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[bookmark: _Toc42101765]INTRODUCTION
In current rapidly changing environment with growing complexity of all processes and products it is becoming crucial to manage knowledge assets both for individuals in order to be able to solve challenging problems and increase personal effectiveness and for organizations to gain competitive advantage, assess and mitigate risks caused by concentration of knowledge within several experts by capturing this knowledge and making it easily accessible throughout the company, to determine knowledge gaps to further increase overall organization effectiveness by educating employees to internalize potentially important knowledge, to understand and describe organization core competences and capabilities. 
. Knowledge management as a field of study has existed for more than 30 years. The concept of knowledge primarily was related mostly to the academic field, but now it has become a crucial element of organizational life (Kapur, 2020).
Knowledge management aims to develop tools, practices and frameworks to find, extract and effectively manage knowledge, which is also developing rapidly and gaining more attention lately. One of important problems that knowledge management tries to solve is that a great deal of knowledge is tacit and either is not formally described or is impossible to be extracted, being accessible only through reaching for a suitable expert.
Knowledge mapping is a powerful method enabling company to connect experts, access knowledge in time, identify knowledge assets and flow, identify existing knowledge resources and knowledge gaps. It also can be utilized to show the important stages to build up a specific capability (Faisal et al., 2019).
Main tools that are most widely used in knowledge mapping require participation of several experts, which takes time and lays restrictions upon the possible frequency of updating the map. At the same time keeping knowledge map as relevant as possible is crucial, since relying on outdated map can lead to negative consequences such as impossibility to get access to knowledge or wrong decisions in terms of managing HR (e.g. developing outdated competences or irrelevant skills), which undermine the whole concept.
Another problem is that proper knowledge map has to be perfectly balanced between simplicity and sufficiency of detail, so that it could be easily grasped at organization level and at the same time useful at operation level. In order to achieve this, we have to design the map for the particular organization and for the particular purposes. We suppose that there are ways that allow educational organizations to identify experts in specific fields by analyzing their publications, participation in conferences or some other activities that can be automatically gathered and processed to create and update at least some types of knowledge maps without need to conduct personal interviews consuming significant amount of time and effort.
But in order to draw a map, showing where knowledge is created, located and describing how it flows throughout organization we have to identify experts first. That means we need to assess expertise of each potential expert in each domain of knowledge relevant for a specific organization.
Moreover, expertise location system might be helpful even without further integration of its results into knowledge maps. People often prefer to consult with an expert when they face a problem they do not know how to solve so providing them with a useful tool to do that is a good application of plain expertise location system.
[bookmark: _Toc42101766]CHAPTER 1. THEORETICAL BACKGROUND OF EXPERTISE LOCATION PROCESS
[bookmark: _Toc42101767]Knowledge mapping
The concept of knowledge maps seems to many to be not quite understandable due to the lack of widespread adoption of generally accepted concepts. At the same time, knowledge maps are already deeply integrated in our everyday life, but due to the lack of formalization in writing, they are not perceived by us as the phenomenon which might be subject of research. Indeed, we all have the knowledge who is the right person to advice or consult in a particular situation, thus, we understand who potentially has the necessary knowledge in a particular area. However, if we switch subject of this case from an individual to an organization, we will see that there are too many areas of knowledge and experts, and moreover, in large organizations, employees often simply do not know who to contact, because they did not personally contact experts in this field. This leads to a long chain of request redirects. In this case, knowledge maps are becoming a crucial tool that allows to document every grain of knowledge inside the object of mapping, in our case, the organization, and helps any user of the map to find any necessary existing information.
Nevertheless, there is no single universally accepted definition of knowledge maps, so many researchers in their works rely on their own understanding of the concept of knowledge maps. So let us review some of the definitions and agree which one we will use in this review (table 1).
Table 1. Definitions of knowledge map
	Definitions
	References

	“A knowledge map serves as continuously evolving organizational memory, capturing and integrating strategic explicit knowledge within an organization and between the organization and its environment”
	Wexler (2001)

	“A knowledge map is a navigation aid for discovering the sources of explicit and tacit knowledge by illustrating how knowledge flows through the organization”
	Chan & Liebowitz (2006)

	“A knowledge map portrays ‘the sources, flows, constraints and sinks of knowledge’ within the organization”
	Liebowitz (2005)

	“A knowledge map is about making the knowledge that is available within an organization transparent and providing insight into its qualities”
	Driessen, Huijsen and Grootveld (2007)

	“A knowledge map is about discovering knowledge, tracing its flow, mapping its existence and its changes, and identifying where it is most needed”
	Lee & Fink (2013)


