel

Expert Knowledge Student Subsystem
Subsystem Submodel Submodel

A | Y A A

y yv

Tutoring Subsystem
Submodel

Built Environment Computer

- Learning Subsystem g
Submodel

Fig. 3.1. Model of intelligent tutoring system for built environment
(Created by author)
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A mismatch between a student’s behaviour or knowledge and the expert’s
presumed behaviour or knowledge is signalled to the ITSBE system, which sub-
sequently takes corrective action. For example, during the testing, system will
change the difficulty of questions to lower after 3 mistakes in a row.

3.1.1. Expert Knowledge Subsystem Submodel

Fig. 3.2 presents composite parts of expert knowledge subsystem.

Expert

<

User Interface

& U <

Database Managment Equipment Subsystem Model-base Management System
Subsystem
Databases: Consist Of e Learning materials alternatives
¢ Knowledge database; ¢ Data input developing submodel;
o Tests database; equipment; ¢ Examination alternatives
¢ Exams database; developing submodel;
e Historical data statistics o Sclf-assessment Adjustment
database; submodel;
¢ Recommendation providing
submodel.

Fig. 3.2. Composite parts of expert knowledge subsystem (Created by author)

Subsystem includes four databases: Knowledge database, Tests database,
Exams database and Historical data statistics database.

The Knowledge database contains teaching material, teaching material
priority information, difficulty level of material, importance level of material
and connection information within topics. All primary parameters must be given
by field experts. Each part have 4 parameters: learning difficulty in the scope of
a topic, learning difficulty in the scope of a module, significance in the scope of
a topic, significance in the scope of a module. Using this parameters intelligent
tutor is able to moderate teaching and self-testing processes.

In Fig. 3.3 main tables that contain teaching content are shown. All teaching
materials must be assigned to one of the subtopics. Each entry has its own priori-
tization; it helps to manage content appearance for users. In case of deletion,
record goes to archive; it will not appear for users but will be available for his-
torical data analysis.
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»)

tbl_modules
= Properties

27 ModuleId

' Name

= Priority

2 InArchive

=T DateTime

2 UserlD
e —

v

thl._topics 2 thl_subtopics 2 thl texts 2
= Properties = properties = Properties

F TopicD ' SubTopicID 7 TextiD

= Name = Name = Text

= Priority o = Priority = SubTopiclD

2 InArchive j' InArchive Y j' Priority

' DateTime F DateTime 7 InArchive

' Userld S UserlD ' DateTime

' DifficultyModule “F DifficultyModule 5 Userld

2 SignificanceModule 4 DifficultyTopic 7 DifficultyModule

2 ModulelD 5 SignificanceModule F DifficultyTopic

' SignificanceTopic 2 significanceModule
= TopicID 27 SignificanceTopic

Fig. 3.3. Part of the knowledge database scheme (Created by author)

The Tests database contains following information: questions according to
modules and topics, question difficulty in the scope of a module, question diffi-
culty in the scope of a topic, possible answers to questions, correct answers in
connection to the explanation material and evaluation of the correctness of poss-
ible answer versions.

thl_subtopic thl_texts thl_textquestions
= Properties = Properties = Properties
7 SubTopicID 5 TextlD % TextQuestionID
F Name k> F Text —p| ZF QuestionText
2 Text = SubTopicD F TextlD
= TopicD F Priority F QuestionTypelD
=7 Priority = InArchive 2 DifficultyModule
2 DateTime = DateTime 2 DifficultyTopic
= Userld = yserld ' SignificanceModule
ZF InArchive e SignificanceTopic
e Priority
' InArchive
' DateTime
= Userld

b4
f

thl_textquestionanswers

= Properties
= AnswerlD
2 Text
F TextQuestionID
2 IsCorrect
F DateTime
ZF UserlD

Fig. 3.4. Part of the tests database scheme (Created by author)
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Tests database scheme can be found in Fig. 3.4. Connection of questions to
teaching material allows the system to propose what to learn in case of failure.
Tests can include video and audio material. Depending on test type tests can
have one or more correct answers.

The Exams database (see Fig. 3.5) contains information about exams ques-
tions’ collections, questions answers, questions difficulty levels, evaluation of
the correctness of possible answer versions and correct answers explanations.

thl_tests 2 tbl_testquestions 2 tbl_testsquestionsanswers
= Properties = Properties = Properties

' TestD 2 QuestionID =1 AnswerlD

= Title = Text = Text

7 TestTypelD K== ' QuestionTypelD O 2 IsCorrect

= UserlD 2 TestlD 7' ExplanationText

5 TestTime e Weight = QuestionID

7' QuestionCount = Difficulty e Accuracy

T DateTime 7' DateTime T DateTime

27 InArchive = UserlD 7 UserlD

= InArchive J

Fig. 3.5. Part of the exams database scheme (Created by author)

Questions have they own weight and difficulty. Weight can be changed for
every exam. Difficulty is set by expert tutor, but in future can be recalculated by
using statistical information.

Historical data statistics database (see Fig. 3.6.) contains behaviour informa-
tion collected during tests and exams. Personalized and general data about time
intervals, questions difficulty levels, mistakes and correct answers are collected
for future use in tutoring process.

»
»
”»

tbl_testspassings thl_testpassingquestions thl_testpassinganswers
= Properties = Properties = Properties
2 TestPassingID b ZF QRezultlD O ZF AnswerSelectlD
T TestlD = QuestionlD = AnswerlD
' TestSourcelD = TestPassingID = QRezultID
' UserlD 27 StartTime “F DateTime
= StartTime = EndTime
' EndTime
= e
= Grade

=y StatusTypelD

Fig. 3.6. Part of the historical data statistic database scheme (Created by author)
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Database contains not only exam mark and user information, but additional-
ly information of answer changes is collected.

The Model-base consists of four submodels: Learning materials’ alterna-
tives developing submodel, Examination alternatives developing submodel,
Self-assessment adjustment submodel, Submodel of providing recommenda-
tions.

Learning materials’ alternatives developing submodel generates learning
plans. Submodel is based on accumulated information from self-assessment and
historical trends determining submodels. General learning plan can be changed
considering student’s preferences and trends information gathered during learn-
ing, testing and exams processes. It gives possibility for student to get persona-
lized learning material and tests questions.

Input
Student information

v

Get existing teaching plan

Y

Check for teaching material alternatives

Teaching
material can be
changed?

'Yes—| Generate teaching materials alternatives

Y

The weighted, normalized alternatives
matrix is formed

v

Calculate the sums of weighted,
No normalized indexes describing the
teaching material alternatives

Y

Determining the priorities of the
teaching material alternatives
Y
Output \ |
Learning materials
alternatives set

A

Fig. 3.7. Learning materials alternatives developing submodel (Created by author)
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Learning materials’ alternatives developing submodel (see Fig. 3.7) uses
student information for development of learning materials’ alternatives. In case
where no alternatives are for given material, model is returning to default learn-
ing material set. If it is possible to generate alternatives of learning material sets,
subsystem proposes for student to choose one of them. At first place it will be
the best set according to the personal information that was given and possible
teaching materials’ alternatives from knowledge base.

Examination alternatives developing submodel generates exams question-
naires and self controlling tests for subjects. Considering expert requirements for
exam such as questions count, questions difficulty level and subjects from where
questions must be taken, alternatives of exams questionnaires can be developed.
Tests alternatives for subjects or for the whole submodels are developed consi-
dering personal parameters of the user. In order to correct mistakes, a Submodel
of providing recommendations is used.

Input
Question set
Difficulty level
Count

Question can be
changed?

Generate possible questions sets
alternatives

v

The weighted, normalized questions sets
alternatives matrix is formed

]

Calculate the sums of weighted,
No normalized indexes describing the
questions sets alternatives

L]

Determining the priorities of the
questions sets alternatives

A 4

Output \

Best question set -

Fig. 3.8. Examination alternatives developing submodel (Created by author)

Personalised examination questions set can be generated in case when it is
possible. During knowledge testing student will get best set of questions accord-
ing to difficulty level. Questions are taken from topics that student is learning or
from specified exam questions set, that was prepared by a tutor.

Self-assessment adjustment submodel is used, if it is possible, for control-
ling testing process considering personal preferences of student. Depending on
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received information on preferred difficulty level, preferred subjects and passed
exams requirements for tests are developed (see Fig. 3.9).

Input
Personal information

Form filter

Output
Personalized exam filter
parameters set

Fig. 3.9. Self-assessment adjustment submodel (Created by author)

For dealing with knowledge base personalized filter can be created. After
passing specific topics or exams, system is able to create personalized filter for
student that will help in future to deal with teaching materials and tests.

Submodel of providing recommendations explains why one or another
answer is incorrect and offers to use certain additional literature to clarify the
incorrectly answered questions. Additionally model can show areas of
improvement to the tutor of a module (see Fig. 3.10).

Failed questions can be reviewed by the system and tutor to specify why
students cannot deal with them. There can be few reasons that can mater. For
example, question was added by mistake to wrong teaching material; question
difficulty was to low and must be increased; teaching material and additional
links must be edited and updated to give more clearance for the students.

Input
Incorrect answers set

Get questions information

L]

Get teaching materials according
the questions

L]

Get links to additional teaching
materials according the questions

v
Output
Recommendations set

Fig. 3.10. Submodel of providing recommendations (Created by author)
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3.1.2. Student Subsystem Submodel
The main parts of Student Subsystem Submodel are presented in Fig. 3.11.

| Student |
ST

| User Interface |

Ry R L

Database Managment Equipment Subsystem Model-base Management System
Subsystem
Databases: Consist of: o Learning materials gathering
e Personal library database; e Data input equipment. submodel;
e Self assessment database; o Self assessment submodel;
e Learning progress database; e Recommendation providing
e Tests results database; submodel.
e Exams results database;
e Historical statistics database.

Fig. 3.11. Composite parts of student subsystem (Created by author)

The subsystem contains: Personal library database, Self-assessment data-
base, Learning progress database, Tests results database, Exams results database,
Historical statistics database.

Personal library database contains links to student teaching material and
personalized teaching material gathered during testing, teaching or search.

thl_studmodules thl_studentstudyrezults thl_studevaluationstypes

= Properties = Properties = Properties
' ModulelD 7 RezultiD ' EvaluationTypelD
T Name  Module 7 Name
=N 2 ModulelD =N
= Code & studentiD —_—————
2 Priority 2 Mark v
= InArchive ZF Leaminglnterest =
R DateTime R Difficulty tbl_studentschoolrezults
2 Userd 2 Stress = .
5 LeamingYear BIORETLEY
' RezultlD
—
i ' SchoolModID
! ' studentiD
= Mark
e LearningInterest
F Difficulty
ZF Stress
thl studpersonalparams 2 11 students S e ' LeamingYear
P EvaluationTypelD
= Properties = Properties
2f StudPersonalParamID = StudentlD
( 2
;"‘l‘ StudentID 7' StudBookNr BT davarges £3
ZF ParamTypelD =F Name
= value ZF surame 2 Properties
ZF Gender 2
2 Email S 2 StudAvgID
' StatusiD i: :/VF‘”ID
= InArchive alue
 DateTime = StudentlD
' DateTime

Fig. 3.12. Part of the self assessment database scheme (Created by author)
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Self-assessment database (see Fig 3.12) contains student parameters se-
lected from given options. Two main parameters are preferred difficulty level
and learning productivity.

