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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 training and self-control process. Integrated intelligent search subsystem helps to develop the study plan for the themes of interest. The system continuously monitors 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 development can be a good source of knowledge for new or similar projects evaluations. Calculation results can be saved for further research or shared with other users of the system.

The dissertation consists of Introduction, 4 Chapters, Conclusions, References, 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 environment. All parts off developed system are reviewed including methods, submodels, 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 published: 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.
Reziumė

Disertacijoje nagrinėjama studentų mokymo ir testavimo problema. Problemai spręsti buvo sukurti ir pritaikyti nauji modeliai, algoritmai ir sistema. Sukurta sistema leidžia organizuoti individualų ir grupinį mokymo ir savikontrolės procesą. Integruota intelektinė paieškos posistemė leidžia sudaryti dominančios tematikos mokymosi planą. Sistema nuolat stebi vartotoją ir gali reaguoti į jo mokymosi nesėkmes.

Sukurta kompiuterinio mokymo posistemė, skirta statiniams ir jų aplinkai, atlieka praktinį statinių ir jų aplinkos projektų vertinimą. Pagrindinė išspręsta problema kuriant posistemę yra laiko sąnaudų mažinimas, kurių reikėtų kuriant atskiras sistemas. Žinių bazė, kuri buvo sudaryta kuriant sistemą gali tapti pagrindu naujiems ar panašiems projektams vertinti. Skaičiavimo rezultatai gali būti išsaugoti tolesniems tyrimams atlikti arba jais galima dalintis su kitais sistemos vartotojais.
Disertaciją sudaro įvadas, keturi skyriai, rezultatų apibendrinimas, naudotos literatūros sąrašas ir autoriaus publikacijų disertacijos tema sąrašas.

Įvade aptariama tiriamoji problema, darbo aktualumas, aprašomas tyrimų objektas, formuluojamas darbo tikslas bei uždaviniai, aprašoma tyrimų metodika, darbo mokslinis naujumas, darbo rezultatų praktinė reikšmė, ginamieji teiginiai. Įvado pabaigoje pristatomos disertacijos tema autoriaus paskelbtos publikacijos bei pranešimai konferencijose ir disertacijos struktūra.

Pirmame disertacijos skyriuje atliekama literatūros apžvalga. Nagrinėjama pasaulinė patirtis kuriant intelektines mokymo sistemas. Taip pat pateikiami intelektinės mokymo sistemos bei statinių ir jų aplinkos apibrėžimai. 

Antrame skyriuje apžvelgiami daugiatiksliai vertinimo metodai, jų adaptavimo galimybės kuriamai intelektinei mokymo sistemai, skirtai statiniams ir jų aplinkai.

Trečiame skyriuje pristatomas intelektinės mokymo sistemos, skirtos statiniams ir jų aplinkai, modelis. Išsamiai nagrinėjami sistemos elementai – metodai, submodeliai, algoritmai ir duomenų bazės.

Ketvirtame skyriuje atliekama trijų atvejų analizė, parodanti praktinius sukurtos sistemos taikymo rezultatus.

Disertacijos tema paskelbta 12 mokslinių straipsnių: 7 – mokslo leidiniuose, įtrauktuose į Thomson ISI Web of Science sąrašą; 5 – konferencijų medžiagose, referuotose Thomson ISI duomenų bazėje. Taip pat VGTU vardu buvo gautas patentas „Elektroninės informacijos paieškos būdas ir sistema“. Patento Nr.: LT 5673. 

Notations

Symbols

aj – the jth alternative;

dij – the normalized weighted alternative value;

m – the number of attributes;
n – the number of alternatives;

Nj – the utility degree of the jth alternative (COPRAS method);

qi – the significance (weight) of the ith criterion;

Qj – the efficiency index of the jth alternative (COPRAS method);

S – the total square deviation;

S+j – 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);

xij – the attribute value of the jth alternative.

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 during 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 knowledge and learning efficiency. Practical knowledge application is the essential condition for consolidation of knowledge, for that reason system is needed allowing 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 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 arranging priority of tutoring better. Lifelong learning concept provides continuous updating of the existing knowledge and ability to get the new one. The next generation 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.
Research Methodology

Following algorithms and methods were used during research process: comparative analysis of scientific literature, experimental method, multi objective assessment 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 developed 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.
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) (Kaklauskas et al. 2010a, 2011a, 2012, 2013; Kanapeckienė et al. 2010; Tupėnaitė et al. 2010; Urbanavičienė et 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 writing the dissertation.
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Fig. 1. The structure of the doctoral thesis

1
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 cannot 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 online 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 computerised learning systems by adding intelligence to improve the effectiveness of a learner’s experience (Brusilovsky and Peylo 2003). This normally involves personalised tutoring by using factors such as learner’s knowledge, emotion or learning style to alter the sequence and style of learning material. Students’ emotions have been proven to influence cognitive processes, motivation and performance (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 mistake 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 environments 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 discovered 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; Günel and Aşlıyan 2010; Escudero and Fuentes 2010; D'Mello et al. 2012; Ben Ammar et al. 2010; Sarrafzadeh et al. 2008; Siemer and Angelides 1998; Anderson 2012; Jeremić 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 dedicated to specialized knowledge areas and were able to observe the accuracy of answers and overall progress of student (Uhr 1969). 
The main problem in creating of tutoring systems was high time and equipment 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).  
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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 provided wholly designed ITS architecture which is the basis for many modern systems (see Fig. 1.2).

Association for the Advancement of Artificial Intelligence (AAAI) defined ITS as: “Intelligent tutoring system is educational software containing an artificial intelligence component. The software tracks students’ work, tailoring feedback and hints along the way.
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Fig. 1.2. General intelligent tutoring system architecture (Nwana 1990)
By collecting information on a particular student’s performance, the software can make inferences about strengths and weaknesses, and can suggest additional 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 materials (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 systems (Park et al. 2005), materials (Schacht 2004), antenna (Staedter 2003), energy (Wood and Newborough 2007), evaluation of the intelligent building systems (Wong et al. 2008), modelling temperatures (Ríos-Moreno et al. 2007), multiple criteria lifespan energy efficiency assessments (Chen et al. 2006), intelligent mechanical systems (Nishioka et al. 2000), total sustainability in built environments (Kua and Lee 2002), renewable building energy systems (Omer 2008), comparative impact of passive design strategies and active features in hot climates (Ochoa and Capeluto 2008), evaluation of intelligent buildings based on the level of service system integrations (Arkin and Paciuk 1997), standard communication infrastructures (Bushby 1997), voice recognition technology, sensors, and user interface improvements.

There is a growing demand for various above-mentioned solutions of intelligent built environments and studies are being performed in this area. For example, 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 environments 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 authors, barriers to the promotion and acceptance of intelligent buildings, and even practices, can generally be grouped as being caused by the lack of: financial resources and confidence to use new and “untested” technologies; professional capacity to incorporate and manage intelligent technologies; knowledge of developers 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, building scientists, engineers, conservators, material and equipment suppliers, manufacturers, service and maintenance professionals, marketing professionals, advertising agencies, project developers, owners, and policy-makers.