For the academic domain and for expertise location aspect the most appropriate is the definition, offered by Driessen, Huijsen and Grootveld (2007), since knowledge flow and application are outside of this thesis scope, and this definition mentions all key points, crucial for this research.
Based on existing research, it is safe to say that knowledge management is a large interdisciplinary field, which can be recapitulated in the phrase ‘know, show, grow!’. Know is tacit “knowledge in an individual’s head”; otherwise knowledge that is documented and written down means to show (explicit) and grow is considered as a collaboration toward innovation that stimulates new knowledge. (Balaid et al., 2016) Among five segments of knowledge management, as described by Duffy (2000), knowledge maps refer to the segment of user interface and are confirmed to have the potential to be a primary component of knowledge management.
Tiwana refers to knowledge mapping as the tool for getting an overview of the strategic position within organizations and industries (Tiwana, 1999). Chung, Chen and Nunamaker (2003) also agreed with Tiwana in that a knowledge map should be used on the top level of organizational issues, such as strategy, vision and mission. Further, the researchers (Hansen & Kautz, 2004) stated that knowledge maps are a crucial prerequisite for effective knowledge management. Furthermore, the researchers (Hellström & Husted, 2004) share the same vision that knowledge maps can be used to effectively create, capture, codify, transfer, retain and use knowledge in organizations and projects.
From a different point of view, Earl (2001) classified the strategies of knowledge into a number of schools: “economic”, “technocratic” and “behavioral”. The cartographic school, which is the part of technocratic school, clearly connected with the concept of a knowledge map since it focuses particularly on maps. Engineering and systems schools which are also included to technocratic school also fit the idea of knowledge mapping since they are based on information technologies that can help all employees throughout the organization in their activities. To sum up, a knowledge map is considered as a key solution for successful knowledge management in an organization since it gives users a clear understanding of the knowledge location and flow throughout organization.
Knowledge maps technique is a powerful tool of knowledge management that allows to visualize how the knowledge is created within the company, how it is applied, and how it flows throughout organization, as well as how it is stored and accessed.
Knowledge maps lately are recognized as a crucial subfield of knowledge management and draw attention from researchers. They describe what useful information exists within an organization and organize this description in a way that enables user to have a grasp of how and where to find it (Eppler & Simon, 2008). Using knowledge maps might help to achieve a number of goals. Some organizations use this tool for strategic planning purposes, others use it to enable knowledge flow throughout organization, leading to “empowerment of the organization” which “involves providing access to existing information and expertise” (Hellström & Husted, 2004).
Sometimes knowledge maps are used to depict the views of participants and their mutual relations to other views, as well as illustrate the dependencies of learning paths and serve as the basis for the implementation of knowledge management programs (Dang et al., 2011).
In all these options for using knowledge maps, they solve the problem of the most effective visualization of existing knowledge in order to use it to achieve a specific goal, especially when organizations that recognize the importance of effective management of knowledge assets would like to know how, when and where to access them. Knowledge map presents a snapshot of where an organisation is at any given time which could be further used to elaborate on core competitive advantages as well as to identify and eliminate key weaknesses (Wexler, 2001).
[bookmark: _2c0dqe3g3g76]Ali Balaid et al. (2016) in their literature review distinguish 7 directions of currently conducted research of knowledge maps, which are:
· benefits and utilizations of knowledge maps;
· knowledge maps systems and tools development;
· knowledge maps frameworks and models;
· methodologies of building knowledge maps;
· knowledge maps classification;
· knowledge maps adoption;
· general reviews of knowledge maps.
[bookmark: _1ad5feoyrkl1]Using knowledge mapping within organization can generate multiple benefits. Wexler (2001), classified the benefits of a knowledge map into four major clusters:
· knowledge;
· economic;
· structural;
· organizational/cultural.
Yasin and Egbu (2011), grouped the benefits of a knowledge map into:
· cost saving;
· process improvements;
· knowledge improvement;
· value improvement;
· user satisfaction.
Eppler (2001), stated that the most obvious benefit and the major goal of a knowledge map is to show people in an organisation where to look for required information and who possesses such expertise. Moreover, a knowledge map can increase transparency and reduce complexity within organizations as well as eliminate overlapping and repetitive activities (Wexler, 2001; Yasin & Egbu, 2011).
According to Rao, Mansingh, and Osei-Bryson (2012), a knowledge map can support management in addressing key organizational issues, identifying knowledge gaps, establishing clear links between existing knowledge assets, thus enhancing the decision-making process.
In summary, the literature suggests a broad range of knowledge maps benefits; however, the findings provide a clear account of the key benefits, as reported in the literature, although they may not be complete or mutually exclusive due to the approach applied. Thus, to overcome the limitations future research is encouraged.
Most researchers name the following benefits of knowledge maps: connecting experts, accessing knowledge in time, identifying knowledge assets, identifying knowledge flow, identifying existing knowledge resources, organizational restructure, identifying knowledge gaps, team building, identifying untapped knowledge.
[bookmark: _1k9flj4k1i4n]There are some tools and techniques that are most commonly used, which are classified by Ali Balaid et al. in the Table 2:
Table 2. Classification of knowledge-mapping tools and techniques
	Techniques/tools 
	Description Application 
	References

	Concept map
	The structure of this technique is “node, link” structure where nodes represent concepts and likes illustrate the concepts relationships. It is the best technique for visualizing the relationships among diverse concepts.
	Can be applied to express knowledge of a particular person about certain topic in a specific domain, to clarify misconceptions and in some cases for brainstorming and generating new ideas.

	Mind map/idea map
	This technique/tool is an image centered drawing that used for showing the connections among portions of information.
	Can be applied as a technique for note-taking, reflect or capture the process in brain, problem solving and training etc.