Information about main parameters of student is expanded with historical
achievements in school and university. That helps system to take personalized
approach for teaching material delivery. Part of this data is gathered when stu-
dent is passing special survey in the system.

Learning progress database contains information on achievements during
learning process (see Fig. 3.13).

tbl_difficultylevels

= Properties
T DifficultyLevellD
2 Name
F Parameter
A
¢
v
2 2 2
tbl_modules tbl_topics tbl_achievements
= Properties = Properties = Properties
“F ModuleID = TopicID ' AchievmentlD
2 Name - 2 Name 21 Name
" " o ,
2 Priority = Priority =7 TopiclD
T InArchive ZF InArchive T UserlD
' DateTime T DateTime T DateTime
T UserlD T UserID T Mark
' DifficultyModule ZF DifficultyLevellD
= SignificanceModule -
= ModulelD

Fig. 3.13. Part of the learning progress database scheme (Created by author)

Depending on success rate and passed tests count, user can get special
achievement mark. Achievements can be moderated by tutors in their topics.
Passing of self-assessment tests additionally motivates the student.

tbl_testspassings 2 tbl_testpassingquestions tbl_testpassinganswers 2
= Properties = Properties = Properties

=T TestPassingID k> =7 QRezultlD =7 AnswerSelectlD

' TestlD ' QuestionID = AnswerlD

' TestSourcelD ' TestPassingID ' QRezultlD

' UserlD ' StartTime ' DateTime

' StartTime ' EndTime

T EndTime

i i

=T Grade

5 StatusTypelD

Fig. 3.14. Part of the tests results database scheme (Created by author)
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Tests results database contains results from all test types that student took

during learning period (see Fig. 3.14).

For future analysis all passed tests by student are saved and can be reached
by user for review in any time. User can create his own test from failed ques-
tions. Student is also able to save teaching material proposed by tutor to his own
library for future study.

Exams results database contains results from all exams that student had
passed or failed during learning period (see Fig. 3.15).

thl testspassings

= Properties
ZF TestPassingID
' TestlD
F TestSourcelD
= UserlD
= StartTime
ZF EndTime
e 0
2 Mark
2 StatusTypelD

thl_testpassingquestions

= Properties

= QRezultiD

2 QuestionlD
5 TestPassingID
& startTime

= EndTime

o

th.testpassinganswers

= Properties

' AnswerSelectlD

5 AnswerlD
F QRezultlD
' DateTime

<&

thl_testsscheduler

= Properties
= SchedulerlD
2 TestD

= StudGrupID -

ZF Code

5 AvailableFrom
=7 AvailableTill
ZF UserlD

' DateTime

= Info

b tests

= Properties
2 TestD
= Title
2 TestTypelD
= UserlD
5 TestTime
2 QuestionCount
= DateTime
2 InArchive

thl testquestions

= Properties

“F QuestionID
Text

F QuestionTypelD

ZF TestlD
7 Weight
' Difficulty
= DateTime
' UserlD
ZF InArchive

tbl_testsquestionsanswers &
= Properties

= AnswerlD

Text

O 2 IsCorrect
ZF ExplanationText
ZF QuestionlD
5 Accuracy
=7 DateTime
2 UserlD

Fig. 3.15. Part of the exams results database scheme (Created by author)

Exams can be assigned for students’ groups and can be passed in time pe-
riod assigned by tutor. All information about test passing can be reviewed by

student.

th_actions

=l Properties
' ActionID
2 Name

= Properties
' UserActionID
=

2 value

tbl_useractions

ZF ActionID

5 UserID

F pate
57 URL

tbl_aditionalactionparams

= Properties
7' AdditionalParamID
25 UserActionID

5 paramTypelD
5 value
% GeneratedInfo

thi_actionparamstypes

= Properties
5 paramTypelD
Name

Fig. 3.16. Part of the historical statistics database scheme (Created by author)
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Historical statistics database considers student actions in system. This data
can be used to determinate failures in learning materials and tests.

In Fig. 3.16 main tables that contain historical statistic information are
shown. Depending on user action type, information is gathered and saved with
owner information.

The Model-base consists of three submodels: Learning materials gathering
submodel, Self-assessment submodel, Submodel of providing recommendations.

Learning materials gathering submodel describes how learning material can
be extracted for future reuse. Submodel uses output of Self-assessment submo-
del for material search and Submodel of providing recommendations to gather
material for failed questions after test (see Fig. 3.17).

Learning materials gathering submodel helps student to search and collect
teaching materials according topics or keywords. Additionally, search can be
done considering personalized filter parameters. In case of search for specific
topic information, subsystem will collect full information on the topic or specific
parts that are needed for failed question explanation. In case of free search alter-
natives of teaching materials will be acquired according keywords. Before gene-
rating alternatives they will be filtered by personalized parameters. Set of learn-
ing materials’ alternatives will be given for student for further use.

Tnput

Keywords set
Personalization information
Information gathering type

— e

Get teaching materials according the Gather teaching materials according
questions keywords and personal parameters
Get links to additional teaching materials Generate possible teaching materials
according the questions sets alternatives
The weighted, normalized teaching
materials sets alternatives matrix is
formed
Calculate the sums of weighted,
normalized indexes describing the
teaching materials sets alternatives
Determining the priorities of the
teaching materials sets alternatives

Fig. 3.17. Learning materials gathering submodel (Created by author)
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COPRAS method (see Chapter 2) can be successfully applied for forming
search results. There are many methods for gathering information from text
sources, but it can be very difficult to manage priority of search results. CO-
PRAS can be optimal solution to deal with this problem. Fig. 3.18 shows activity
diagram for search of teaching material.

Keywords and weights
collecting

v

Search documents by
keywords

}

Parameters for COPRAS
method collection

'

Multiple criteria
evaluation of the
alternatives

More than
one object
group?

Multiple criteria analysis
of the developed feasible
alternatives

Fig. 3.18. Multiple criteria complex proportional evaluation method algorithm
(Created by author)

Forming of search results that depend only on texts’ priority is not very
complicated task, but in case when multi-variant analysis in real time is needed,
it is necessary to manage huge data flow. Dealing with that problem suspension
of calculations and cashing are used.
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Self-assessment submodel determines parameters for personalizing of learn-
ing and testing processes. It allows to moderate difficulty and content appear-
ance (see Fig. 3.19).

Student can form personalized filter by giving as much personal information
as he can. Some parameters can be temporary, for example, preferred difficulty
level. Constant parameters such as passed exams or teaching materials will help
to arrange optimal learning plan.

Input
Personal parameters set

Form filter

Output
Personalized filter

ﬂ

Fig. 3.19. Self-assessment submodel (Created by author)

Submodel of providing recommendations explains why one or another an-
swer is incorrect and offers to use certain additional literature to clarify the in-
correctly answered questions. During development of built environment project
it shows errors and mistakes of user and leading him to creation of successful

project (see Fig. 3.20).
Incorrect answers set

Get question
information

'

Get teaching material
according the question

v

Get links to additional
teaching materials
according the question

Output
Recommendations set

Fig. 3.20. Submodel of providing recommendations (Created by author)

=l
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After each examination it is necessary to get information on failed ques-
tions. Subsystem allows getting explanations on failed attempts to pass question.
Student can save recommendation results to his personal library for future stu-
dies and take re-examination of problematic parts.

3.1.3. Tutoring Subsystem Submodel

Composite parts of Tutoring Subsystem are provided in Figure 3.21.

| Student |
JC
| User Interface |
Databgiii\;:g:ﬁment Equipment Subsystem Model-base Management System
Databases: Consist of: e Examination difficulty managing
¢ Knowledge difficulty level database; e Data input equipment; submodel;
e Tests difficulty level database; e Recommendation providing
e Tutoring progress history database; submodel.

Fig. 3.21. Composite parts of tutoring subsystem (Created by author)

The database contains: Knowledge difficulty level database, Tests difficulty
level database, Tutoring progress history database.

tbl_modules
= Properties
= ModulelD
2 Name
=F Priority
2 InArchive
T DateTime
' UserlD
o
v
thl_topics &S tbl_subtopics 2 thl_texts &
= Properties = Properties = Properties
' TopiclD ' SubTopiclD B Textld
=T Name =T Name 2T Text
= Priority 2 Priority 2 SubTopiclD
A O 4 -
27 InArchive 2 InArchive - =7 Priority
2 DateTime ' DateTime 2 InArchive
=F UserlD =7 UserlD ' DateTime
' DifficultyModule =7 DifficultyModule = UserlD
=7 SignificanceModule ' DifficultyTopic F DifficultyModule
2 ModulelD =7 SignificanceModule =7 DifficultyTopic
T SignificanceTopic ' significanceModule
27 TopiclD 23 SignificanceTopic

Fig. 3.22. The knowledge difficulty levels database scheme (Created by author)
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Knowledge difficulty level database contains difficulty levels of teaching
material determined by expert (see Fig. 3.22).
Each teaching material has difficulty value in topic and module. Depending
on these values learning process can be managed by giving easer or harder
material for future study. Initial difficulty level is set by topic expert, but in

future it can be revised by system.

Tests difficulty level database contains difficulty levels for question
collections determined by expert (see Fig. 3.23).

tbl_texts

= Properties
2 TextID
2 Text
= SubTopicID
27 Priority
= InArchive
F DateTime
' UserlD

tbl_textquestions

= Properties

' TextQuestionID
' QuestionText
2 TextlD

7' QuestionTypelD
= DifficultyModule
= DifficultyTopic
“F SignificanceModule
2T SignificanceTopic
2 Priority

7 InArchive

' DateTime

= UserlD

Fig. 3.23. Part of the tests difficulty levels database scheme (Created by author)

Tutor is able to assign specific question with different difficulty levels for
every teaching material. During tutoring process system arranges order of
questions considering these values. Questions used for self-assessment test
additionally can be filtered by filter personalized by student.

tbl_testsresults

=l Properties
! 2 TestResultID
' TestID
' UserID
' ResultMark

' Starttime
= Endtime
5 TypelD
= e

tbl_proposalcollection

= Properties
5 CollectionID
' TestResultID
5 UserID
“5F Date

tbl_testanswersresults

= Properties

? ' ResultID
' QuestionID
2 AnswerlD
' TimeSec
7 ResultDateTime
' TestResultID
' Corect

' AnswersChangeCount

tbl_additionalinformation

=l Properties
' AdditionalInfoID
2 InfoTypelD
7 Linkvalue
“F CollectionID
' ResultiD

Fig. 3.24. Part of the tutoring progress history database scheme

(Created by author)
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Tutoring progress history database collects information about proposed
problem solving methods and users behaviour (see Fig. 3.24).