Several scientists are involved in the modelling of different elements of an intelligent built environment. Ríos-Moreno et al. (2007) are modelling temperature in intelligent buildings by means of autoregressive models. Outside air temperature, 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 intelligent indicators provide developers and building stakeholders with a consolidated inclusive tool for the system intelligence evaluation of the proposed components in design configurations.

An overview of literature (completed by Wong et al. 2005) related to intelligent building research and indicates that previous research efforts dealt mainly with three research streams, including advanced/innovative technology, performance 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 despite the above-mentioned three research streams there is still a lack of a generally accepted tool for supporting intelligent decision-making for building investments.

It must be noted that researchers from various countries engaged in the analysis of intelligent built environment do not consider an intelligent built environment, 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, material and equipment suppliers, manufacturers, service, maintenance professionals, 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 (Guillemin and Morel 2001) and heating (Kummert et al. 2001), intelligent tutoring system (Kaklauskas et al. 1998, 2006e), 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 Environment and Multiple Criteria Decision Support System of Intelligent Built Environment 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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Fig. 1.3. Model for a complex analysis of intelligent built environment  (Kaklauskas et al. 2010b)
Considering the evolution of built environment definitions it can be concluded 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 (Tupėnaitė 2010). During the built environment life cycle – brief, designing, construction, maintenance, facility management, renovation, demolition and utilization – buildings are also affected by various micro, meso and macro level factors.

Tupėnaitė (2010b) summarized the definitions of built environment (see Table 1.1).
Table 1.1. Definitions of built environment (Tupėnaitė 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 components: 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 neighborhoods, roads, buildings, food sources, and recreational 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, transportation and utility transmission systems put in place to serve building space.

	Mallak et 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.


Tupėnaitė (2010) also proposed Conceptual Model for the Integrated Analysis of a Built and Human Environment Renovation (see Fig. 1.4).
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Fig. 1.4. Conceptual model for the integrated analysis of a built and human environment renovation (Tupėnaitė et 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:

· macro environment factors affecting built and human environment renovation;

· meso environment factors affecting built and human environment renovation;

· micro environment factors affecting built and human environment renovation;

· stakeholders participating in the renovation process;

· renovation cycle, consisting of four phases: information collection and analysis, decision modelling, solution selection and implementation.
1.4. Review of Decision Support Systems

In recent decades, the scenario of construction projects has become more complicated, 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; Dolšak and Novak 2011; Carrillo 2004; Nonaka and Takeuchi 1995; Ruiz et al. 2012, Saa et al. 2012, Kanapeckienė 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 textbook approach or established analytical approaches (Maqsood et al. 2006). Indeed the costs of attracting, recruiting and retaining talented employees are expensive. 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 knowledgeable 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 utilisation and distribution (Bahra 2001; Kamara et al. 2002).

Knowledge has been described as information which has been used and integrated with a person’s knowledge-based experience and behavioural patterns (DeTienne and Jensen 2001). Individuals have different knowledge-based capacities 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 managers must be capable of knowing how to use, manage and utilise such knowledge.

A traditional practice in project management is to analyse alternatives based on economic, legal/regulatory, technical, technological, organisational and managerial approaches. Social, cultural, ethical, psychological and educational aspects 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 (Kanapeckienė 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 scientists 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 Kanapeckienė 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 factors such as the level of economic, political and cultural development of a country; governmental policies (regional support programmes, control of competition, 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 market; unemployment level; workforce skills; salary scales; labour laws; environment protection; customs and traditions; availability of local resources and others.

The national economic environment has a direct influence on construction. It depends on the policies by national authorities on taxes and money, capital 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 (Kanapeckienė 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 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).
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Fig. 1.7 Components of the knowledge based decision support system for construction projects management (Kanapeckienė et al. 2010)

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:

· initial data tables;

· 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, technical, legal, social and other factors, a model-base of a KDSS-CPM should include models enabling a decision maker to perform a comprehensive analysis of the variants available and make a proper choice. The following models of model-base are aimed to perform this function:

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

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

· a model for criteria weight establishment;

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

· 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 further. 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.
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 student’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, Conscientiousness, Extraversion, Agreeableness and Neuroticism) for predicting the academic 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 independent samples and across four different personality inventories. Further analyses showed that Conscientiousness predicted college GPA, even after controlling for secondary school GPA and SAT scores and that increased academic effort and higher levels of perceived academic ability intervened both concurrently and longitudinally in the relationship between Conscientiousness and college 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 relationships. Further four personality traits (Conscientiousness, Openness, Neuroticism 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 intrinsic 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 IQ scores are good predictors of academic achievement in elementary 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, 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 addition, 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, teaching) 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 regarding their own essays, reports, projects, presentations, performances, dissertations 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 certification by others. Academics and practitioners (Austin et al. 2008; Ballantine et al. 2007; Sundström 2008; Sung et al. 2009; Zimmerman and Kitsantas 2007) performed tests on self-assessment in an educational setting with groups of various ages (teenagers, college students, adults and such) in various areas (schools, universities, 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 academic 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 reliability 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 undergraduate students were selected by convenience sampling during the fall semester 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 indices similar to those reported in the literature. The study also shows that long periods 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 indicator of students’ knowledge across a variety of disciplines. As per the opinions of Ballantine et al. (2007), an agreement between self-evaluation and alternative measures of assessment has been reported in a number of studies.

Sung et al. (2005) describe the web-based self- and peer-assessments system. They show that significant consistency is found between the results of student 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 indicated similar dimensions in both student and faculty evaluations. Validity coefficients were significant for all evaluation factors. Mean differences between student and faculty ratings were low, and the two groups agreed on the behaviours most descriptive of the faculty (Marsh et 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 driver’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 assessments. 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 measure 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 reveal a statistically significant over-estimation of computer competence among the surveyed students.

Braak (2004) analysed the self-perceived computer competence of university students. Questionnaires were administered to two samples of first-year university students in psychology and education. The results indicated a high correlation 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 determine 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 experience, intuition and analysis of the learning process give students a rather accurate 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 effectiveness 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 content and a specific group of learners. Thus, it is expected future libraries to become a practical knowledge storehouse, offering intelligent opportunities for users (Kaklauskas et al. 2007b).

Search engine rankings have been adopted in most advanced intelligent libraries (Alexandrov et al. 2003; Gutwin et al. 1999; Hsinchun et al. 1998; Kaklauskas et al. 2006c; Ruch et al. 2007; Trnkoczy et al. 2006; Wang 2003) and tutoring systems (Armani et al. 2010; Brusilovsky 2000; Day et al. 2005; Lucence 2010; Pouliquen et al. 2005). As part of the on-going Illinois Digital Library 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). Pouliquen 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-texts of textbooks. Jakarta Lucene is a high-performance, fully-featured text search engine library written entirely in Java. Its technology is suitable for nearly all applications that require full-text searches. ITA (Intelligent Tutoring Agent) (Pouliquen et al. 2005) index chapters, sections, and subsections of textbooks. 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; Hsinchun 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; Brusilovsky and Peylo 2000; Day et al. 2005; Lucence 2010; Pouliquen et al. 2005) with search engine rankings cannot select chapters (sections, paragraphs) of specific texts, which are the most relevant to a student, cannot integrate the chapters (sections, paragraphs) of specific texts into learner specific alternatives of teaching material and cannot select the most rational alternative, i.e. cannot develop alternatives of training materials, perform multiple criteria analysis and automatically select the most effective variant. However, the proposed Intelligent Library Subsystem and Tutoring System can perform the afore-mentioned functions. 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 informative and concentrated, because do not perform breaking down the text material from the library of documents into composite parts (chapters/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 alternative text variants.
1.7. Conclusions for Chapter 1
1. Definition of intelligent tutoring system and built environment was specified.