	Concept circle diagram
	Concept circle diagram techniques/tools, are labelled circles, which possibly inclusive, exclusive, and/or overlapping to present concepts relationships.
	This tool applied to group ideas into categories, showing the existing relationship between themes, departments as well organizations.

	Semantic map 
	This technique/tool is more similar to concept map and mind map that mentioned above

	It is applied for machine translations and AI (artificial intelligence).

	Cognitive map
	This maps are used for mapping the person’s thoughts about specific subject or situation. As well it is used for enhancing learning and recall information.
	Applied in referring to models of mental that people used for perceiving, contextualizing, simplifying,

	Process map
	This technique represents blocks of tasks or activities in sequenced and logical way to achieve particular goal.
	Applied to identify tasks sequences steps to achieve a particular goal.

	Conceptual map
	It is a graphical means used to arrange concepts and conceptual relations in understandable way.
	Utilized as a communication language between computer systems and peoples

	Knowledge flow map 
	This technique/tool is a high-level knowledge-model in obvious graphical form.

	Applied to map the flow of knowledge and measure the relationship between
teams, groups, departments and firms

	Causal map
	This tool used link graphs and directed node to show a set of causal relationships within the system.
	Used to explore group’s or individual’s beliefs so as to establish cause & effect relationships.

	Social mess map
	Used to summarize the understanding of a particular group about a given problem.
	Applied to summarize team or group understanding

	Ontology
	llustrating concepts and the existing relationships for a community of agents. The main types are task-oriented, domain-oriented, and generic.
	Used as a tool to find all information available in a given topic.

	Petri net
	This technique is abstract formal model of knowledge flow, composed of transitions, directed arcs, and places.
	Applied in search for simple, natural, powerful methods for analyzing and showing information flow in systems

	Cluster Vee diagram 
	This map form of V-shaped. Used as a road map to show the route of knowledge from the past to future.
	Helping students in science field to make the essential elements unambiguous to build a scientific knowledge

	Thesauri
	This map is a set of concepts characterized by synonymous, horizontal, hierarchical, and other relations.
	Often applied in retrieval system.

	Visual thinking network
	This is a knowledge’s representation strategy that encourages the users to combine multiple ways of thinking that put in the picture concept formation.
	Used to organize, revise and represent user’s knowledge meaning-making by linking and grouping pictorial visualizations and symbolic into a coherent whole.

	Topic map
	This technique helps users to find the direct path to a specific information within the concept (is more or less a book indexes electronic version).
	Used to manage large quantities of unorganized information.

	Perceptual map
	This technique often used to take the complicated results from research surveys and showing them on obvious and informative map.
	Usually used by marketers to display customers or potential customers perceptions.