In Fig. 3.24 main tables that contain information of tutoring progress history
levels are shown. During tutoring process system can change difficulty level,
give additional information for user or propose failure solving solution. All this
information is saved for future analysis.

The Model-base of subsystem consists of two submodels: Examination
difficulty managing submodel, Submodel of providing recommendations.

Examination difficulty managing submodel depending on input parameters
can change difficulty level of the given test. In case of large amount of failures
model can end testing (see Fig. 3.25).

Input
Student answer

Last X questions
results was the

same? Yes

Get questions
for new
No difficulty level

\ 4
Output
Next Question

Fig. 3.25. Examination difficulty managing submodel (Created by author)

During examination subsystem can regenerate questions according to new
difficulty level. Tutor can manage failed or passed questions count for change of
difficulty level. After examination student will get summarized information
about difficulty changes and difficulty levels of passed questions. During self
controlling tests student is able to manage difficulty level by personalizing test
process or let the system to take care of that.

The main part of tutoring process is to collect primary information about
the student. That information will help to determine starting difficulty of tutoring
and material that needs to be filtered. User can manually choose starting posi-
tion.
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Collect user
information

User approves
data sharing?

¢Yes Nol
Prepare Manually
tutoring filter select difficulty

parameters level

Initialize
testing

environment

!

Prepare
tutoring
questions

v

Prepare
questions
answers

12

Prepare
questions
answers

v

Show question |«

Get questions
for new
difficulty level
A

Last X questions
results was the

Check
difficulty level

Yes
Y

Yes Check or test No
steel needed

Last Y questions
results was the
same?

Calculate ¢ Yes

result

‘Additional Collect
training Yes-»| material for
needed? training

Fig. 3.26. Intelligent tutoring system for built environment examination process
algorithm (Created by author)
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Depending on different filters, questions are collected and prepared for
user. Each time questions are prepared in random sequence; sequences of an-
swers are also defined randomly. During the test, difficulty level can be
changed; it depends on test achievements. Test administrator can manage count
of correct or incorrect answers in order to raise or lower difficulty, additionally,
test can be ended after few answers. If difficulty level is changed, remaining
new questions are prepared. When test is finished, user is getting mark with
wrong answers explanations. Basing on wrong answers, teaching material is
prepared. User can save it for future studies (see Fig. 3.26).

Submodel of providing recommendations explains why one or another an-
swer is incorrect and offers to use certain teaching material to clarify the incor-
rectly answered questions. In order to correct gaps in knowledge new learning
plan can be proposed to avoid errors in future (see Fig. 3.27).

Input
Incorrect answer

12

Get teaching material
according the question

Y

Get links to additional
teaching materials
according the question

v

Output
Recommendations set

Fig. 3.27. Submodel of providing recommendations (Created by author)

After each test or exam explanations of answers are provided. Depending on
available teaching materials sources, teaching material according to the question
is provided with additional links. By using additional links subsystem it is
possible to recommend teaching material before learning specific topic and after
fully passed examination.
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3.1.4. Built Environment Computer Learning Subsystem
Submodel

Composite parts of Built Environment Computer Learning Subsystem (BECLS)
are shown below (see Fig. 3.28).

| Student |
S0

| User Interface |

L b L

Database Managment Equipment Model-base Management System
Subsystem Subsystem
Databases: - Consist Of: e Submodel for determination of the
o Experts developed projects templates e Datainput significance and priority of a built
database; i equipment; environment project alternatives;
. Studept developed projects database; o Submodel of multiple criteria multivariant
o Graphical database; design of a built environment project;

e Submodel for defining market value of a
built environment project;

e Submodel for generating the alternative
variants of a built environment project;

o Submodel for determining project utility
degree;

o Submodel of providing recommendations;

e Error check submodel.

Fig. 3.28. Composite parts of built environment computer learning subsystem
(Created by author)

thl_multysystemtype tbl_multysystems tbl_objectsgroups tbl_objects
= Properties = Properties = Properties

= TypelD =7 SystemID “F' ObjectsGroupsID

= Title = Typeld = Title

F DateTime = Title ' Description

F UserlD 2 Description “F SystemID

7 InArchyve 27 Public 2 DateTime

T FatherTypelD 2 UserlD ZF Include

2 DateTime

= Properties

“F ObjectsID

= Title

' Description

' ObjectsGroupsID
27 Include

' DateTime

A tbl_objectcriteriasparams
tbl_measuringtypes thl_objectgroupcriterias
- - = - = Properties
Properties Properties B Objectcritp
' MeasuringTypelD S F CriterialD - R Objectid
jj Title = ObjectGroupID R Criteriald
2 UserlD = Title = Value
1 DateTime F Description R DateTime
=7 Weight
2 Maximizing
2 MeasuringTypelD
ZF DateTime

Fig. 3.29. Part of the experts” developed projects’ database scheme
(Created by author)
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The database contains of Experts developed projects’ templates database,
Student developed projects’ database, Graphical database.

Projects’ templates database developed by experts contains of templates
created by experts for reuse in personal student environment. Collected criteria
templates can be used for quick evaluation of projects’ alternatives (see Fig.
3.29).

All expert created systems can be used to solve specific problem in the field
of built environment. Additionally, they can be exported to user zone for future
development.

Projects’ database developed by students contains of built environment pro-
jects with criteria, weights of criteria and objects used for alternatives calcula-
tions created by students (see Fig. 3.30).

thl_multysystemtype thl_multysystems thl_objectsgroups thl_objects
= Properties = Properties = Properties

= TypelD 2 SystemID ' ObjectsGroupsID

= Title = TypelD 2 Title

“F DateTime = Title = Description

' UserlD ' Description =7 SystemID

7 InArchyve 7 Public F DateTime

' FatherTypelD 2 UserlD 2 Include

ZF DateTime

= Properties
' ObjectsID
= Title
= Description
7' ObjectsGroupsID
2= Include

2 DateTime

v

2 tbl_objectcriteriasparams
thl_ measuringtypes thl_objectgroupcriterias
- - - - = Properties
Properties Properties R ObjectCritip
ZF' MeasuringTypelD = CriterialD Ko -rverneee # ObjectiD
Jj Title T ObjectGroupID S Criteriald
' UserlD = Title B Value
F DateTime 7' Description B DateTime
1 Weight
e Maximizing
ZF MeasuringTypelD
2 DateTime

Fig. 3.30. Part of the student developed projects’ database scheme
(Created by author)

Student can create his own “empty project” and fill all parts one by one, or
he/she can use expert created projects’ templates and on their basis develop per-
sonalized projects. Created projects can be reused or shared with other users.

Graphical database contains of shared and personal graphic elements to
maintain computer learning objects of built environment (see Fig. 3.31).

Graphical elements used in students’ and experts’ projects are saved in these
tables. Default graphical elements can be used in case when user doesn’t want to
use his own.
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5

tbl_imgparamsnumeric

=l Properties
j‘ ImageParameterID
T ParameterID
2T Numericvalue

tbl_graficelements

= Properties “F ImageId ¢ tbl_imgparams
2 ImagelD N )
4 ImageTypelD = Properties
= Image A o 7 ParameterID
5 InArchive tbl_imgparamsabstract 2 €< j‘ Name

= Date
5 UserID

=l Properties
7' ImageParameterlD
2 ParameterID
2 Abstractvalue
5 ImageID

Fig. 3.31. Part of the graphical database scheme (Created by author)

The Model-base consists of seven models: Submodel for determination of
the significance and priority of a built environment project alternatives, Submo-
del of multiple criteria multivariant design of a built environment project, Sub-
model for defining market value of a built environment project, Submodel for
generating the alternative variants of a built environment project, Submodel for
determining project utility degree, Submodel of providing recommendations,
Error check submodel.

Submodel for determination of the significance and priority of a built envi-
ronment project alternatives uses the method explained in Chapter 2.2.1.

Submodel of multiple criteria multivariant design of a built environment
project uses the method explained in Chapter 2.2.2.

Submodel for defining market value of a built environment project uses the
method explained in Chapter 2.2.3.

Submodel for generating the alternative variants of a built environment
project generates all possible alternatives of a project (Fig. 3.32).

System administrator is able to manage maximum variants count generated
by the system. Variations count of the projects may be determined from the fol-
lowing expression:

:"‘.

K= pi s (31)

i=1

where: ¢ is the number of objects groups; p; is the number of the i variants of
every objects groups used in developing a built environment project. For exam-
ple, if in determining possible building life cycle alternative versions 10 alterna-
tives are considered for any of 10 solutions, then, according to equation (3.1) 10
billion variants will be obtained. It is evident that in this and similar cases it is
hardly possible and reasonable to analyse all the versions from various perspec-
tives. Therefore, it is advisable to reduce their number as follows. By using mul-
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tiple criteria analysis methods most efficient versions should be chosen from
every solution for further consideration. In this way, inefficient variants are be-
ing removed.

Input
Objects groups set

X — Maximum variants count
y — Maximum best object count

| Get objects groups objects |

Get possible alternatives
variants count

Variants count > x

A 4

Create grouped decision making matrix
for property multiple criteria analysis

]

Quantitative and qualitative criteria
significances are determined and
intercoordinated based on their
quantitative and qualitative
characteristics for each objects group

1]

Significances and priority order of the
property are determined for each objects
group

L]

Select top y objects from each group

y
Create all posible alternatives
variants depending on objects [

groups

Output
Alternatives variants set

Fig. 3.32. Submodel for developing the alternative variants of a built environment
project (Created by author)

Submodel for determining project utility degree considering input informa-
tion for each project alternative calculates utility degree.

The degree of project utility is determined by comparing the analysed
project with the most efficient project. In this case, all the utility degree values
related to the project analysed will range from 0% to 100%. This will facilitate a
visual assessment of the project’s efficiency (see Fig. 3.33).
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Input
Q, Qmax

Calculate
N=(Q/Qrax)*100%

Output

‘

Fig. 3.33. Submodel for determining project utility degree (Created by author)

The formula used in submodel for calculating each alternative utility degree
N; is following:

9,

max

N, = —2.100% (3.2)

J

where: N; — the degree of 7™ project utility; O, — the relative significance of "
project; Onmax — the most efficient relative significance from the existing projects.

Submodel for providing recommendations during project development is
giving feedbacks on possible errors and mistakes, additionally, after result re-
viewing is giving recommendations for changing of parameters and possible
result of such activity (see Fig. 3.34).

Input
Project object criteria information

Compare project object group
objects

!

Change object criteria value
according best object

l Yes

Recalculate project

t is possible to
optimize value?