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.
4. Self-assessment in an educational setting involves students making judgments about their own work. Students can make assessment decisions regarding their own essays, reports, projects, presentations, performances, dissertations and even exams. Self-assessment can be extremely 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 calculations.

6. Existing ITSs do not perform:
· Personalized search (when billions learning alternatives are created and the best is selected);
· Adaptive and personalized learning and teaching (according to the student’s curiosity, stress and preferred learning difficulty levels);
· Billions of alternatives analysis while performing homeworks, course projects and final works.
2

Multi Objective Assessment Methods for Intelligent Tutoring System
In this chapter main multi objective assessment methods are reviewed and compared. Best suitable methods for Intelligent Tutoring System for Built Environment are more deeply described.
On the thematic of this chapter 4 publications (Kanapeckienė et al. 2010; Tupėnaitė et al. 2010; Urbanavičienė 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 development of the multi objective assessment systems (MOAS). For example, 
COPRAS, EVAMIX, TOPSIS, VIKOR, AHP methods can be found implemented in different decision support systems (Chatterjee et al. 2011; Tupėnaitė 2010b; Simanavičienė 2010; Kaklauskas et al. 2007a; Zavadskas et al. 2008a; Dasa et al. 2011; Maitya et al. 2012; Chinese et al. 2011; Podvezko 2011; Užšilaityte and Martinaitis 2010; Bindu Madhuri et al. 2010; Datta et al. 2009; Ginevičius 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).

[image: image11.emf]Multiple criteria 

decision making

No information

Information about 

criteria

Information of 

alternative

Pairwise 

preference

Order of pairwise 

proximity

Standard level

Ordinal

Cardinal

Marginal rate of 

substitution

Dominance

Maxmin

Minmax

Conjuctive

Disjunctive

Lexicographic

Elimination by 

aspects 

Permutation

Linear assignment

Simple additive 

weighting (SAW)

Hierarchical 

additive weighting 

(HSAW)

TOPSIS

ELECTRE

PROMETHEUS

ORESTE

VIKOR

COPRAS

ARAS

MOORA

Hierarchical 

tradeoffs 

LINMAP

Interactive SAW

Multidimensional 

scaling with ideal 

point

Actor‘s

Information type

Features

of information

Major classes

of methods


Fig. 2.1. Grouping of multiple criteria decision making methods 
(Zavadskas and Turskis 2011)
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 time
	Less
	Moderate
	High
	Less
	Very high

	Simplicity 
	Very simple
	Moderately critical
	Moderately critical
	Simple
	Very critical

	Transparency 
	Very good
	Reasonable
	Good
	Reasonable
	Low

	Possibility of graphical interpretation
	Very high
	Low
	Low
	Low
	Good

	Information type
	Quantitative
	Mixed
	Quantitative
	Quantitative
	Mixed


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:

· selection of personalized study materials for student;
· selection of tasks or tests;
· information search;
· built environment projects evaluation.
The main stages of the COPRAS method’s implementation into Intelligent Tutoring System are further discussed in detail.
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 is 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.
Stage 1. The weighted, normalised decision-making matrix is formed. The purpose of this stage is to receive dimensionless weighted values from the comparative indexes. When the dimensionless values of the indexes are known, all criteria, originally having different dimensions, can be compared. The following formula is used for this purpose:
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where: dij – the dimensionless weighted index value; xij – the value of the ith criterion in the jth alternative of a solution; m – the number of criteria; n – the number of the generalized alternatives compared; qi – weight of the ith criterion.

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

	Analysed criteria
	*
	Weights
	Units
	Analysed projects

	
	
	
	
	a1     
	a2
	…
	aj
	…
	an

	
	w1
	q1
	m1
	x11 
	x12
	…
	x1j 
	…
	x1n 

	Quantitative 
	w2
	q2
	m2
	x21 
	x22
	…
	x2j 
	…
	x2n

	criteria
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	wi
	qi
	mi
	xi1 
	xi2 
	…
	xij 
	…
	xin 

	
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	wt
	qt
	mt
	xt1 
	xt2 
	…
	xtj 
	…
	xtn 

	
	wt+1
	qt+1
	mt+1
	xt+1 1 
	xt+1 2
	…
	xt+1 j 
	…
	xt+1 n 

	Qualitative
	wt+2
	qt+2
	mt+2
	xt+2 1 
	xt+2 2
	…
	xt+2 j 
	…
	xt+2 n

	criteria
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	wi
	qi
	mi
	xi1 
	xi2 
	…
	xij 
	…
	xin 

	
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	wm
	qm
	mm
	xm1 
	xm2 
	…
	xmj 
	…
	xmn 


( – Sign wi ((/() shows, respectively, the better/poorer value of the criterion of requirements
The sum of the dimensionless weighted index value dij for each criterion xi is always equal to the weight qi of this criterion:
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In other words, the value of weight qi of the investigated criterion is proportionally distributed among all alternative versions aj according to their values xij. 

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 jth version are calculated. The versions are described by minimising indexes S–j and maximising indexes S+j. 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:
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In this case, the values S+j (the greater this value, the more satisfied are the interested parties) and S–j (the lower this value, the better the goal attainment by the interested parties) express the degree of goals attained by the interested parties in each alternative project. In any case, the sums of “pluses” S+j and “minuses” S–j of all generalized alternatives are always, respectively, equal to all sums of the weights of maximised and minimised criteria:
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Stage 3. The significance (efficiency) of the compared versions is determined by describing the characteristics of positive generalized alternatives (“pluses”) and negative generalized alternatives (“minuses”). The relative significance Qj of each alternative aj is found according to the formula:
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     (2.5)
Stage 4. The priorities of the generalized alternatives are determined. The greater is the Qj 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 Qj which is directly proportional to the relative effect of the compared criteria values xij and weights qi on the end result.

Significance Qj of project aj indicates the degree of satisfaction of demands and goals pursued by the interested parties – the greater is the Qj 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 criteria
	*
	Weights
	Units
	Analysed generalized alternative

	
	
	
	
	a1
	a2
	...
	aj
	...
	an

	X1
	w1
	q1
	m1
	d11 
	d12
	…
	d1j 
	…
	d1n 

	X2
	w2
	q2
	m2
	d21 
	d22
	…
	d2j 
	…
	d2n

	X3
	w3
	q3
	m3
	d31 
	d32
	…
	d3j 
	…
	d3n

	…
	...
	...
	...
	...
	...
	…
	...
	…
	...

	Xi
	wi
	qi
	mi
	di1 
	di2 
	…
	dij 
	…
	din 

	…
	...
	...
	...
	...
	...
	…
	...
	…
	...