[bookmark: _vin90nwddcr1]There are several classifications used in industry and academic research. Logan and Caldwell (2000), distinguish three types of knowledge maps:
· conceptual knowledge maps, which depict relationships between knowledge sources within the organization;
· competency knowledge maps, which shows relationships between people and knowledge;
· process knowledge maps, which.describes procedures and schedules within organization.
Gilbert and Raub (2000) used a different classification, and divided knowledge maps into:
· source knowledge maps are widely used to present information about internal (in some cases even external) experts that possess information, crucial for specific task; 
· assets knowledge maps strive to document, codify and organize all knowledge assets within organization in order to make them visible and easily obtainable when needed;
· topography knowledge maps define knowledge, including information such as how much, what and whom.
Eppler (2001) reworked this classification by replacing topography knowledge maps with three more specific types of knowledge maps:
· knowledge application map connects location of particular knowledge on one side and specific business situation or a certain process stage on other;
· knowledge development map shows necessary steps to develop desired competence;
· knowledge structure map contains structure of the knowledge domain, including relationships between its subdomains.
Source and assets knowledge maps that together with three aforementioned types comprise for the classification, are similar to those in Gilbert and Raub (2000).
Huff (2002) concentrates on cognitive maps and refers to the following types of maps:
· schematic maps of cognitive structures;
· text and language analysis maps;
· network maps;
· classification maps;
· conclusive maps.
Vestal (2005) referred to three major groups of knowledge maps:
· enterprise knowledge maps based on expertise overviews and strategic overviews of knowledge maps;
· process explicit knowledge maps, which include expertise gaps, document-explicit and job role based knowledge maps;
· cross-functional knowledge maps, composed of functional, technical and tacit knowledge maps.
Eppler and Simon (2008) proposed to classify knowledge maps by their intended purpose, content, application level, creation method, or by their graphic form.
[bookmark: _5jmcefd2erc9]Prior research in a knowledge map area, as discussed by Kim et al. (2003) and Wexler (2001), highlighted importance of selecting the best methodology for building a knowledge map for each particular case and purpose. Balaid et al. (2016) in their search for methodologies in the studies that focus on knowledge maps (the primary set of 132 studies) identified seven different types of methodology for developing knowledge maps from seven different authors, as summarized below. Each methodology was not necessarily referred to as a knowledge map methodology but was considered to operate in a similar way in the context of this report.
The first methodology from (Bargent, 2002) has eleven steps and is based on the strategy of software development lifecycle stages by using the Lotus Discovery Server (LDS) software, then identifying requirements and finally testing the knowledge map. This method has strong validation stage, which is due to usability tests used to estimate the effectiveness of the knowledge map as well as to ensure that all information is documented and classified before analysis. The disadvantage is that the methodology requires the use of LDS, which makes it difficult for employees with little or no experience in software application to contribute.
Kim et al. (2003) suggest six stages methodology, which employs the use of ontology, which is a suitable tool for formally representing knowledge based on a conceptualization in relation to the objects and concepts that exist within the specific domain and the relationships between them. This method was tested in the manufacturing industry.
Lecocq (2006) created methodology, consisting of four phases, which are: planning, collecting, mapping and validating, which, in turn, could be broken down into eleven steps. This method is quite consistent due to the use of ontology as well, but is more detailed than previous ones.
Mansingh, Osei-Bryson, and Hirata (2009) developed three steps methodology, which assumes ontology creation, processes identification and bringing their examples. All existing types of knowledge are then presented as the final knowledge map. The method was tested in a healthcare organisation.
Pei and Wang (2009) proposed the seven steps methodology: project team formation, knowledge assets analysis, knowledge domain identification, structure and relationships definition, development tools selection and evaluation, knowledge classification confirmation and knowledge map constant updating. The method was tested in a matrix organization.
Liu, Li, and Lv (2009) proposed the three-level methodology, which results in the knowledge map for organization as a multilevel system (individual, domain and interdomain levels). The methodology was developed by combining these elements to construct an organization knowledge map and then applied to a real-world case, which confirmed methodology fit.
The last methodology was developed by Zhao, Miao, and Guan (2013), which was designed for complex product development and consists of seven steps:
· building context awareness;
· formulating purpose along with related information;
· understanding the product structure, transforming the context information to specific knowledge requirements;
· defining most important characteristics of the knowledge and designing a knowledge retrieval process: formalization, location and classification;
· selecting the knowledge point;
· determining the most effective visualization;
· drawing a knowledge map from different aspects.
This methodology can help to overcome the difficulty of creating a full set of knowledge maps for each aspect of knowledge mapping concept while meeting the requirements.
[bookmark: _7r01qh5hnfvm]From the analyzed researches, it is clear that knowledge maps practical usage is at the early stage of its development and still has challenges to overcome. According to Renukappa and Egbu (2004) and Dang, Zhang, Chen et al. (2011) the most relevant of such challenges are the mapping of tacit and dynamic knowledge, the mapping of interdomain knowledge, organizational culture and representation of knowledge.