No

Output
Possible improvement of the analyzed
criterion

Fig. 3.34. Submodel for providing recommendations (Created by author)
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If created project has no errors, student can try to optimize specific value to
make one of the alternatives more attractive. Subsystem will help to get result of
possible change. For example, it is possible to try to get information on price
change for specific house alternative. Model will give optimal value for price
reducing, in case if price of selected alternative is not the best.

During project development Error check submodel is giving feedback on
possible errors (see Fig. 3.35).

Input
Built environment project information
Check type

Check project errors in objects
groups

v

Check project errors in objects

v

Check project errors in objects
groups criteria's

v

Check project errors in
parameters

Output
Error information set

Fig. 3.35. Error check submodel (Created by author)

It is important to check all systems’ object groups, objects and criteria’s cor-
rectness. In case of failure subsystem will provide detail information on proble-
matic areas. It also can help tutor to review created systems for future discus-
sions with students.

3.2. Conclusions for Chapter 3

1. Model of Intelligent Tutoring System for Built Environment proposed
by author was described.

2. Main parts of developed Intelligent Tutoring System for Built Environ-
ment were reviewed and described.
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The developed system can help students to learn reasons of wrong an-
swers and create special learning course for missed material.

Model of the Intelligent Tutoring System for Built Environment was de-
veloped for the first time. It is novel due to:

e Adaptive and personalized learning and testing is performed ac-
cording to the student’s curiosity, preferred difficulty levels and
psychological condition;

e Personalized search is available as there is a possibility to create
a lot of learning alternatives and to select the best one according
to individual student needs;

e The possibility to analyse, assess a lot of alternatives and select
the best one while preparing homeworks, course projects and fi-
nal works is ensured.

Personalized learning environment more precisely gives advices,
chooses difficulty level and makes learning process more productive.



Practical Implementation of
Intelligent Tutoring System for Built
Environment

In order to improve learning process of students, basing on the proposed models
presented in previous chapter, Intelligent Tutoring System for Built Environment
was created. The system was developed as Web application using Microsoft
Visual Studio 2010 (.Net Framework 4) and C# as a main programming lan-
guage. The developed system is practically applied in study process at Vilnius
Gediminas Technical University, in Construction Technology and Management
as well as Real Estate Management master study programmes. During the testing
of the system 340 students were registered and used the system.

Main parts of all study processes are learning and knowledge examination.
In this chapter case studies from real life built environment project alternatives’
development, learning process and examinations are analysed.

Full list of functions that student can use (defined in student subsystem
model) is described in Fig. 4.1.

On the thematic of this chapter 8 publications (Kaklauskas et al. 2007b,
2009a, 2010a, 2012, 2013; Kanapeckiené et al. 2010; Tupénaité et al. 2010;
Urbanaviciené et al. 2009) were published.

71
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Intelligent tutoring system

/ Start learning

/ Start self control

Student | Start exam

Start search

~] Manage intelligent
library

\ Manage projects for
built environment

Fig. 4.1. Student and system interaction diagram (Created by author)

Three different case studies were conducted to evaluate the real effects of
using Intelligent Tutoring System for Built Environment, which was developed.

Learning process of the student based on real life example is further ana-
lysed. Presented examples are based on analysis of real use of the system by stu-
dents from Construction Technology and Management master study programme.

4.1. Case Study of Students’ Learning Process by
Using Intelligent Library and Intelligent Search
Subsystems

Before start working with the system student has ability to study system guide.
User registers to the system with unique user name and password, provided by
tutor. For initial introduction to discipline material (module or its part) student
chooses to read e-material (Fig. 4.2).
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Your Computer Learning Systems. Self control Read Administration Search My library Personal info
Calculators. Video
Module
CLIMATE CHANGE: SOCIAL SCIENCE AND POLICY PERSPECTIVE E|
Themes of the course
1. TOTAL LIFE ANALYSIS, MODELLING AND FORECASTING OF CLIMATE CHANGE MITIGATION o

3. APPLICATION OF NEURAL NETWORKS, EXPERT AND DECISION SUPPORT SYSTEMS IN CLIMATE CHANGE
4. POLICY AND GOVERNANCE RESPONSES OF SOCIAL SYSTEMS TO CLIMATE CHANGE

5 THEORIES AND MODELS OF CLIMATE CHANGE . INTERDISCIPLINARY MODELLING I

CASE STUDY -

Subtopics
5.1. Political Theory and Global Climate Change =
5.2. Main Theories of Climate Change ‘

2. EXPLICIT AND TACIT KNOWLEDGE ‘7

5.3 Politicization of Global Warming =

5.4. Perspectives of Climate Change
5.5. Models of Climate Change

5.6. Climate Change Interaction with Economic and Social Processes <

The risk of climate change depends on the physical and socioeconomic implications of a changing climate (Figure 17). Climate change might have several effects
(Shogren and Toman 2000):

.

Reduced productivity of natural resources that humans use or extract from the natural environment (for example, lower agricultural yields, smaller timber
harvests, and scarcer water resources).

Damage to human-built enviranments (for example, coastal flooding from rising sea levels, incursion of salt water into drinking water systems, and damage
from increased storms and floods)

Risks to life and limb (for example, more deaths from heat waves, storms, and contaminated water, and increased incidence of tropical diseases).

Damage to less managed resources such as the natural conditions conducive to different landscapes, wilderness areas, natural habitats for scarce species, and
biodiversity (for example, rising sea levels could inundate coastal wetlands, and increased inland aridity could destroy prairie wetlands).

.

..

Fig. 4.2. Reading of e-material (Created by author)

The study material is proposed to the student as explicit knowledge on the
basis of his/her previously studied subjects and their assessment. The main dif-
ference in comparison to studies of usual paper or e-materials is that the topic or
material which student already knows is not involved into the list of subject top-
ics and subtopics or higher difficulty material is provided (higher than basic
knowledge level requiring material).

User selects what he needs for future learning and saves it to his/her person-
al library (Fig. 4.3). By supporting student with ability to use personal library
and intelligent search, system concentrates on user needs.

Your Computer Learning Systems Exams Self control Read Administration Search My library Personal info

My collections
Case Study1 [+]

[ Delete collection ]

New collection title

[ Add new collection ]

My texts
Title Itraukimo data

Read Delete 4.1. Multi-level Governance of Climate Change 2012.10.22 11:44:49

Read Delete 4.5. Climate Change Migration 2012.10.22 11:45:28

Start testing

Fig. 4.3. Personal library (Created by author)
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Users in their own library collections can store 3 types of items:
e Subjects’ collections from learning materials;

e Texts and subjects needed for re-examination;

e Search results.

User is able to search all database material or specific teaching material by
using Intelligent Search Subsystem. Application of Intelligent Search Subsystem
increases the efficiency of finding suitable study material. According to research
results of Pekrun and colleagues, current intelligent tutoring systems are not
providing personalized search of study material (Pekrun et al. 2007).

Fig. 4.4 shows starting window for user search.

Your Computer Learning Systems Exams. Self control Read Administration Search My library

Search in module:

Head of the Design Documentation of a Construction Works of Exceptional Significance E|
Search keywords:

managment :: 1

property - 2
B ” et ol I [¥ Add with synonyms
il gefe 8 [ Add selected keyword from the list ]
New keyword: Weight for keywords adding:
1
Restore keywords ]
Weight: [¥| Advanced search options
@ Pages O Time
[ Add a keyword I Approximately 5 pages

Approximately minutes

| Search

Fig. 4.4. Keywords input (Created by author)

Quick search takes one word or phrase for search. In this case advanced
search with two keywords is performed. Each keyword contains additional
weight information. It gives higher priority for keyword in search result. User
personally is able to deal with weight scale which can be from 1 to 100 or from
0.1 to 1. Additional feature is that keyword synonyms can be added to keywords
list. There are three types of results: regular search result, search result that fits
to approximately user entered pages count or reading time. In this case, the
search for two keywords “management” and “property” was performed and five
pages document was requested.

When “Search” button is pressed, system starts search process. First step is
to reject material according to personal information. In this case learning mate-
rials with highest difficulty level and associated with passed topics are filtered.
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For further analysis 86 learning material alternatives will be used. Second step is
to generate criteria set for this search (see Table 4.1).

Table 4.1. Criteria set for search of learning material

Analysed criteria * Weights
Management + 0.3
Property + 0.2
Learning material - 0.2
difficulty

Learning material + 0.2
significance

Number of words + 0.05
Number of sentences | — 0.02
Number of pages + 0.03

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

Next step is to collect gathered learning materials’ alternatives statistics and
criteria parameters given by experts. After this the weighted, normalized deci-
sion-making matrix can be formed (see Table 4.2). The following formula is
used for this purpose:

g 2N i=1m; j=1n, 4.1)
i n

Z Xij

j=1
where: d; — the normalized weighted value of each criteria; x;; — the value of the
i™ criterion in the jIh alternative of a learning material; m — the number of crite-
ria; n — the number of the learning material alternatives compared; g; — weight of
the i" criterion.

In the next step the learning material alternatives are described by minimiz-
ing indexes S_; and maximizing indexes S, (see Table 4.3). The lower value of
minimized criteria’s is better and the greater value of maximized criteria’s is
better. The sums are calculated according to the formula:

S, =;d+,.j; S, =Zl‘,d_,-,-? i=lm; j=Ln. (4.2)

where: d_; — the normalized weighted value of minimizing criteria’s; d.; — the
normalized weighted value of maximizing criteria’s; m — the number of criteria;
n — the number of the learning material alternatives compared.
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Table 4.2. The weighted, normalized decision-making matrix for learning materials’
alternatives

Analysed criteria * Weights Analysed learning material alternatives
Learning Learning ... | Learning ma-
material material terial alternative
alternative 1 | alternative 2 86

Management + 0.3 0.0022 0.0035 ... 10.0028

Property + 0.2 0.0011 0.0042 ... 10.0018

Learning material - 0.2 0.0037 0.0030 ... [0.0014

difficulty

Learning material + 0.2 0.0045 0.0018 ... | 0.0066

significance

Number of words + 0.05 0.0024 0.0070 ... | 0.0087

Number of sentences | — 0.02 0.0030 0.0041 ... [0.0034

Number of pages + 0.03 0.0006 0.0006 ... | 0.0007

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

Table 4.3. The weighted, normalized decision-making matrix with sums of maximizing
and minimizing normalized weighted values for learning materials’ alternatives

Analysed criteria * | Weights | Analysed learning material alternatives
Learning material | Learning ma- ... | Learning ma-
alternative 1 terial alternative terial alternative
2 86
Management + 103 0.0022 0.0035 -+ 10.0028
Property + 102 0.0011 0.0042 -+ 10.0018
Learning material - 102 0.0037 0.0030 ---10.0014
difficulty
Learning material + 102 0.0045 0.0018 -+ 1 0.0066
significance
Number of words + | 0.05 0.0024 0.0070 --- 1 0.0087
Number of sentences | — | 0.02 0.0030 0.0041 --- 1 0.0034
Number of pages + | 0.03 0.0006 0.0006 --- 1 0.0007
Sum of maximizing normalized 0.0108 0.0171 -+ 1 0.0206
weighted values (S,)
Sum of minimizing normalized 0.0067 0.0071 -+ 1 0.0048
weighted values (S_)

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements
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The significance of the compared learning material alternative is determined
by describing the characteristics of positive learning material alternatives (“plus-
es”’) and negative learning material alternatives (“minuses’). The relative signi-
ficance Q; of each learning material alternative is found according to the formu-
la:

A Y 3 S,
0,=5., +— 2% j-in. (4.3)

+j n

S
S_]_.ZTmm

=l O
where: Q; — significance of the compared learning material alternative; S.; — the
sum of maximizing normalized weighted values; S_; — the sum of minimizing
normalized weighted values; S_pi, — the minimal S_; value of all learning materi-
al alternatives; n — the number of the learning material alternatives compared.