	Xm
	wm
	qm
	mm
	dm1 
	dm2 
	…
	dmj 
	…
	dmn 

	Sum of maximising normalised rated indicators (generalized alternative advantages)
	S+1
	S+2
	…
	S+j
	…
	S+n

	Sum of minimising normalised rated indicators (generalized alternative disadvantages)
	S–1
	S–2
	…
	S–j
	…
	S–n

	Significance of the generalized alternative 
	Q1
	Q2
	…
	Qj
	…
	Qn

	Priority of the generalized alternative 
	P1
	P2
	…
	Pj
	…
	Pn

	Generalized alternative utility degree 
	N1
	N2
	…
	Nj
	…
	Nn


( – Sign wi ((/() 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 maintenance 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 aj utility degree Nj is the following:
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where: Nj – the degree of jth project utility; Qj – the relative significance of jth project; Qmax – the most efficient relative significance from the existing projects.
The above mentioned steps can be summarized in a scheme which 
describes all the processes (Fig. 2.2). 
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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 information. The problem arises how to perform computer-aided design of the alternative variants based on this enormous amount of information. To solve this problem a Method of Multiple Criteria Multivariant Design was adopted for Intelligent Tutoring System for Built Environment. 

The developed method can be applied not only for evaluation of built environment 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 alternative of study plan.


The method is also very useful for making tests and their evaluation. Because 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 result 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.
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Fig. 2.3. Main stages of multiple criteria multivariant design (Created by author)
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 ith solution of jth alternative is given aij code providing thorough quantitative (system of criteria, units of measure, significances, values, as well as a minimizing or maximizing criterion) and conceptual (text, drawings, graphics, 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 alternatives allowing getting the alternative versions in a more simple way (see Table 2.4). As can be seen from Table 2.4, it contains c solutions of a built environment project (plots, buildings, parking, etc.) of the ni alternative versions codes. Any ith line of the code table represents the codes of Ai solution aij alternatives. If the information relating to the solutions in the code table of generalized alternatives is represented by codes, then the code contains quantitative and conceptual information. In this case, ni 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)
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...
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Thus, the maximum number of the projects obtained may be computed as follows:
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    (2.7)

where: c is the number of solutions considered in determining a built environment project(as example); ni 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 alternative versions 10 alternatives are considered for any of 10 solutions, then, according 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 analyse all the versions from various perspectives. Therefore, it is advisable to reduce their number as follows. If a project of c solutions having ni 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 further consideration (see Table 2.5). In this way, inefficient variants are being removed. The best solutions alternatives obtained are then grouped according to priority considerations. In Table 2.5 ai1 is a code of the best variant of i solution, while aip is a code of its worst version.

Then, generalized variants are being developed based on the efficient p alternatives of c 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
	a11 
	a12
	a13
	...
	a1j
	...
	a1p

	2. Building variants
	a21 
	a22
	a23
	...
	a2j
	...
	a2p

	...
	...
	...
	...
	...
	...
	...
	...

	i. Well-being variants
	ai1
	ai2
	ai3
	…
	aij
	…
	aip

	...
	...
	...
	...
	...
	...
	...
	...

	c. Maintenance variants
	ac1
	ac2
	ac3
	...
	acj
	...
	acp


For example, the first built environment project version is based on a11 plot, a21 building, ai1 well-being, ac1 maintenance, etc. variants. The last building life cycle version takes into account a1p plot, a2p building, aip well-being, acp maintenance, etc. variants. In this case, combinations are obtained by using p alternatives from any c solutions. Therefore, the maximum number of the projects obtained may be determined from the following expression:
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where c 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
	...
	p
	p+1
	p+2
	p+3
	...
	2p
	...
	K

	1. Plot variants
	a11
	a11
	a11
	...
	a11
	a11
	a11
	a11
	...
	a11
	...
	a1p

	2. Building variants 
	a21
	a21
	a21
	...
	a21
	a21
	a21
	a21
	...
	a21
	...
	a2p

	…
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...

	i. Well-being variants
	ai1
	ai1
	ai1
	...
	ai1
	ai1
	ai1
	ai1
	...
	ai1
	...
	aip

	…
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...

	c-1
	ac-1 1
	ac-1 1
	ac-1 1
	...
	ac-1 1
	ac-1 2
	ac-1 2
	ac-1 2
	...
	ac-1 2
	...
	ac-1 p

	c. Maintenance variants
	ac1
	ac2
	ac3
	...
	acp
	ac1
	ac2
	ac3
	...
	acp
	...
	ac p


Table 2.7 presents conceptual and quantitative information about the generalized 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 various solutions (plot, building, well-being, maintenance) to a single one it is necessary to appraise significances of these solutions. For example, noise level within and outside the building is not of the same significance to its inhabitants.
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-tual
	Quantitative

	
	
	Cost, X1 (Lt)
	Aesthetics, X2 (Points)
	Comforta-bility, X3 (Points)
	…
	Xj 
	…
	Means of transport, Xn
(Points)

	
	Information related to life cycle of 1-st building

	1. Plot, a11
	K11
	x 11 1
	x 11 2
	x 11 3
	…
	x 11 j
	…
	x 11 n

	2. Building, a21
	K21
	x 21 1
	x 21 2
	x 21 3
	…
	x 21 j
	…
	x 21 n 

	...
	
	...
	...
	...
	…
	...
	…
	...

	i. Well-being, ai1
	Ki1
	x i1 1
	x i1 2
	x i1 3
	…
	x i1 j
	…
	x i1 n

	...
	
	...
	...
	...
	…
	...
	…
	...

	c. Maintenance, Ac1
	Kc1
	x c1 1
	x c1 2
	x c1 3
	…
	x c1 j
	…
	x c1 n

	
	Information related to life cycle of 2-nd building

	1. Plot, a11
	K11
	x 11 1
	x 11 2
	x 11 3
	…
	x 11 j
	…
	x 11 n

	2. Building, a21
	K21
	x 21 1
	x 21 2
	x 21 3
	…
	x 21 j
	…
	x 21 n 

	...
	
	...
	...
	...
	…
	...
	…
	...

	i. Well-being, ai1
	Ki1
	x i1 1
	x i1 2
	x i1 3
	…
	x i1 j
	…
	x i1 n

	...
	
	...
	...
	...
	…
	...
	…
	...

	c. Maintenance, ac2
	Kc2
	x c2 1
	x c2 2
	x c2 3
	…
	x c2 j
	…
	x c2 n

	...
	...
	...
	...
	...
	.
	...
	.
	...

	
	Information related to life cycle of p-th building

	1. Plot, a11
	K11
	x 11 1
	x 11 2
	x 11 3
	…
	x 11 j
	…
	x 11 n

	2. Building, a21
	K21
	x 21 1
	x 21 2
	x 21 3
	…
	x 21 j
	…
	x 21 n 

	...
	
	...
	...
	...
	…
	...
	…
	...

	i. Well-being, ai1
	Ki1
	x i1 1
	x i1 2
	x i1 3
	…
	x i1 j
	…
	x i1 n

	...
	