Generally, knowledge management is especially challenging due to its dynamic nature: some knowledge may get outdated and replaced with more relevant, while other depreciates over time, and some may simply be lost due to some reasons. This calls for a multifunctional approach and dynamic knowledge mapping (Renukappa & Egbu, 2004). Another significant problem for knowledge mapping is linked with efficient tacit knowledge extraction and codification into computer processable data. Miscommunication in maps, when the users and creators of the knowledge map do not have the opportunity to personally communicate or disagree on what the purposes of the knowledge map are, is also a huge problem. Since a knowledge map is abstract in its nature it should reflect reality in a way that must be understood and shared by everyone who creates or uses it (Eppler & Simon, 2008). Knowledge mapping of cross-boundary knowledge is also a crucial task. Thus, organizations must develop competences to precisely represent complex knowledge irrespectively of both internal and external boundaries and between different domains (Quintas, 2002). In addition, organizational leadership and culture should also be included into the basis of knowledge mapping for better results. Not motivated or inefficient management often leads to lack of money, time, and talent resources, which most probably will restrict and undermine the whole process of knowledge mapping.
Eppler (2004) mentions following challenges as the most important: organizing the knowledge with the relevant references in such framework that everyone can access, information overload problem, simplifying complex structures to the degree that it can be visualized in easy to grasp format without losing important details, maps becoming outdated over time, and the risks that can emerge if the map is seen by unauthorized users, such as competitors or recruiting agencies looking for an expert.
Vestal (2005) refers to the following key challenges that could possibly arise along knowledge maps implementation process: lack of understanding of the flow of knowledge within the organization, the wrong selection of the team that creates knowledge maps, ‘knowledge is power’ motto increasing knowledge “stickiness” and blocking its transfer from experts through the whole organization, and the failure to understand the business process.
Some of these obstacles are personal and cannot be managed directly, yet management can still somehow control them by applying pull and push strategies to help workers overcome their concerns and pull them towards utilizing knowledge maps (Balaid et al., 2016).
[bookmark: _Toc42101768]Expertise location systems
In order to build knowledge maps and utilize their benefits it is required to extract all knowledge that exists within organization or relevant for knowledge map that is being developed. Expertise is an important knowledge asset which is often tacit and so is hard to extract and codify, which leads to the necessity to apply special methods to do that. Expertise can be distributed when people communicate and interact. Users need to consult an expert to get insights on how to solve their problems, which lie in specific area. Though usually there is a lot of information available that can help in this case, mostly people still are more comfortable with the advice of an expert. Thus, conference participants search for paper reviewers, and students need appropriate research supervisors (Balog et al., 2012). The term ‘expertise’ in psychology is defined as the human cognitive skills that can be developed by conducting a task frequently (Anderson, 1999). Generally, people who possess expertise in a particular domain are called experts. However, there is no widely accepted definition of the term ‘expert’. Weiss and Shanteau (2003) defined an expert as an individual who has skills in his domain of expertise and can evaluate a particular domain topic. Furthermore, Lin et al (2017) identified an expert as an individual who has a great deal of knowledge and displays comprehensive skills in a specific area. Naeem, Khan and Afzal (2013) identified an expert as a person who has the best experience about a particular topic in a particular field of study, based on a collection of various factors.
The expertise seekers are those people who are looking for knowledge for particular purposes such as problem-solving and collaboration. They require all the necessary information about experts who can help them with relevant expertise. It is ineffective to manually gather data about experts, especially in highly fragmented and large-scale organisations (Mangaravite et al., 2016, Yimam-Seid and Kobsa, 2003). Therefore, Information Retrieval (IR) techniques are used to automate the selection of the suitable experts. Such techniques applied for this purpose are called expert finding systems (also referred to as expert locating or expertise retrieval systems). Expert finding systems identify candidate experts and rank them by their expertise in a specific domain. The candidate’s expertise is extracted from their expertise evidences (expertise sources) such as publications, reports, projects, and social network (Stankovic et al., 2010, Balog, Azzopardi and De Rijke, 2009). The expertise retrieval system is an effective tool for both individuals and organisations, as it enables them to easily find appropriate experts, based on the expert’s actual knowledge (Ehrlich, 2003). Early expert finding systems were based on particular expertise sources. Thus, Mcdonald and Ackerman (2000) and Mcdonald (2001) studied locating experts in the technical and support departments of a software corporation. Mockus and Herbsleb (2002) created a tool for locating expertise for software engineering collaboration, which was called Expertise Browser. Because of obvious limitations in these systems (e.g., focusing on certain document types), academia and industry have paid much more attention to systems that are able to mine heterogeneous sources of expertise evidence accessible in an organization. The P@noptic system developed by Craswell et al. (2001) is one of the pioneers of such systems, which proved usefulness of expertise location based on heterogeneous sources. As a result, at the Text Retrieval Conference (TREC) from 2005 to 2008, an expert finding task was launched as a portion of the Enterprise Track. It provided expert finding systems researchers with a public platform to evaluate approaches and algorithms developed for expert finding. Consequently, expert finding received significant attention from the IR research community, and quick progress was made in modeling, algorithms design, and evaluation. (Husain et al., 2019)
Expert finding systems were previously used in a broad range of both domains and environments such as enterprise (Balog, Azzopardi and De Rijke, 2009 and Craswell et al., 2001), question answering communities (Neshati, Fallahnejad and Beigy, 2017 and Liu et al., 2013), an online knowledge community (Wang et al., 2013 and Huang et al., 2017), social networks, and academia. Experts location systems have several benefits (Ehrlich, 2003):
1. Individual benefits — such systems, besides completing their direct purpose of finding experts, also connect people who are unable to interact in person otherwise. They also might improve the individual’s understanding of the processes within the organisation and enable people to customize their responses depending on people they may meet in future. (Husain et al., 2019)