Table 4.4. The weighted, normalized decision-making matrix with the determined
priorities for learning materials’ alternatives

Analysed criteria * | Weights | Analysed learning material alternatives
Learning material | Learning material | ...| Learning
alternative 1 alternative 2 material alter-
native 86
Management + 103 0.0022 0.0035 --+1 0.0028
Property + 102 0.0011 0.0042 -+ 0.0018
Learning material - 102 0.0037 0.0030 ---1 0.0014
difficulty
Learning material + (0.2 0.0045 0.0018 -++[ 0.0066
significance
Number of words + | 0.05 0.0024 0.0070 --+ 0.0087
Number of sentences | — | 0.02 0.0030 0.0041 -+--1 0.0034
Number of pages + [ 0.03 0.0006 0.0006 -++[ 0.0007
Sum of maximizing normalized 0.0108 0.0171 -++[ 0.0206
weighted values (S,)
Sum of minimizing normalized 0.0067 0.0071 -++1 0.0048
weighted values (S_)
The significance of the learning 0.1925 0.2609 -1 0.2406
material alternative
The priorities of the learning materi- | 17 3 =15
al alternatives

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements
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The priorities of the learning materials’ alternatives are determined by com-
paring the significances of the learning materials’ alternatives. The greater is the
Q; the higher is the priority (see Table 4.4).

When the priorities of the learning materials alternatives are calculated, sys-
tem can start creating requested 5 pages document. Using priority information
from the top of learning material ordered list, document will be formed taking
one by one alternative. Process will be stopped after at least 5 page document
created.

Search result is presented in Fig. 4.5.

CREATED DOCUMENT WORDS COUNT:11136

1 11. HINKS, J. FM in the future — a speculation on key performance issues. In Proceedings of the International Conference
on Futures in Property and FM: Creating the Platform for Innovation. University College, London. 1999.

...Read

2 Lietuvoje ir Estijoje nuomos rinkos kainos augo kur kas 1é¢iau negu pirkimo ir pardavimo kainos. Pavyzdziui, Taline 2003—
2007 m. vidutiné nuomos kaina uz 2 kambariy buta iSaugo 34 %, o pardavimo kaina — 179 %, triju kambariy buty nuomos
kaina i8augo 10,6 %, o pardavimo kaina 203 % (Global Property Guide 2008, http:/'www.globalpropertyguide.com/). ...Read
3 Rusijos Federacija Facilities Management supranta kaip Ynpaenenue neogusxcumocmuio (nekilnojamojo turto valdymas),
tuo pagrisdama platesnio valdymo objektu spektro galimybe. ...Read

4 Savoka Facilities Management atsirado JAV XX a. viduryje. Zodis Facilities jvardija Zemés sklypus. pastatus, jrenginius,
prietaisus, technines pagalbines priemones ir infrastruktiira [9]. ...Read

5 Pastaty Tikio valdymo plétros kelias Europoje 1étas ir sudétingas. Si savoka pirma karta buvo pavartota 1980 m. Anglijoje
architekto Francis Duffi. Cia 1985 m. buvo jkurta AFM — Association of Facility Managers and Institute of Administrative
Muanagement / Facilites Management Group (IFM / FMG) [21] ...Read

6 Pasitinktos antiinfliacinés priemonés turéjo jtakos Latvijos nekilnojamojo turto rinkos dinamikai, todél buvo pasiektas
pagrindinis tikslas: sumaZéjo spekuliaciniy sandoriy skaiCius, paklausa, investicijos nukreiptos i kitas kryptis, bankai tapo
atsargesni iSduodami paskolas, o teisinis skolinimosi ir taupymo reguliavimas sugrie#tintas. Tai buvo pagrindiné priemoné,
turéjusi jtakos staigiam kainy kritimui, taciau veiké ir kiti veiksniai — didéjantis skirtumas tarp gyventojy pajamy ir
nekilnojamojo turto kainy, kainy kritimo likeséiai, palikany normos augimas, spartéjantys infliacijos tempai, grieztesné bankuy
skolinimo politika, nekilnojamojo turto rinkos nepatikimumas, nestabili 3alies ekonominé padétis (Global Property Guide
2008, http://www.globalpropertyguide.com/). ...Read

7 1% tarptautinés PUV asociacijos (International Facility Management Association, IFMA) pateikto apibréZimo [12] matyti,
kad pagrindiné PUV veikla yra neatskiriamai susfjusi su organizacijos nekilnojamojo turto (NT) ptieZiiira ir valdymu, su
paramos teikimu kaip produktyvia darbo aplinka: ,PUV U tai atskira valdymo funkcija, kuri apima tam tikra apibrézta
atsakomybiu kompleksa“. Papraséiau sakant, turto valdymas  organizacijos priemoniy valdymas. .. Read

8 Nekilnojamojo turto projekto valdymeo tikslas yra uztikrinti, kad vystytojo poreikiai buty patenkinti, pvz., sudarant projekto
koalicija, valdant biudZeta ir i§laikant pusiausvyra tarp projekto laiko, i§laidu, kokybés ir apimties, valdant sutartinius
santykius, derinant techninius reikalavimus ir planus bei poZinrj j problemas ir jvairiy suinteresuotuju grupiy likeséius
(Kerzner, 2010; PMI, 2008; Walker, 2007; Winch, 2010). Yra daug priemoniy, skirty nekilnojamojo turto projektams planuoti,
grafikams sudaryti, monitoringui ir projekto veiklos ataskaitoms parengti. Projektu vadovai pasiekti projekto tikslus padeda
tinkamy priemoniy ir technologiju, pvz.. darbo i$skaidymo struktiros (angl. Work Breakdown Structure (WBS)), kritinis kelio
metodo (angl. Critical Path Method (CPM)) ir jgytosios vertés valdymo (angl. Earned Value Management (EVM)),
naudojimas. ...Read

9 Projekty valdymo problemas nagrinéja Tarptautiné projekty valdymo asociacija ir Projekty valdymo institutas. Siems
klausimams skirtas tarptautinis Zurnalas ,International Journal of Project Management* (Zr.
http://www.sciencedirect.com/science/journal/02637863). Parengtas standartas ISO 10006: 2003(E) ,,Quality management
systems — guidelines for quality management in projects* (http://www.iso.org/iso/catalogue_detail htm?csnumber=36643) ir
kiti standartai. ...Read

10 Aukstos kokybés standartiné pastato fasado ir bendry naudojimo patalpy apdaila, $ivolaikiskos pastato inzinerinés
sistemos, prioritetas pastato valdymo sistemai (BMS — Building Management System) — tai sistema leidZianti realiu laiku
valdyti inZinerines pastato sistemas, stebéti ir automatiskai archyvuoti bitiniausia informacija. siusti pranesimus apie
pastatuose esamy sistemy veikimo pokycius ir energetiniy iStekliy naudojima; ...Read

Fig. 4.5. Search result (Created by author)
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Text of each result gives link to full document for additional studies or in-
formation for storage in own library. The whole search result also can be stored
in new personal library collection or added to existing one.

For students who are requesting more additional materials, system provides
links to video lectures or online calculations provided by other universities ac-
cording to the chosen subject (Fig. 4.6).

e S T s e el Adim Search My library e Calculators

TOP 20 Universities Videos to Climate Change

1.  Yale University, Prof. John Wargo: Lecture 20 - Managing Coastal Resources in an Era of Climate Change http://videolectures.net/yale¢
2. University of Cambridge, D. A. Hodell: Abrupt Climate Change During the Last Ice Age From the Perspective of 17°N, 90°W http://www
3. University of Cambridge, Alison Cooke talks to Climate Change TV about the global energy demands http://www.youtube.com/watch?
4.  Imperial Colledge London, Sir Brian Hoskins: What does the future hold? http://www.youtube.com/watch?v=AvI1kPL1w5M

5.  Stanford University, Andreas Schafer: Transportation and Climate Change http://www.youtube.com/watch?v=8gXUDVrwfcQ
University of Cambridge, Professor David MacKay FRS: How the Laws of Physics Constrain Our Sustainable Energy Options http://www
University of Cambridge, Professor Sir Partha Sarathi Dasgupta, FBA, FRS: Climate Protection May Cost Less Than You Think http://ww

University of Cambridge, Professor David MacKay FRS: Sustainable Energy - Without the Hot Air http://www.youtube.com/watch?v=G

© ® N o

Stanford University, Professor Mark Z. Jacobson, Stewart Brand Debate: Does the world need nuclear energy? http://www.youtube.con
10. University of Cambridge, Terry Barker: Decarbonisation and the Credit Crisis http://www.youtube.com/watch?v=HQps1FyaTns
11. University of Cambridge, Martin Sewell: BITCI CEO Forum on Climate Change 2009

a. Part 1 http://www.youtube.com/watch?v=wUjpWxdTVus&feature=relmfu

b.  Part 2 http://www.youtube.com/watch?v=fSImWI5S9MmM&feature=relmfu

LS Part 3 http://www.youtube.com/watch?v=QiUL476Walo&feature=relmfu
12. University of Cambridge, Gloria Chang: Sea ice melt is like our global air conditioner breaking down http://www.youtube.com/watch?v=
13. Yale University, Nayan Chanda and Bo Ekman: Is Global Warming Real? How To Avert the Threat http://www.youtube.com/watch?v=PIL
14. Yale University, Anthony Leiserowitz, Ph.D.: Global Warming's Six Americas http://www.youtube.com/watch?v=2I5u9rfUSLA

Fig. 4.6. Links to video lectures of Top 20 Universities (Created by author)

Scientists Gutierrez and Atkinson and others during their research found
that it is very important to guarantee the appropriate feedback between the par-
ticipants of study process (Gutierrez and Atkinson 2011; Urban-Lurain 2010).

The presented Intelligent Tutoring System, performs this function in the au-
tomated way (by providing assessment and links for additional studies). User has
no limitations in creating the collection. Additionally he has ability to take col-
lection tests and check knowledge level in one or another field.
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4.2. Case Study of Students’ Self-Tests and
Examination Process by Using Intelligent Tutoring
Subsystem

The main part of tutoring process is to collect primary information about the
student. That information will help to determine starting difficulty of tutoring
and material, self-tests and examination that need to be filtered. User can add
additional data by managing his/her account. Fig. 4.7 shows administration win-
dow of user’s personal information.