	...
	...
	...
	…
	...
	…
	...

	c. Maintenance, acp
	Kcp
	x cp 1
	x cp 2
	x cp 3
	…
	x cp j
	…
	x cp n

	...
	...
	...
	...
	...
	.
	...
	.
	...

	
	Information related to life cycle of the last (K) building

	1. Plot, a1p
	K1p
	x 1p 1
	x 1p 2
	x 1p 3
	…
	x 1p j
	…
	x 1p n

	2. Building, a2p
	K2p
	x 2p 1
	x 2p 2
	x 2p 3
	…
	x 2p j
	…
	x 2p n

	...
	
	...
	...
	...
	…
	...
	…
	...

	i. Well-being, aip
	Kip
	x ip 1
	x ip 2
	x ip 3
	…
	x ip j
	…
	x ip n

	...
	
	...
	...
	...
	…
	...
	…
	...

	c. Maintenance, acp
	Kcp
	x cp 1
	x cp 2
	x cp 3
	…
	x cp j
	…
	x cp n


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.

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 project
	Information related to built environment project versions

	(BEP)
	Conceptual
	Quantitative

	versions obtained
	
	Cost, X1 
	Aesthetics, X2 
	Comfortability, 
X3 
	…
	Xj 
	…
	Means of transport, Xn

	1 BEP version
	K1
	x 11 
	x 12
	x 13
	…
	x 1j
	…
	x 1n

	2 BEP version
	K2
	x 21 
	x 22
	x 23
	…
	x 2j
	…
	x 2n

	3 BEP version
	K3
	x 31 
	x 32
	x 33
	…
	x 3j
	…
	x 3n

	...
	
	...
	...
	...
	…
	...
	…
	...

	i BEP version
	Ki
	x i1 
	x i2
	x i3
	…
	x ij
	…
	x in

	...
	
	...
	...
	...
	…
	...
	…
	...

	K BEP version
	KK
	x K1 
	x K2
	x K3
	…
	x Kj
	…
	x Kn

	Significances of criteria
	q1
	q2
	q3
	…
	qj
	…
	qn

	Measuring units of criteria
	Lt
	Points
	Points
	…
	…
	…
	Points


Example discussed above is dedicated to evaluation of the built environment 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 Qj obtained by using COPRAS method of property aj indicates satisfaction degree of demands and goals pursued by the interested parties – the greater is the Qj the higher is the efficiency of the property (Zavadskas et al. 1994). The utility degree Nj (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 efficiency (Zavadskas and Kaklauskas 1996a).


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 Nj is calculated according to equation (2.6). The degree of utility Nj of property aj indicates the level of satisfying the needs of the parties interested in the property. The more goals are achieved and the more important 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 determining 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 investment.

Stage 2. The efficiency degree Eji of money invested into property aj is calculated. It shows by how many per cent it is better (worse) to invest money into property aj compared with property ai. Eji is obtained by comparing the degrees of utility of the property considered:

Eji = Nj – Ni.
(2.9)

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

Stage 3. The average deviation kj of the utility degree Nj of the property aj from the same index of other property (n – 1) is being calculated:
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Table 2.9. Calculation of average deviations of the property utility degrees (Zavadskas and Kaklauskas 1996a)

	Property considered
	Utility degree deviation of  a property analysed compared to other property, %
	Average deviation kj of utility degree Nj of property aj compared to other (n – 1)

	
	a1
	a2
	a3
	ai
	an
	property, %

	a1
	0
	E12
	E13
	…
	E1n
	k1

	a2
	E21
	0
	E23
	…
	E2n
	k2

	a3
	E31
	E32
	0
	…
	E3n
	k3

	…
	…
	…
	…
	…
	…
	…

	aj
	Ej1
	Ej2
	Ej3
	…
	Ejn
	kj

	…
	…
	…
	…
	…
	…
	…

	an
	En1
	En2
	En3
	…
	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 calculated 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 evaluated is obtained from the following equation:
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In this matrix, a property a1 to be evaluated should be assigned the market value (x11-R). Other comparison standard property (a2-an) were sold, their purchasing/selling prices (x12-x1n) 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 x11-R of evaluated property a1 will make it equally competitive on the market with comparison standard property (a2-an)? This may be determined if a complex analysis of the benefits and drawbacks of the property is made.
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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 x11-p of a property to be evaluated a1 is calculated:

x11-p = x11 *(1 + k1 : 100). 

              

    (2.12)

Stage 6. It is determined whether the corrected value x11-R of a property being evaluated a1 had been calculated accurately enough:

( k1 ( < s,





   (2.13)

where s is the accuracy (%), to be achieved in calculating the market value x11-p of a property a1. For example, given s = 0.5%, the number of approximations in calculation will be lower than at s = 0.1%.
Table 2.10. A grouped decision making matrix for property multiple criteria analysis

	Criteria describing the compared property
	*
	Significance
	Measu-ring units
	Property to be evaluated and comparison standard property 

	
	
	
	
	a1
	a2
	…
	aj
	…
	an

	1. Price of  a property a1 being evaluated and actual purchasing/selling prices of comparison standard property (a2 -an)
	z 1
	q 1
	m 1
	x 11 
	x 12
	…
	x 1j 
	…
	x 1n 

	
	z 2
	q 2
	m 2
	x 21 
	x 22
	…
	x 2j 
	…
	x 2n

	
	...
	...
	...
	...
	...
	…
	...
	…
	...

	Quantitative
	z i
	q i
	mi
	xi1 
	xi2 
	…
	xij 
	…
	xin 

	criteria
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	z t
	q t
	m t
	x t1 
	x t2 
	…
	x tj 
	…
	x tn 

	Qualitative

criteria
	z t+1
	q t+1
	m t+1
	x t+1 1 
	x t+1 2
	…
	x t+1 j 
	…
	x t+1 n 

	
	z t+2
	q t+2
	m t+2
	x t+2 1 
	x t+2 2
	…
	x t+2 j 
	…
	x t+2 n

	
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	z i
	q i
	mi
	xi1 
	xi2 
	…
	xij 
	…
	xin 

	
	...
	...
	...
	...
	...
	…
	...
	…
	...

	
	z m
	q m
	m m
	x m1 
	x m2 
	…
	x mj 
	…
	x mn 


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

Stage 7. The market value x11-R of a property a1 to be evaluated is determined. If inequality 2.13 is satisfied the market value of a property a1 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 being evaluated had not been calculated accurately enough and the approximation cycle should be repeated. In this case, the corrected value x11 = x11-p of a property being evaluated is substituted into a grouped decision making matrix of property 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 x11-R of a property a1 being evaluated, which would make it equally competitive on the market compared with the property (a2-an) 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.