2. Organisation level benefits — expert finding systems help organizations in two ways:
(1) They extract and depict tacit knowledge within organization and help people to have a clear understanding about who knows what; though, data of the expertise location alone is not enough. The organisation benefits in case if this knowledge can be actually applied to support problem-solving.
(2) Any expert finding system must also strengthen the ties between people who are acquainted with each other and increase conversations between people who are not acquainted, thus expanding their social network.
The expert finding task usually has procedures that can be classified into the issues:
1. Expertise evidence (sources of data) selection, which extracts the primary data from which expertise can be located and experts can be identified. Data related to the person should be mined and used in order to confirm whether the person possesses expertise in a given domain.
2. Expert representation — a primary goal of expert finding systems is to supply users with full information enabling them to not only locate expertise but also to select most suitable expert from the sample of the most relevant ones. It is crucial to set a list of criteria to form this list so that it fits system user current needs the most. Generally, an individual might be defined as expert based on his or her documented evidence and social interaction factors (which are also referred to as contextual factors).
3. Model building, which consists of three main stages, which are namely pre-processing, indexing, and modelling.
a. Pre-processing and indexing is a regular task for document retrieval systems, and a broad range of software tools are developed to solve this problem; for expertise retrieval, though, there is additional challenge. The identifiers of a potential expert (such as names, emails, etc.) need to be mined for within documents, and heterogeneous sources should be brought together to identify experts. Several text pre-processing techniques for traditional IR applications are used in expertise location. Thus, some expertise location systems eliminate stopwords from raw document data in order to increase precision of the results obtained (Balog et al., 2012). Heterogeneity of data sources used leads to specific challenges for both information integration and indexing. For instance, different names may refer to the same person or the same names in different sources might refer to different persons. (Husain et al., 2019) Named entity recognition (NER) and disambiguation play a fundamental role in most operational expert search systems (Balog et al., 2012). One of the ways of conducting NER is to use the expert identifiers as the query and associate the retrieved documents with that person (Petkova and Croft, 2007). 
b. Modelling and retrieval — modelling and retrieval are used for developing models to link appropriate experts with a user request and to rank results based on particular criteria (Balog et al., 2012). In the literature, there is a range of methods for building expert finding models, such as probabilistic, network-based (also referred to as graph-based), voting, and other models (Balog et al., 2012, Lin et al, 2017).
c. Models evaluation — the expert finding system is an IR system which is put to work with a request or query from the user to the system, to which system responds with a ranked list of experts that should be relevant to the initial query. Usually, expert finding system efficiency is evaluated using a test collection (datasets). (Husain et al., 2019)
4. Interaction design — the visualization of results obtained through using expert finding model is an issue of high importance. Just a number of names sometimes is not enough to as the user does not have the information to determine the relevance of an expert for solving particular problem. That is why expert search result pages usually include a list of documents, conferences, and journals, which help user to judge upon expert relevance for his request. Moreover, including contact details for each expert in the resulting list enables communication (Balog et al., 2012). There is a number of studies Also, photos of experts are essential because users may want to understand the possible seniority or familiarity of an expert before contacting him or her. Thus, the user may be searching for an expert of the same age or level. Moreover, information that might be used to prove expertise is also of significant importance to user when selecting the most suitable person from the list (Balog et al., 2012).
Usually, there are two major expert finding systems objectives — (1) finding a particular expert in a given domain and (2) expert profiling describing the area of expertise of each expert. Earlier studies (Balog et al., 2012, Lin et al, 2017) confirmed that these objectives are two sides of the same coin, since, in combination, they lead to a ranking problem, wherein the collection of the objects that had to be ranked were prioritized. (Husain et al., 2019)
[bookmark: _p3mew8vygg5t]The expert finding systems have been applied to several domains such as academia, enterprise, and social networks. For example, Husain et al. in the systematic review of expert finding systems (2019) found that such systems have been used in academia to find supervisors, paper reviewers, and research collaborators. In this SLR, the authors noted that 68 studies developed expert finding systems. After analyzing all these studies, the researchers observed that these systems were developed in six different domains for different purposes. These domains are enterprises, academia, knowledge sharing communities (KSCs), medicine, social networks, and online forums. Table describes these domains and studies in further details. From this table it can be seen that academia is the largest domain, comprising 44 studies (65%). A majority of the expert finding systems were used in the academic domain, moreover, in this field, the majority of such systems were created for particular purposes such as industry and university collaborations or finding research collaborator, paper reviewer, similar expert or thesis supervisor. Enterprise is the second largest domain including 10 studies (15%). A majority of the studies in this field developed and used expert finding systems for general purposes, except one reference (Paul, 2015), which applied the expert finding system for offering formal help. In another study by Wu et al. (2011), an expert finding system was used for developer recommendations. Other domains are minor and do not have significant importance for this research so we will not explore them in detail, though we still include them in the table for general understanding of this research line.
Table 3. Expert finding systems research papers distribution by domain and task
	Domain
	Task
	Frequency