ILS LT|EN|RU 007! [ Log Out ]

Your systems Exams Self control Read Administration Game zone Personal info Search My library

Studies book Nr.

Name

[oo7

Surname

[wr

E-mail

jtestuser@(estrnailserver,com

Exam difficulty level

[Normal |
Update |

Additional information

School results

Subject title Tnterest in learning Difficulty Stress Type of evaluation
Delete Chemija 10 9 6 5 Atestacijos pazymys

Delete Matematika 6 3 3 10 Egzaminas

Delete Fizika 5 9 10 10 Egzaminas

Additional information

School results

Subject title Mark Interest in learning Difficulty Stress ‘Type of evaluation
Delete Chemija 10 9 6 5 Atestacijos pazymys
Delete Matematika 6 8 8 10 Egzaminas
Delete Fizika 5 9 10 10 Egzaminas

Add information about the secondary school's results

[Chemija k|
Type of evaluation

[Exam |
Mark

[

Interest in leaming

[

Difficulty

[

Stress

m

Add |

University results
Module Mark Tnterest in learning Difficulty ~ Stress  Semester

Edit Delete  Teoriné mechanika 1 6

Edit Delete  Chemija

Edit Delete  Filosofija 5

©
o - =

Edit Delete Inzineriné ir kompiuteriné grafika 8
Delete  Fizika 1 5

-

Fig. 4.7. Personal information (Created by author)

User is also able to manually choose starting complexity level of test (Fig.
4.8).
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Your Computer Learning Systems Exams Self control Read Administration Search My library Personal info
Module
Head of the Design Documentation of a Construction Works of Exceptional Significance E

Choose a theme:

Preparation of data for designing
Managing the design process
Execution of design documentation
Hygiene, health and environment protection Y
Fire safety requirements for buildings

Dynamically changing the severity level
Complexity:
Easy

l Begin testing
Fig. 4.8. Manual and dynamic choosing of test complexity level

When “Begin testing” button is pressed, system is collecting questions asso-
ciated with the selected topic. During this process already successfully passed
questions are filtered. Additionally personal student filter rejects not desirable at
that moment, according personal student selected parameters, questions. For fur-
ther analysis 24 questions alternatives for self-test will be used. For test ques-
tions’ alternatives analysis set of criteria is generated (see Table 4.1).

Table 4.5. Set of criteria for test questions’ alternatives

Analysed criteria * Weights
Question difficulty - 0.35
Question significance + 0.35
Recommended maximal - 0.15

stress level

Recommended minimal - 0.15
curiosity level

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

Next step is to collect gathered criteria parameters of test questions’ alterna-
tives given by experts. After this the weighted, normalized decision-making ma-
trix can be formed (see Table 4.2). The following formula is used for this pur-
pose:

g i i=lms j=ln, (4.4)
L n
i
j=1

where: d;; — the normalized weighted value of each criteria; x; — the value of the
i™ criterion in the jlh alternative of a test question; m — the number of criteria; n —
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the number of the test question alternatives compared; g; — weight of the i crite-

rion.

Table 4.6. The weighted, normalized decision-making matrix for test questions’

alternatives
Analysed criteria * Weights | Analysed test question alternatives
Test question Test question .| Test question
alternative 1 alternative 2 alternative 24
Question difficulty - 0.35 0.0206 0.0137 -1 0.0206
Question signific- + 0.35 0.0107 0.008 -1 0.0214
ance
Recommended max- | — 0.15 0.0063 0.0071 -1 0.0063
imal stress level
Recommended mi- - 0.15 0.008 0.0057 -1 0.0102
nimal curiosity
level

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

In the next step the test questions alternatives are described by minimizing
indexes S_; and maximizing indexes S, ;(see Table 4.7).

Table 4.7. The weighted, normalized decision-making matrix with sums of maximizing

and minimizing normalized weighted values for test questions’ alternatives

Analysed criteria * | Weights | Analysed test question alternatives
Test question Test question .| Test question
alternative 1 alternative 2 alternative 24
Question difficulty - 1035 0.0206 0.0137 -[ 0.0206
Question signific- + | 0.35 0.0107 0.008 -1 0.0214
ance
Recommended max- | — | 0.15 0.0063 0.0071 -[ 0.0063
imal stress level
Recommended - [0.15 0.008 0.0057 -[ 0.0102
minimal curiosity
level
Sum of maximizing normalized 0.0107 0.008 -1 0.0214
weighted values (S)
Sum of minimizing normalized 0.0349 0.0265 -| 0.0371
weighted values (S_)

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements
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The lower value of minimized criteria’s is better and the greater value of
maximized criteria’s is better. The sums are calculated according to the formula:

S.; :;dﬂ'j S :Zld’i/‘ »i=lm; j=ln. (4.5)

where: d_; — the normalized weighted value of minimizing criteria's; d.; — the
normalized weighted value of maximizing criteria’s; m — the number of criteria;
n — the number of the test question alternatives compared.

Table 4.8. The weighted, normalized decision-making matrix with the determined
priorities for test questions’ alternatives

Analysed criteria * Weights | Analysed test question alternatives
Test question | Test question | ... Test question
alternative 1 | alternative 2 alternative 24
Question difficulty - 0.35 0.0206 0.0137 e 0.0206
Question significance + 0.35 0.0107 0.008 e 0.0214
Recommended maximal | — 0.15 0.0063 0.0071 e 0.0063
stress level
Recommended minimal | — 0.15 0.008 0.0057 0.0102
curiosity level
Sum of maximizing normalized weighted 0.0107 0.008 0.0214
values (S,)
Sum of minimizing normalized weighted 0.0349 0.0265 0.0371
values (S_)
The significance of the test question alter- 0.0302 0.0337 0.0398
natives
The priorities of the test question alterna- 24 22 e 13
tives

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

The significance of the compared test question alternative is determined by
describing the characteristics of positive test question alternatives (“pluses”) and
negative test question alternatives (“minuses”). The relative significance Q; of
each test question alternative is found according to the formula:

S—mjn : zs—j P
= j=Ln. (4.6)
Qj = S+_/‘ + n] S )
S,_/ . —min

S

j=t 2=
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where: Q; — significance of the compared test question alternative; S,; — the sum
of maximizing normalized weighted values; S_; — the sum of minimizing norma-
lized weighted values; S_.;, — the minimal S_; value of all test question alterna-
tives; n — the number of the test question alternatives compared.

The priorities of the test question alternatives are determined by comparing
the significances of the test question alternatives. The greater is the Q; the higher
is the priority (see Table 4.8).

When the priorities of the test questions’ alternatives are calculated, top 20
questions are taken for testing needs. During the test they appear in random se-
quence and in case of big amount of fails, left amount of questions can be rege-
nerated by lowering the difficulty level. For example, Fig. 4.9 illustrates that
Intelligent Tutoring Subsystem has changed difficulty level from “level 17 to
“level 2” during the test.

Your Computer Learning Systems Exams Self control Read Administration Search My library Personal info

CLIMATE CHANGE: SOCIAL SCIENCE AND POLICY PERSPECTIVE Difficulty:2

Social-ecological system is:
o

mechanism to integrate ecosystems, expert systems and neural network
[u]

mechanism to integrate human systems and decision support systems

mechanism to integrate ecosystems, human systems and governance systems

’ Go to the next question

Question: 10 from 18
Time left: 18min. 23s.

Fig. 4.9. Self-test. Randomly listed questions and answers and dynamically
assigned difficulty (Created by author)

In the analysed case it actually happened — at the beginning of the self-test
student received questions with difficulty level “2”. Though he failed to answer
one to another number of questions established by test administrator, the system
automatically modified further questions to simpler ones — from difficulty level
“1”. When test is finished, user gets mark with wrong answers’ explanations
(Fig. 4.10).

Test administrator is able to manage count of correct or incorrect answers
in order to raise or lower difficulty; additionally, test can be ended after few
answers. Basing on wrong answers teaching material is prepared. User can save
it (in “collections”) for future studies (Fig. 4.11).
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Your Computer Learning Systems Exams Self control Read Administration

NAME ofF Test/Exam: WOODEN AND PLASTIC STRUCTURES

1. Difficulty level of the question: 3

Can the parties concerned change micro-environment variables?
Your answer:

Yes

Read
The correct answer:

No

Read

2. Difficulty level of the question: 3
The energy policy of the European Union has set a target of limiting the global temperature rise to:
Your answer:

2°C

3. Difficulty level of the question: 3

Climate change mitigation is defined as:

Fig. 4.10. Results of self-test (Created by author)

18. Difficulty level of the question: 3
The three levels that define the concept “energy access” are:
Your answer:

Basic human needs, productive uses, undeveloped society needs

Read
The correct answer:

Basic human needs, productive uses, modern society needs

Read

Your ResuLT: 3,89

Level Correct Mistakes

1 0 [}
2 0 3
3 7 8

Save results as:

For example ..: Materials for publication

Save

Fig. 4.11. Storing of not learned (failure answering of self tests questions) material
to personal library (Created by author)

Student stores to his/her personal library all the material connected to
wrongly answered questions during the self-test. After the second study of ma-
terial, student takes self-test again and re-examines his knowledge (Fig. 4.12).
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Your Computer Learning Systems Exams Self control Read Administration Search My library Personal info

My collections
ToRetakeTheTest [

Delete collection

New collection title

Add new collection

My texts

‘RLMM 1.2. Life Cycle Process Model of Climate Change Mitigation 2012.10.22 16:52:37
‘Rg_adp_e_l_e_t_e 1.1. Climate Change Mitigation 2012.10.22 16:52:37
‘ Read Delete 2.1. Two Types of Knowledge 2012.10.22 16:52:37
‘Be_ad Delete 3.1. Neural Networks and Climate change 2012.10.22 16:52:37

‘ Read Delete 4.1. Multi-level Governance of Climate Change 2012.10.22 16:52:37

i172f

Start testing

Fig. 4.12. Re-examination of knowledge from the study material stored in student’s
personal library (Created by author)

Study and self-testing process repeats till the moment that student provides
right answers to all of the questions.

Self-test date, assessment (mark), information on right and wrong answered
questions of each student are stored in Historical Statistics Database. Student
and tutor (administrator of the system) is able to review this data (Fig. 4.13).

Your Computer Learning Systems Exams Self control Read Administration

Group average: 3,49
[ Group statistic J

[ Tests statistic J
‘ Library tests statistic ‘

Level Correct Mistakes
1 9 484

2 163 2002

3 206 64

Fig. 4.13. View of historical statistics database (Created by author)

One of the factors influencing self-motivation is competition. Student who
is getting statistical information about achievements of students from his/her
group is concerned to keep up with and even to outmatch. Student is provided
with information about:

o Average results of particular test and exam;
¢ The most difficult questions rated by system:;
o Taken tests from collections stored in “My library”.