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 Intelligent Tutoring System for Built Environment components.
2. Proposed methods allow to perform:
· Personalized search (when billions learning alternatives can be created and the best is selected);
· Adaptive and personalized learning and teaching (according to the student’s curiosity, stress and preferred learning difficulty levels);

· 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 student’s criteria.
3
Intelligent Tutoring System for Built Environment
In this chapter general model of Intelligent Tutoring System for Built Environment (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 (Krutinis et al. 2010).
3.1. Composition of Intelligent Tutoring System for Built Environment
The proposed Intelligent Tutoring System for Built Environment integrates 5 submodels:

· User Interface Subsystem Submodel – contains a description of the system user interface. Considering user role in the system, submodel adapts user interface depending on user’s needs;
· Expert Knowledge Subsystem Submodel – contains a description of the knowledge and behaviours of the expert;

· Student Subsystem Submodel – contains descriptions of student knowledge and behaviours, including his or her misconceptions and knowledge gaps;

· Tutoring Subsystem Submodel – contains descriptions of behaviours during testing process;
· 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.
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Fig. 3.1. Model of intelligent tutoring system for built environment 
(Created by author)
A mismatch between a student’s behaviour or knowledge and the expert’s presumed behaviour or knowledge is signalled to the ITSBE system, which subsequently 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.

[image: image37.emf]Expert

User Interface

Database Managment

Subsystem

Equipment Subsystem Model-base Management System

·

Knowledge database;

·

Tests database;

·

Exams database;

·

Historical data statistics 

database;

·

Data input 

equipment;

Databases:

Consist of:

·

Learning materials alternatives 

developing submodel;

·

Examination alternatives 

developing submodel;

·

Self-assessment Adjustment 

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 prioritization; 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 historical data analysis.
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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 difficulty in the scope of a topic, possible answers to questions, correct answers in connection to the explanation material and evaluation of the correctness of possible answer versions. 
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Fig. 3.4. Part of the tests database scheme (Created by author)

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 questions’ collections, questions answers, questions difficulty levels, evaluation of the correctness of possible answer versions and correct answers explanations.
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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 information 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. 
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Fig. 3.6. Part of the historical data statistic database scheme (Created by author)

Database contains not only exam mark and user information, but additionally information of answer changes is collected.
The Model-base consists of four submodels: Learning materials’ alternatives developing submodel, Examination alternatives developing submodel, Self-assessment adjustment submodel, Submodel of providing recommendations.
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 learning, testing and exams processes. It gives possibility for student to get personalized learning material and tests questions. 
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Fig. 3.7. Learning materials alternatives developing submodel (Created by author)

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 learning 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 questionnaires 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 considering personal parameters of the user. In order to correct mistakes, a Submodel of providing recommendations is used.
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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 according 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 controlling testing process considering personal preferences of student. Depending on received information on preferred difficulty level, preferred subjects and passed exams requirements for tests are developed (see Fig. 3.9). 
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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.

[image: image45.emf]Input

Incorrect answers set

Output

Recommendations set

Get teaching materialsaccording 

the questions

Get links to additional teaching 

materials  according the questions

Get questionsinformation


Fig. 3.10. Submodel of providing recommendations (Created by author)

3.1.2. Student Subsystem Submodel

The main parts of Student Subsystem Submodel are presented in Fig. 3.11.
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Fig. 3.11. Composite parts of student subsystem (Created by author)

The subsystem contains: Personal library database, Self-assessment database, 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. 
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Fig. 3.12. Part of the self assessment database scheme (Created by author)

Self-assessment database (see Fig 3.12) contains student parameters selected 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 student is passing special survey in the system. 
Learning progress database contains information on achievements during learning process (see Fig. 3.13).
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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.
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Fig. 3.14. Part of the tests results database scheme (Created by author)

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 questions. 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).
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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 period assigned by tutor. All information about test passing can be reviewed by student.
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Fig. 3.16. Part of the historical statistics database scheme (Created by author)

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 submodel 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 alternatives of teaching materials will be acquired according keywords. Before generating alternatives they will be filtered by personalized parameters. Set of learning materials’ alternatives will be given for student for further use.
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Fig. 3.17. Learning materials gathering submodel (Created by author)

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. COPRAS can be optimal solution to deal with this problem. Fig. 3.18 shows activity diagram for search of teaching material.
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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.

Self-assessment submodel determines parameters for personalizing of learning and testing processes. It allows to moderate difficulty and content appearance (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.
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Fig. 3.19. Self-assessment submodel (Created by author)

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

After each examination it is necessary to get information on failed questions. Subsystem allows getting explanations on failed attempts to pass question. Student can save recommendation results to his personal library for future studies and take re-examination of problematic parts.
3.1.3. Tutoring Subsystem Submodel
Composite parts of Tutoring Subsystem are provided in Figure 3.21.
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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.
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Fig. 3.22. The knowledge difficulty levels database scheme (Created by author)

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).
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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.
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Fig. 3.24. Part of the tutoring progress history database scheme 
(Created by author)
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).
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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 position. 
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Fig. 3.26. Intelligent tutoring system for built environment examination process algorithm (Created by author)

Depending on different filters, questions are collected and prepared for 
user. Each time questions are prepared in random sequence; sequences of answers 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 answer is incorrect and offers to use certain teaching material to clarify the incorrectly answered questions. In order to correct gaps in knowledge new learning plan can be proposed to avoid errors in future (see Fig. 3.27).
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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.
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).
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Fig. 3.28. Composite parts of built environment computer learning subsystem (Created by author)
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Fig. 3.29. Part of the experts'’ developed projects’ database scheme 
(Created by author)
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 projects with criteria, weights of criteria and objects used for alternatives calculations created by students (see Fig. 3.30).
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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 personalized 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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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, Submodel of multiple criteria multivariant design of a built environment project, Submodel 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 environment 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 following expression:
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where: c is the number of objects groups; pi is the number of the i variants of every objects groups used in developing a built environment project. For example, if in determining possible building life cycle alternative versions 10 alternatives 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 perspectives. Therefore, it is advisable to reduce their number as follows. By using multiple criteria analysis methods most efficient versions should be chosen from every solution for further consideration. In this way, inefficient variants are being removed.


[image: image68.emf]Input

Objects groupsset

x –Maximum variants count

y –Maximum best object count

Output

Alternatives variants set

No

Yes

Get objects groups objects

Get possible alternatives 

variants count

Variants count > x

Quantitative and qualitative criteria 

significances are determined and 

intercoordinated based on their 

quantitative and qualitative 

characteristics for each objects group

Significances and priority order of the 

property are determined for each objects 

group

Create grouped decision making matrix 

for property multiple criteria analysis

Select top y objects from each group 

Create all posible alternatives 

variants depending on objects 

groups


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

The formula used in submodel for calculating each alternative utility degree Nj is following:
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where: Nj – the degree of jth project utility; Qj – the relative significance of jth project; Qmax – 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 reviewing is giving recommendations for changing of parameters and possible result of such activity (see Fig. 3.34).
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Fig. 3.34. Submodel for providing recommendations (Created by author)

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

It is important to check all systems’ object groups, objects and criteria’s correctness. In case of failure subsystem will provide detail information on problematic areas. It also can help tutor to review created systems for future discussions 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 Environment were reviewed and described.
3. The developed system can help students to learn reasons of wrong answers and create special learning course for missed material.
4. Model of the Intelligent Tutoring System for Built Environment was developed for the first time. It is novel due to:
· Adaptive and personalized learning and testing is performed according to the student’s curiosity, preferred difficulty levels and psychological condition;
· 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;
· The possibility to analyse, assess a lot of alternatives and select the best one while preparing homeworks, course projects and final works is ensured.
5. Personalized learning environment more precisely gives advices, chooses difficulty level and makes learning process more productive.
4