	Academia University
	Research collaboration
	1

	
	Paper-reviewing
	2

	
	University-industry collaboration
	1

	
	Supervisor finding
	1

	
	Similar researcher
	2

	
	No specific task
	6

	Academia social network
	Research collaboration
	12

	
	Paper reviewing
	7

	
	Finding group of experts
	3

	
	R&D
	2

	
	No specific task
	8

	Enterprise
	
	10

	Medicine
	
	2

	Knowledge sharing communities
	
	6

	Online forums
	
	2

	Social network
	
	4


[bookmark: _gzc7gxmxnbpu]Most important expertise sources are publications (which are used in 22 research papers), social networks (10) and homepages (8). Some seemingly important sources, especially for some particular reasons of expert finding (e.g. supervised theses for searching for supervisor finding) are clearly underused in existing expert finding models.
Currently used models in expertise retrieval systems are based on three main components of analysis, which are experts, documents and the domain and can be classified into several major groups.
Generative probabilistic models, which evaluate the relationships between domains included in the query on one hand and individuals on the other as the probability of the particular expert to have sufficient expertise in the given area. This type of model is the first edition of the Text Retrieval Conference (TREC) Enterprise track, and is considered a popular approach for expertise retrieval. (Husain et al., 2019) The ranking process of experts is based on the probability of person e being an expert on query q (P(e|q)). 
Such models apply specific methods, for instance, document-based methods (also referred to as query-dependent methods) which first find the documents relevant to the query domains and then rank associated experts based on both document degree of association with domain and the degree of an expert association with the document. Therefore, experts are ranked based on a weighted set of documents. Examples of such methods, applied for estimating similarity of two researchers in (Gollapalli, Mitra, Giles, 2012) are:
· Okapi BM25 (OKAPI), which uses a vector of terms associated with researcher’s content to represent the researcher profile and considers one such profile as the query and the other as the document to measure similarity between them;
· KL Divergence (KLD), using a probability distribution to represent a researcher profile;
· Probabilistic Modelling (PM), using Latent Dirichlet Allocation as a tool for topic modelling in unsupervised clustering of data and exploratory analysis;
· Trace-Based Similarity (REL), using density matrices to represent vector subspaces for modelling concepts.
Discriminative probabilistic models are based on conditional probability distribution instead of joint probability distribution used in generative models. Generative models are strongly based on more assumptions, while discriminative “prefer to let the data speak for itself” and tend to have a lower asymptotic error. (Husain et al., 2019)
Voting models use different sources of information separately to rank experts and then combine these ratings by considering them as “voting” for experts instead of aggregating the values directly.
Network-based models use graph-based methods based on expert networks. There are many algorithms that are commonly used in network-based models, such as HITS and PageRank algorithms and random walk propagation algorithms. (Lin et al., 2017) Experts and documents are viewed as webpages, and hyperlinks can be seen as the expert–expert or expert–document relationships of the expert finding model.
[bookmark: _Toc42101769]CHAPTER 2. RESEARCH GAP AND METHODOLOGY
[bookmark: _Toc42101770]Research gap
Expertise location is the complex process that can be used for a wide range of purposes and in order to be useful it has to be highly customizable while being simple to use. Even more than that, each request for help from an expert is unique, which means it is absolutely necessary to provide user with all required tools to specify his query as detailed as possible.
At the same time currently developed methods are created for solving one particular problem: searching for academic supervisor or similar researcher or paper reviewer. At one hand it indeed allows user for easier setup of the system, since all of the users have more or less the same purpose of using it which allows to simplify both user experience and system itself. It is also especially helpful if we consider a case, where such system user does not have precise understanding of which exact expertise he is searching for, since he has to specify only a few basic conditions of the search.
On the other hand, even if we consider a single purpose method, for instance, looking for co-researcher, we would notice that in different cases people are looking for different skills. Sometimes they would like to collaborate with a person that has similar research interests, sometimes they are looking for help with a specific methodology, no matter of the area of interests and sometimes they have personal requirements towards the collaborator they would like to specify, such as professional experience.
If we will further consider that there is not a set of distinctive goals, but rather a specter of unique queries to find an expert, it becomes evident that user should have the ability to select which areas of expertise are important to him and what exact proof of expertise he is mostly interested in.
Existing research line does not provide such multi-purpose method and moreover all methods have only a few source of expertise proof (such as publication or citation data), mostly one or two. This obviously does not give much flexibility and even if a user would want to use that method for another purpose, he might be misled since for this particular purpose those expertise sources that are built-in the method might turn out to be completely irrelevant.
This makes it a widely spread practice to contact colleagues and use personal network in order to find an expert which is less effective, more biased and resource consuming way to solve this issue. 
Therefore, creation of multi-purpose, flexible and highly customizable expertise location method is clearly eliminating a research gap.
[bookmark: _Toc42101771]Research goals and objectives
The goal of this master thesis is to develop an expertise location method for universities allowing to solve various user problems through customization and using multiple relevant sources.
To achieve this goal, we have to answer following research questions:
· Which main tasks in the universities require expertise location?
· What are currently used methods and techniques of expertise location?
· Which techniques are applicable to universities?
· What method can be used for expertise location in universities?
Thus, we can formulate several objectives that we have to achieve:
· To identify main processes in the universities that can be enhanced by introducing expertise location method (e.g. searching for co-researcher or academic supervisor, educational programs development, etc.);
· To list and analyze known methods and techniques of expertise location process and estimate their applicability to the processes in the previous step;
· To develop a method for expertise location, applicable for any academic environment, considering existing methods and techniques;
· To demonstrate this method on experts from the same university and verify adequacy and precision of results
[bookmark: _Toc42101772]Design science research methodology
This thesis uses qualitative research methods by adopting design science research methodology developed by Peffers et al. (2007), which implies six consecutive stages and possible iteration if necessary (figure 1) in order to create an artifact to solve particular problem. In this thesis we aim to develop a method to enable effective expertise location within organization, which explains the choice of methodology.
[image: ]
Figure 1. Design science research methodology (Peffers et al., 2007)



Detailed description of how this methodology is applied to this thesis is summarized in the following table (table 4): 
Table 4. Methodology of the thesis
	Step
	Description
	Methods

	Identify problem & Motivate
	Define problem and show importance
	· Literature review to identify limitations of existing models;
· First round of semi-structured interviews to confirm and update problem definition from literature review

	Define objectives of the solution
	What would a better artifact accomplish?
	· First round of interviews to understand relevant user needs, expectations and restrictions the proposed method should meet

	Design & Development
	Creation of artifact
	· Listing tools from existing research
· Selection of the most appropriate tools based on interview insights
· Development of expertise location method based on the list of existing tools and interview insights

	Demonstration
	Find suitable context.
Use artifact to solve problem
	· Manually gather and analyze expertise sources for several experts
· Provide output for several method usage purposes

	Evaluation
	Observe how effective, efficient
	· Second round of interviews to evaluate expert profiling precision

	Communication
	Scholarly publications
	· Suggest further development of the method based on previous step
· Suggest further development outside the scope of this research: e.g. automation of the process and improvement of visualization of results



[bookmark: _Toc42101773]Data collection methods
Theoretical basis for the framework development is derived from literature review and analysis of existing frameworks to create knowledge maps and to locate expertise within organization. Information about selected experts for personal expertise profiling is obtained through both publicly available Internet resources, such as aggregators of publication data and personal webpages on the one side and personally disclosed data, for example, about professional experience.
Another crucial source of information, crucial for method development, is conducting semi-structured interviews with representatives of different groups of potential users: students, university management, researchers and experts, which are subjects for the expertise location and expert profiling processes, for confirming or disapproving preliminary needs, expectations and requirements towards method and its output deriving from literature review.