Tutor is able to change the parameters of student’s individual study pro-
gramme (i.e. difficulty level) or to give advices directly to the student.
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The importance to individualized tutoring was proven by Lentidis and Halt-
sis. In the developed Intelligent Tutoring System it is implemented on the basis
of study material and self-testing. Dynamic provision of learning material and
difficulty, determination of student’s character features helps to choose the most
appropriate learning style which importance has been proven in scientific works
(Popescu 2010).

4.3. Case Study of Evaluation of Built Environment
Projects’ Alternatives

Basing on the previously discussed methods, the Built Environment Computer
Learning Subsystem (BECLS) was developed. Every user of the system has abil-
ity to create new project or import existing best practice projects for future mod-
ifications (see Fig. 4.14).

BECLS

Student Create new
project

Project update

Fig. 4.14. Actions of built environment computer learning subsystem user
(Created by author)

There is no limitation for projects’ count or size of BECLS user. BECLS
subsystem performs integrated checking of projects and user cannot publish
created project if it did not pass the check. The result of project check is errors
list that can show problematic areas and solutions for corrections of errors.

The administrator of BECLS subsystem additionally is able to create new
best practice templates for the BECLS subsystem templates library. Administra-
tor can make changes and corrections in all projects created in BECLS subsys-
tem (Fig. 4.15).
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BECLS

Create new
project
Administrator
Project update
Projects check

Manage best
practice projects
templates

Fig. 4.15. Actions of built environment computer learning subsystem administrator
(Created by author)

Project design scheme in the BECLS is illustrated in Fig. 4.16.

group

Set parameters

measurement
units

Create new
project

Fig. 4.16. Creating of new built environment computer learning subsystem project
(Created by author)

Correct objects and criteria’s are important as well as correct and unders-
tandable descriptions are needed in order to make personal BECLS project user
friendly. Only measurement units can be reused in all systems of user. Each user
creates his own collection of measurement units, and only in case of importing
best practice data measurement units are added automatically.

Creating of the new project in BECLS starts with development of system
description, it can be updated in future. Next step can be creating of objects’
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group or inserting measurement units. When needed objects’ groups and mea-
surement units are obtained, criteria of objects and objects’ groups can be devel-
oped.

At the end it is possible to set parameters for objects’ parameters. If system
passes errors check it can be published for public use or can be used for personal
purposes.

In order to show the real life application of the BECLS subsystem, project
“Analysis of 6 main building requirements” created by one of system users will
be taken as an example.

First step is to create project name and description. By web text editor user
is able to add additionally some documents, video material and useful links. In
this example it is just system name and short description (Fig. 4.17).

Please choose a system:
Real estate developer of practical computer training system H

Please select a subsystem:
Real Estate Development Simulation System B

Your systems
New system nhame
New system description

Bl souce W O E

B I U = X, x*

L
.| @
9w °
%

%

%

0
=
"

B

L

b

b

body p 4

Logo of the system

Choose File | No file chosen

Publish immediately?

‘ Add system

Fig. 4.17. Beginning to create new project (Created by author)

Next step is to create objects’ groups. Five objects’ groups in this case are
created:
e Object;
e Mechanical strength / Fire Safety / Protection against noise / Energy
saving and heat preservation requirements;
e Hygiene, health and environmental protection requirements;
e Use of safety;
e Sanitary requirements.
Fig. 4.18 illustrates creating window of objects’ groups.
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Your systems:
6 analysis of the key requirements applicable to buildings [

Object group of system
I Y ™ S
Edit Select Delete 179 Object

Edit Select Delete 180 Requi for

fire safety, noise control, energy saving and heat retention
Edit Select Delete 181 Requirements for hygiene, health and environment protection

Edit Select Delete 182 Exploitation safety

Edit Select Delete 183 Hygiene requirements

Object group name

Object group description

body p

Add a group

Fig. 4.18. Window of creating new objects’ groups (Created by author)

After objects’ groups are created it is possible to start inserting objects of
objects’ groups (Fig. 4.19). At this point object criteria parameters are not
needed.

Appropriate title and description provide more clearance for project results’
analysis. Full selected alternative documentation can be made if it is available.

Each objects’ group has own criteria collection. Fig. 4.20 shows window of
adding criteria to object group criteria list.

Your systems

6 analysis of the key requirements applicable to buildings B

Object group of system

Object [
I ™ S

Edit Select Delete Building from clay blocks

Edit Select Delete Building from silicate blocks
Object title
Object description

rce WO GR & ol W O W @He =@ bl B (B = By,
B I U s X x2 i i = s & Boo=@%0=e
)| Nomal o

body p

4

(

Add object ]

Fig. 4.19. Creating of new object in object group (Created by author)
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Your systems:
6 analysis of the key requirements applicable to buildings H

Object group of system
Object

Edit Select Delete 0.34 Lt/m3 Price

Edit Select Delete 0.04 kg/m3 Density

Edit Select Delete|0.03 % Water absorption as per LST 1428.18:1997
Edit Select Delete|0.03 % Moisture absorption

Edit Select Delete|3 Points Volume constancy

Criteria name EN

Description of the criteria EN
Is the criteria maximizing?
Criteria weight

Measure unit

mm [

[ Add

Fig. 4.20. Adding criteria for new objects’ group (Created by author)

It is very important to have both maximizing and minimizing criteria.
Weight of the criteria must be calculated by method preferred by user. When all
objects groups’ criteria are added, last step is to add parameters of object crite-
ria. There is an ability to insert the whole list of selected object group or add pa-
rameters one by one. Fig. 4.21 shows window of inserting and updating parame-
ters.

Your systems:

6 analysis of the key requirements applicable fo buildings
Object group of system

Object

Objects of the group objects

Building from clay blocks

Criteria of the object group of the system

Price

ol E E E

Parameter

340

[ Update
Quick update parameters

[ Fast multiple values input |

[ System check |

Fig. 4.21. Inserting and updating objects’ parameters (Created by author)
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Fastest way is to insert or update the whole list of the group parameters.
Additionally user can manually check system for error corrections.

After all parameters are inserted, it is possible to move to main page to see
the created system as a result. Fig. 4.22 shows all objects in the created object

group.
Select objects group

Object [-]

Qualitative and quantitative description of the alternatives:

Quantitive and qualitative information pertinent to alternatives

o . . . 5 . Compared alternatives

Criteria describing the alternatives * |Measuring units||Weight
Building from clay blocks Building from silicate blocks

Price - |[Lt/m3 0.34 340 250
Density - ||kg/m3 0.04 250 1400
Water absorption as per LST 1428.18:1997|- ||% 0.03 19 18
Moisture absorption - ||% 0.03 5 4
Volume constancy +||Points 3 1 1

*- The sign " +/-" indicates that a greater (less) criterion value corresponds to a greater significance for a user (stakeholders)

Fig. 4.22. Objects’ group “Object” primary data (Created by author)

User can be familiarized with primary data before starting of multivariant
calculations. By pressing on criteria or alternative name, user can get detail de-
scription.

First step for the system calculations is multiple criteria evaluation of the
object groups’ alternatives. For each group significance and priority of alterna-
tives are calculated. Further object group “Object” will be analysed as an exam-
ple.

Using primary data the weighted, normalized decision-making matrix can
be formed (see Table 4.9). The following formula is used for this purpose:

4 _ X4y i=1ms j=1Ln, 4.7)

i n

where: d;; — the normalized weighted value of each criteria; x;; — the value of the
i™ criterion in the jlh alternative of a object; m — the number of criteria; n — the
number of the object alternatives compared; ¢; — weight of the i criterion.
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Table 4.9. The weighted, normalized decision-making matrix for objects’ alternatives

Criteria describing the * | Measuring | Weights | Analysed objects’ alternatives

alternatives units Building from | Building from
clay blocks silicate blocks

Price - | Lt/m’ 0.34 0.1959 0.1441

Density - | Kg/m® 0.04 0.0151 0.0249

Water absorption as per - | % 0.03 0.0154 0.0146

LST 1428.18:1997

Moisture absorption - | % 0.03 0.0167 0.0133

Volume constancy + | Point 3 1.5 1.5

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements

In the next step the object alternatives are described by minimizing indexes
S_; and maximizing indexes S.;. The lower value of minimized criteria’s is better
and the greater value of maximized criteria’s is better. The sums are calculated
according to the formula (see Table 4.10):

S, :;dﬂ'j S, :Zld’i/‘ si=Lm; j=ln. (4.8)

where: d_; — the normalized weighted value of minimizing criteria’s; d.; — the
normalized weighted value of maximizing criteria’s; m — the number of criteria;
n — the number of the object alternatives compared.

Table 4.10. The weighted, normalized decision-making matrix with sums of maximizing
and minimizing normalized weighted values for objects’ alternatives

Criteria describing the * | Measuring | Weights | Analysed objects’ alternatives

alternatives units Building from | Building from
clay blocks silicate blocks

Price - | Lt/m’ 0.34 0.1959 0.1441

Density - | Kg/m® 0.04 0.0151 0.0249

Water absorption as per - | % 0.03 0.0154 0.0146

LST 1428.18:1997

Moisture absorption - | % 0.03 0.0167 0.0133

Volume constancy + | Point 3 1.5 1.5

Sum of maximizing normalized weighted values (ad- 1.5 1.5

vantages of objects’ alternative S )

Sum of minimizing normalized weighted values (disad- | 0.2431 0.1969
vantages of objects’ alternative S_)

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements
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The significance of the compared objects’ alternative is determined by de-
scribing the characteristics of positive object alternatives (“pluses”) and negative
object alternatives (“minuses”). The relative significance Q; of each object alter-
native is found according to the formula:

Sfmin : S*'
L Sy @9
J +J n
S—j . Sfmin
S

RS
where: Q; — significance of the compared object alternative; S,; — the sum of
maximizing normalized weighted values; S_; — the sum of minimizing norma-
lized weighted values; S_p;, — the minimal S_; value of all object alternatives; n —
the number of the object alternatives compared.

The priorities of the objects’ alternatives are determined by comparing the
significances of the objects’ alternatives. The greater is the Q; the higher is the
priority.

The degree of objects’ alternative utility is determined by comparing the
analysed object alternative with the most efficient object. In this case, all the
utility degree values related to the project analysed will range from 0% to 100%.

This will facilitate a visual assessment of the project’s efficiency (see Table
4.11).