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 language. 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; Kanapeckienė et al. 2010; Tupėnaitė et al. 2010; Urbanavičienė et al. 2009) were published.
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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 analysed. Presented examples are based on analysis of real use of the system by students 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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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 difference 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 topics 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 personal library (Fig. 4.3). By supporting student with ability to use personal library and intelligent search, system concentrates on user needs. 
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Fig. 4.3. Personal library (Created by author)

Users in their own library collections can store 3 types of items:

· Subjects’ collections from learning materials;

· Texts and subjects needed for re-examination;

· 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.
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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 materials with highest difficulty level and associated with passed topics are filtered. 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 difficulty
	–
	0.2

	Learning material significance
	+
	0.2

	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 decision-making matrix can be formed (see Table 4.2). The following formula is used for this purpose:
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where: dij – the normalized weighted value of each criteria; xij – the value of the ith criterion in the jth alternative of a learning material; m – the number of criteria; n – the number of the learning material alternatives compared; qi – weight of the ith criterion.
In the next step the learning material alternatives are described by minimizing indexes S–j and maximizing indexes S+j (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:
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where: d–ij – the normalized weighted value of minimizing criteria’s; d+ij – the normalized weighted value of maximizing criteria’s; m – the number of criteria; n – the number of the learning material alternatives compared.
Table 4.2. The weighted, normalized decision-making matrix for learning materials’ alternatives
	Analysed criteria
	*
	Weights
	Analysed learning material alternatives

	
	
	
	Learning material alternative 1
	Learning material alternative 2
	…
	Learning material alternative 86

	Management
	+
	0.3
	0.0022
	0.0035
	…
	0.0028

	Property
	+
	0.2
	0.0011
	0.0042
	…
	0.0018

	Learning material difficulty
	–
	0.2
	0.0037
	0.0030
	…
	0.0014

	Learning material significance
	+
	0.2
	0.0045
	0.0018
	…
	0.0066

	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 alternative 1
	Learning material alternative 2
	…
	Learning material alternative 86

	Management
	+
	0.3
	0.0022
	0.0035
	…
	0.0028

	Property
	+
	0.2
	0.0011
	0.0042
	…
	0.0018

	Learning material difficulty
	–
	0.2
	0.0037
	0.0030
	…
	0.0014

	Learning material significance
	+
	0.2
	0.0045
	0.0018
	…
	0.0066

	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

	Sum of maximizing normalized weighted values (S+)
	0.0108
	0.0171
	…
	0.0206

	Sum of minimizing normalized weighted values (S–)
	0.0067
	0.0071
	…
	0.0048


( – Sign ((/() shows, respectively, the better/poorer value of the criterion of requirements

The significance of the compared learning material alternative is determined by describing the characteristics of positive learning material alternatives (“pluses”) and negative learning material alternatives (“minuses”). The relative significance Qj of each learning material alternative is found according to the formula:
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     (4.3)
where: Qj – significance of the compared learning material alternative; S+j – the sum of maximizing normalized weighted values; S–j – the sum of minimizing normalized weighted values; S–min – the minimal S–j value of all learning material 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 alternative 1
	Learning material alternative 2
	…
	Learning material alternative 86

	Management
	+
	0.3
	0.0022
	0.0035
	…
	0.0028

	Property
	+
	0.2
	0.0011
	0.0042
	…
	0.0018

	Learning material difficulty
	–
	0.2
	0.0037
	0.0030
	…
	0.0014

	Learning material significance
	+
	0.2
	0.0045
	0.0018
	…
	0.0066

	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

	Sum of maximizing normalized weighted values (S+)
	0.0108
	0.0171
	…
	0.0206

	Sum of minimizing normalized weighted values (S–)
	0.0067
	0.0071
	…
	0.0048

	The significance of the learning material alternative
	0.1925
	0.2609
	…
	0.2406

	The priorities of the learning material alternatives
	17
	3
	…
	5


( – Sign ((/() shows, respectively, the better/poorer value of the criterion of requirements

The priorities of the learning materials’ alternatives are determined by comparing the significances of the learning materials’ alternatives. The greater is the Qj the higher is the priority (see Table 4.4).

When the priorities of the learning materials alternatives are calculated, system 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.
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Fig. 4.5. Search result (Created by author)

Text of each result gives link to full document for additional studies or information 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 according to the chosen subject (Fig. 4.6).
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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 participants of study process (Gutierrez and Atkinson 2011; Urban-Lurain 2010).
The presented Intelligent Tutoring System, performs this function in the automated way (by providing assessment and links for additional studies). User has no limitations in creating the collection. Additionally he has ability to take collection tests and check knowledge level in one or another field.

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 window of user’s personal information.
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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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Fig. 4.8. Manual and dynamic choosing of test complexity level

When “Begin testing” button is pressed, system is collecting questions associated 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 further analysis 24 questions alternatives for self-test will be used. For test questions’ 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 stress level
	–
	0.15

	Recommended minimal curiosity level 
	–
	0.15


( – Sign ((/() shows, respectively, the better/poorer value of the criterion of requirements

Next step is to collect gathered criteria parameters of test questions’ alternatives given by experts. After this the weighted, normalized decision-making matrix can be formed (see Table 4.2). The following formula is used for this purpose:
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where: dij – the normalized weighted value of each criteria; xij – the value of the ith criterion in the jth alternative of a test question; m – the number of criteria; n – the number of the test question alternatives compared; qi – weight of the ith criterion.
Table 4.6. The weighted, normalized decision-making matrix for test questions’ alternatives

	Analysed criteria
	*
	Weights
	Analysed test question alternatives

	
	
	
	Test question alternative 1
	Test question alternative 2
	…
	Test question alternative 24

	Question difficulty
	–
	0.35
	0.0206
	0.0137
	…
	0.0206

	Question significance
	+
	0.35
	0.0107
	0.008
	…
	0.0214

	Recommended maximal stress level
	–
	0.15
	0.0063
	0.0071
	…
	0.0063

	Recommended minimal curiosity level 
	–
	0.15
	0.008
	0.0057
	…
	0.0102


( – 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–j and maximizing indexes S+j (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 alternative 1
	Test question alternative 2
	…
	Test question alternative 24

	Question difficulty
	–
	0.35
	0.0206
	0.0137
	…
	0.0206

	Question significance
	+
	0.35
	0.0107
	0.008
	…
	0.0214

	Recommended maximal stress level
	–
	0.15
	0.0063
	0.0071
	…
	0.0063

	Recommended minimal curiosity level
	–
	0.15
	0.008
	0.0057
	…
	0.0102

	Sum of maximizing normalized weighted values (S+)
	0.0107
	0.008
	…
	0.0214

	Sum of minimizing normalized weighted values (S–)
	0.0349
	0.0265
	…
	0.0371


( – Sign ((/() shows, respectively, the better/poorer value of the criterion of requirements

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:
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where: d-ij – the normalized weighted value of minimizing criteria's; d+ij – 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 alternative 1
	Test question alternative 2
	…
	Test question alternative 24