Table 4.11. The weighted, normalized decision-making matrix with the determined
priorities for objects’ alternatives

Criteria describing the * | Measuring | Weights | Analysed objects’ alternatives

alternatives units Building from | Building from
clay blocks silicate blocks

Price - | Lt/m’ 0.34 0.1959 0.1441

Density - | Kg/m® 0.04 0.0151 0.0249

Water absorption as per - | % 0.03 0.0154 0.0146

LST 1428.18:1997

Moisture absorption - | % 0.03 0.0167 0.0133

Volume constancy + | Point 3 1.5 1.5

Sum of maximizing normalized weighted values (S,) 1.5 1.5

Sum of minimizing normalized weighted values (S_) 0.2431 0.1969

The significance of the objects’ alternative(Q;) 1.6969 1.7431

The priorities of the objects’ alternatives 2 1

Utility degree of the object alternative (%) 97.35 100

* — Sign (+/—) shows, respectively, the better/poorer value of the criterion of requirements
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The formula used for calculating object alternative utility degree N, is the
following:

9 100%- (4.10)

max

N.=

J

where: N, — the degree of /" object alternative utility; Q; — the relative signific-
ance of j' object alternative; Q..x — the most efficient relative significance from
the existing object alternatives.

Fig. 4.23 shows real system result of multi objective assessment of the al-
ternatives for first objects’ group. Results show that object “Building from sili-
cate blocks” is prior to “Building from clay blocks”. It is possible to try check-
ing if change of parameters will change objects’ priority. For example, it is
possible to try minimizing of price of object with priority 2. For this purpose
system uses method proposed in Chapter 2.2.3. As shown in Fig. 4.24, only one
price approximation cycle is required for object “Building from clay blocks” to
get priority 1. Price is reduced to 250 Lt/m’ and it is enough to make “Building
from clay blocks” more attractive.

System description Description of alternatives Results of multiple criteria evaluation of the alternatives Computer-aided development of the fe{

Recommendations for user

Calculation time: 0.4891162s
Select objects group

Object [
Q itive and itative i i ertinent to
[comp i
Criteria describing the alternatives * ing units ig I

‘ Building from clay blocks||[Building from silicate blocks

Price| -[Lt/m3 034 e e

. 0.0151 0.0249
Density) kg/m3 009 AVG MIN AVG MIN
Water absorption as per LST 1426.18:1997) -|% 0.03 Pread |
. . o, 0.0167 0.0133
2] -|[% .
Moisture absorption % 0.03 AVG MIN AVG MIN
" 15 1.5
Volume constancy

Volume constancy| +Points 3 AVG MIN AVG MIN
The sums of wei i ized imizi proj ‘pluses’) indices of the i 1.5 1.5
The sums of weighted lized minimizing (proj 'mil ') indices of the alternative| 0.2431] 0.1969
ignifi of the i 1.6969 1.7431
Priority of the alternative| 2 1
Utility degree of the alternative (%) 97.35%| 100%

*- The sign "+/-" indicates that a greater (less) criterion value ponds to a greater signifi for a user (stakeholders)

Fig. 4.23. Multi objective assessment of the alternatives for first objects’ group
(Created by author)
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It is determined whether the corrected value being

C tion infl e
valuated had been calculated accurately enough | orrection

Approximation cycle||The corrected value

0 340 26.47%] 2.6162%
1 250 0% 0%
350
300 -
250 -
¥ 200
£
2 150 -
100
50
0
0 1
Cycle
|[Criterions\\Objects [* " |[significance| [Building from clay blocks| Building from silicate blocks
|[Price |[0.34][- 0.1959 0.1441
|[Density |[0.04]- 0.0151 0.0249
|[Water absorption as per LST 1428.18:1997([0.03]|- [0.0154 0.0146 |
|Moisture absorption |[o.03] |[0.0167 [0.0133 \
|[Volume constancy Ik |[1.5 .5 \
([s+ L5 1.5
[ls- 0.2431 0.1969
e 1.6969 1.7431
P 2 1
IIN 97.35% 100%
|[Criterions\\Objects |[* " |[significance||Building from clay blocks [Building from silicate blocks|
|[Price |[o.34]F J[0.17 Jo.17 \
([Density [[o-04][- [0-0151 [0-0249 |
|[Water absorption as per LST 1428.18:1997][0.03]- |[0.0154 0.0146
|Moisture absorption |[0.03][- 0.0167 0.0133
||Volume constancy ||3 ||+ 1.5 1.5
(5= 1.5 1.5
(- [o-2172 0.2228 \
e (17228 1.7172 |
(3 i k |
N |[100% [99.67% \

Fig. 4.24. Object criteria optimization (Created by author)

Fig. 4.23 shows priority calculations only for one group. If multivariant so-
lution is needed, at least 2 groups of objects should be analysed. In provided ex-
ample, there are five different groups of objects. For this purpose system uses
method proposed in Chapter 2.2.2. Results of multivariant calculations are pro-
vided in Fig. 4.25.
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Calculation time: 0.0671013s

Number of possible alternatives: 5832

Criteria 1215 1215 1215 1215 1215
i Measuring : 1218 1216 1218 1218 1216
describing the ||* \mits Weight 1520 e S I I
alternatives 1230 1230 1230 1225 1230
1235 1235 1238 1235 1238
244 1244 1244 11244 1244
IPrice FLym3 0.34 }0.009004 0.009004 0.009004 [(0.009004 0.009004 |
||Densig - | kg/m3 0.04 ]/0.001556 ||0.001556 |0.001556 |[0.001556 0.001556
\Water
absorption as | 1y, 0.03 [0.000912 [0.000912 0.000912 0.000912 [0.000912
per LST
1428.18:1997
”ML““F - (% 0.03 ||0.000833 ||0.000833 0.000833 |(0.000833 /0.000833
Volume +|Points 3 0.09375  ||0.09375 0.09375  |[0.09375  |0.09375
constancy
Pollution by
construction |[+|Points 0.03 ||0.000882 ||0.000882 |0.000882 |(0.000882 0.000882
products
Fﬂﬂ@mﬁm +[Points  [0.03 [0.00101  [0.00101  [0.00101 |0.00101  [0.00101
pollutants
Pollutants
from humans, |, lpiec loo3 o001 fooor  fo.oor oo  0.001
animals and
The sums of weighted normalized
maximizing (projects ‘pluses’) 0.17753 0.177626 0.178625 |[0.175701 ||0.178721
indices of the alternative
The sums of weighted normalized
minimizing (projects ‘minuses’) 0.051141 |{0.052272 /0.053453 ||0.051141 /0.054584
indices of the alternative
Significance of the alternative 0.23679708/(0.23561073/0.23532861|[0.23496808 /0.23424969
Priority of the alternative 1 2 3 4 5
Utility degree of the alternative (%) ||100% 99.5% 99.38% 99.23% 98.92% |

Fig. 4.25. Results of multivariant calculations (Created by author)

Fig. 4.25 shows that best alternative is set of objects (1215, 1218, 1230,
1235 and 1244). It is possible to get detail recommendations report for object
group to see if it is possible to make one or another object more attractive (Fig.

4.26).
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Select objects group

Object 3
Quantitive and itative i ion pertinent to
Compared alternatives
ible i of the ly criterion in %
Criteria ibing the i * i i ig| ible increase of the market value of the alternative in %
i d value of the af i d criterion
[Building from clay blocks [Building from silicate blocks |
340 250
Price - |[Lt/m3 0.34 (26.47%) (0%)
(2.6163%) (0%)
850 1400
Density - |kg/m3 0.04 | (0%) (39.29%)
(0%) (0.4568%)
19 18
\Water absorption as per LST 1428.18:1997||- |% 0.03 (5.26%) (0%)
(0.0459%) (0%)
5 4
Moisture absorption - % 0.03 (20%) (0%)
(0.1744%) (0%)
1 1
\Volume constancy Point: 3 (0%) (0%)
(0%) (0%)
*-The sign "+/-" indicates that a greater (less) criterion value ponds to a greater signifi for a user (stakehold:

TOP 3 object criterions that have greatest influence on ranking

Building from clay blocks

Possible increase of the market value of the

Criteria describing the ible imp: of the lysed in %
alternatives criterion in % through i d value of the afc ioned
criterion
1||Price 26.47% 2.6163%
2||Moisture absorption 20% 0.1744%

\Water absorption as per LST

1428.18:1997 5.26% 0.0459%

Building from silicate blocks

Possible increase of the market value of the
Criteria describing the Possible impi of the lysed lf ivein %
alternatives criterion in % through i d value of the
criterion
1)|Density 39.29% 0.4568%
2||Price 0% 0%
3 0% 0%

Fig. 4.26. Recommendations for object group (Created by author)

For “Building from clay blocks” object main three criteria that have greatest
influence on ranking are: Price, Moisture absorption and Water absorption as per
LST 1428.18:1997. For second object, only one criteria optimization (Density)
has influence on ranking.

It can be summarized that BECLS provides an opportunity for the special-
ists of built environment (students) to make their decisions on project manage-
ment in fast and convenient way. The importance of these parameters to work
efficiency was also emphasized by Magsood et al. (2006). Transfer of best prac-
tice in the system is ensured by use of criteria systems provided by experts. This
gives an opportunity to make individual calculations for comparison of alterna-
tives. Magsood et al. (2006) also argues that experience in solving practical
tasks is transferred better than in case of reading the study material. In the de-
veloped system both approaches are used.
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4.4. Conclusions for Chapter 4

1.

The developed Intelligent Tutoring System for Built Environment is
practically applied in study process at Vilnius Gediminas Technical
University, in Construction Technology and Management as well as
Real Estate Management master study programmes. During the testing
of the system 340 students were registered and used the system.
Individualization of students’ tutoring was practically implemented both
in providing study material and testing knowledge acquired by student.
Analysis of approximately 100 built environment projects’ alternatives
was performed by using Built Environment Computer Learning Subsys-
tem (BECLS).

Analysis of historical data statistics from the developed system revealed
that more than 50% of students took self tests 3 or more times. This al-
lows come to conclusion that self-testing function of Intelligent Tutoring
System for Built Environment is significant to students in learning
process.






General Conclusions

Analysis of scientific literature proved the novelty of the solution pro-
posed in dissertation. Solution integrates multivariant design into tutor-
ing processes — it, as known by author, was never researched and practi-
cally implemented before.

Model of the Intelligent Tutoring System for Built Environment was de-
veloped for the first time. It is novel due to:

e Adaptive and personalized learning and testing is performed ac-
cording to the student’s curiosity, preferred difficulty levels and
psychological condition;

e Personalized search is available as there is a possibility to create a
lot of learning alternatives and to select the best one according to
individual student needs;

e The possibility to analyse, assess a lot of alternatives and select
the best one while preparing homeworks, course projects and final
works is ensured.

The prototype of Intelligent Tutoring System for Built Environment was
developed and tested. The main results are as follows:

101



102

CONCLUSIONS

Time needed for creating built environment project and best alter-
native selection was reduced more than 10 times, according expe-
rimental tests results;

During the testing approximately 100 new or modified built envi-
ronment projects were created by students;

Students tested more than 1000 personalized learning alternatives
and passed self tests;

Analysis revealed that students who had passed self-testing before
exam at least two times got approximately 1 point higher mark
than whose who hadn’t.
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