	Question difficulty
	–
	0.35
	0.0206
	0.0137
	…
	0.0206

	Question significance
	+
	0.35
	0.0107
	0.008
	…
	0.0214

	Recommended maximal stress level
	–
	0.15
	0.0063
	0.0071
	…
	0.0063

	Recommended minimal curiosity level
	–
	0.15
	0.008
	0.0057
	…
	0.0102

	Sum of maximizing normalized weighted values (S+)
	0.0107
	0.008
	…
	0.0214

	Sum of minimizing normalized weighted values (S–)
	0.0349
	0.0265
	…
	0.0371

	The significance of the test question alternatives
	0.0302
	0.0337
	…
	0.0398

	The priorities of the test question alternatives
	24
	22
	…
	13


( – 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 Qj of each test question alternative is found according to the formula:
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     (4.6)
where: Qj – significance of the compared test question alternative; S+j – the sum of maximizing normalized weighted values; S–j – the sum of minimizing normalized weighted values; S–min – the minimal S–j value of all test question alternatives; 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 Qj 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 sequence and in case of big amount of fails, left amount of questions can be regenerated by lowering the difficulty level. For example, Fig. 4.9 illustrates that Intelligent Tutoring Subsystem has changed difficulty level from “level 1” to “level 2” during the test. 
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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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Fig. 4.10. Results of self-test (Created by author)
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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 material, student takes self-test again and re-examines his knowledge (Fig. 4.12).
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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).
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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:

· Average results of particular test and exam;
· The most difficult questions rated by system;

· Taken tests from collections stored in “My library”.

Tutor is able to change the parameters of student’s individual study programme (i.e. difficulty level) or to give advices directly to the student.

The importance to individualized tutoring was proven by Lentidis and Haltsis. 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 ability to create new project or import existing best practice projects for future modifications (see Fig. 4.14). 
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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. Administrator can make changes and corrections in all projects created in BECLS subsystem (Fig. 4.15).
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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. 
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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 understandable 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’ group or inserting measurement units. When needed objects’ groups and measurement units are obtained, criteria of objects and objects’ groups can be developed.

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).
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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:

· Object;

· Mechanical strength / Fire Safety / Protection against noise / Energy saving and heat preservation requirements;

· Hygiene, health and environmental protection requirements;

· Use of safety;

· Sanitary requirements.

Fig. 4.18 illustrates creating window of objects’ groups.
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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.
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Fig. 4.19. Creating of new object in object group (Created by author)
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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 criteria. There is an ability to insert the whole list of selected object group or add parameters one by one. Fig. 4.21 shows window of inserting and updating parameters.
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Fig. 4.21. Inserting and updating objects’ parameters (Created by author)

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

Using primary data the weighted, normalized decision-making matrix can be formed (see Table 4.9). The following formula is used for this purpose:
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where: dij – the normalized weighted value of each criteria; xij – the value of the ith criterion in the jth alternative of a object; m – the number of criteria; n – the number of the object alternatives compared; qi – weight of the ith criterion.
Table 4.9. The weighted, normalized decision-making matrix for objects’ alternatives

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

	
	
	
	
	Building from clay blocks
	Building from silicate blocks

	Price
	–
	Lt/m3
	0.34
	0.1959
	0.1441

	Density
	–
	Kg/m3
	0.04
	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
	+
	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–j and maximizing indexes S+j. 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):
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where: d–ij – the normalized weighted value of minimizing criteria’s; d+ij – 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 alternatives
	*
	Measuring units
	Weights
	Analysed objects’ alternatives

	
	
	
	
	Building from clay blocks
	Building from silicate blocks

	Price
	–
	Lt/m3
	0.34
	0.1959
	0.1441

	Density
	–
	Kg/m3
	0.04
	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
	+
	Point
	3
	1.5
	1.5

	Sum of maximizing normalized weighted values (advantages of objects’ alternative S+)
	1.5
	1.5

	Sum of minimizing normalized weighted values (disadvantages of objects’ alternative S–)
	0.2431
	0.1969


( – Sign ((/() shows, respectively, the better/poorer value of the criterion of requirements

The significance of the compared objects’ alternative is determined by describing the characteristics of positive object alternatives (“pluses”) and negative object alternatives (“minuses”). The relative significance Qj of each object alternative is found according to the formula:
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     (4.9)
where: Qj – significance of the compared object alternative; S+j – the sum of maximizing normalized weighted values; S–j – the sum of minimizing normalized weighted values; S–min – the minimal S–j 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 Qj 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 alternatives
	*
	Measuring units
	Weights
	Analysed objects’ alternatives

	
	
	
	
	Building from clay blocks
	Building from silicate blocks

	Price
	–
	Lt/m3
	0.34
	0.1959
	0.1441

	Density
	–
	Kg/m3
	0.04
	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
	+
	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(Qj)
	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

The formula used for calculating object alternative utility degree Nj is the following:
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where: Nj – the degree of jth object alternative utility; Qj – the relative significance of jth object alternative; Qmax – the most efficient relative significance from the existing object alternatives.
Fig. 4.23 shows real system result of multi objective assessment of the alternatives for first objects’ group. Results show that object “Building from silicate blocks” is prior to “Building from clay blocks”. It is possible to try checking 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/m3 and it is enough to make “Building from clay blocks” more attractive.
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Fig. 4.23. Multi objective assessment of the alternatives for first objects’ group (Created by author)

[image: image124.emf]
Fig. 4.24. Object criteria optimization (Created by author)

Fig. 4.23 shows priority calculations only for one group. If multivariant solution is needed, at least 2 groups of objects should be analysed. In provided example, there are five different groups of objects. For this purpose system uses method proposed in Chapter 2.2.2. Results of multivariant calculations are provided in Fig. 4.25.
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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).

[image: image126.emf]
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 specialists of built environment (students) to make their decisions on project management in fast and convenient way. The importance of these parameters to work efficiency was also emphasized by Maqsood et al. (2006). Transfer of best practice in the system is ensured by use of criteria systems provided by experts. This gives an opportunity to make individual calculations for comparison of alternatives. Maqsood et al. (2006) also argues that experience in solving practical tasks is transferred better than in case of reading the study material. In the developed system both approaches are used.
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. 

2. Individualization of students’ tutoring was practically implemented both in providing study material and testing knowledge acquired by student. 

3. Analysis of approximately 100 built environment projects’ alternatives was performed by using Built Environment Computer Learning Subsystem (BECLS).

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

General Conclusions

1. Analysis of scientific literature proved the novelty of the solution proposed in dissertation. Solution integrates multivariant design into tutoring processes – it, as known by author, was never researched and practically implemented before.
2. Model of the Intelligent Tutoring System for Built Environment was developed for the first time. It is novel due to:

· Adaptive and personalized learning and testing is performed according to the student’s curiosity, preferred difficulty levels and psychological condition;

· 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;

· The possibility to analyse, assess a lot of alternatives and select the best one while preparing homeworks, course projects and final works is ensured.
3. The prototype of Intelligent Tutoring System for Built Environment was developed and tested. The main results are as follows:

· Time needed for creating built environment project and best alternative selection was reduced more than 10 times, according experimental tests results;

· During the testing approximately 100 new or modified built environment 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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