[bookmark: _Toc42101774]CHAPTER 3. METHOD DESIGN AND DEVELOPMENT
[bookmark: _Toc42101775]Purposes of expertise location and valid sources of expertise
In this and the next chapter we extensively use the results of the first round of semi-structured interviews, during which 11 respondents were interviewed, 7 of which are GSOM employees or students and 4 from other universities to confirm the applicability of the method to other universities. We also combine insights from these interviews with the conclusion derived from literature analysis.
Table 5 contains information on different respondent groups and their preliminary needs and requirements towards method, and Appendix 1 has all the main questions asked during the interview. Also it should be noted that both university management and active researchers are also experts to be evaluated using this method, so they were asked these questions as well.
Table 5. Main groups of respondents and their needs towards the method
	Group
	Preliminary needs for locating expertise

	Expertise location output user groups

	Researchers
	Finding collaborator for conducting particular research
Finding expert for paper reviewing
Finding speaker for conference

	Academic directors
	Understanding overall organization expertise for understanding capabilities for creating new and developing existing courses
Assigning professor that fits particular course best
Understanding gaps in overall organization knowledge

	Students
	Finding academic supervisor for writing thesis in case of the significant difference of desired topic from those offered by potential supervisors during their presentations

	Respondents, which are subject to expertise location process (are also users at the same time, so are interviewed from both perspectives)

	Experts
	Precise expertise estimation leading to proper decision making of other groups of users based on the method output

	All the groups, since anyone might have a need to find expert to consult with over specific question or issue

	Common for all groups
	Consulting with best available expert on particular question or issue


Distribution between groups was the following: 2 respondents represented university management, 2 were students, 2 were experts, not active in research area and the last 5 were active researchers, which are presumably the most relevant users of the method created using the method we seek to develop.
As for interview results, university management confirmed the relevance of both need to find the most suitable expert, for instance, for participation in public activities to improve university visibility and brand or for lecturing and need to have an overall organization expertise overview.
Students have confirmed the lack of tools to select the most appropriate scientific advisor for topics not listed in potential supervisors’ presentations. At the same time currently used system of allocating students for writing theses can hardly be fully integrated with suggested method.
Experts that are not active in conducting research, are mostly looking for experts not in academic environment but rather within professional communities, but they have stated their willingness to use the suggested method in case if it is simple to use and provides useful results.
Active researchers confirmed the needs to find experts for collaboration and paper reviewing, but also mentioned such purposes as finding speaker for the conference organized.
As for the sources relevant for each of the goals, respondents agreed that expertise classification into three major areas is relevant and confirmed the main sources that are used in this research: publications, conferences. citation data, positions held, courses taught. Some of the sources were mentioned by some of the respondents but doubted by others, such as grants and age.
[bookmark: _Toc42101776]Requirements for the method of expertise location
Interview also revealed several important requirements proposed method should meet in order to be considered useful by the potential users, which are listed in Table 6. There are also some requirements that can be drawn from literature review and interviews irrespective to the group.
In most cases, university staff currently prefers personal connections to find experts due to the fact that they are acquainted either to an expert or a person who can suggest an expert in almost any field. That means that in order to be used in practice our method has to be simple to use and have to be trusted in the degree comparable to recommendations from colleagues.
There is already a number of documents that require candidate experts have to fill in to provide university management with relevant information about their scientific and professional activities for their personal profiles or other purposes, so they would like to avoid reentering the same data several times if possible.
Since workload of experts varies greatly as well as workload of one expert over time, interviewed experts stated that they would like to have an opportunity to select their status, indicating their willingness to collaborate at the moment.
Table 6. Main groups of respondents and their requirements towards the method
	Group
	Preliminary requirements method should meet

	Expertise location output user groups

	Researchers
	High level of detalization to choose collaborator whose expertise covers most relevant domains required for this research that searching researcher lacks
Personal fit with researcher looking for collaborator: age, overlap in expertise, complementary expertise
Preferred methodology match: qualitative or quantitative, etc. Since some researches might be based on the methodology original author has no much experience with, he might look for expertise in this area, no matter what the collaborator research interests are

	Academic directors
	Possibility to compare experts with external ones to gain insights about competitive advantages of the university
Possibility to locate missing expertise, not only within domains there are internal experts
Multiple domain expertise location, since one course might be cross-domain
Data relevance and precision

	Students
	Common research interests.
Preferred methodology match: qualitative or quantitative, etc.
System could advise most suitable domains, based on student personal interests, as well as available supervisors’ ones.
Integration with the official system of assigning supervisors

	Respondents, which are subject to expertise location process (are also users at the same time, so are interviewed from both perspectives)

	Experts
	Minimal required time and self-disclosed data to keep expertise location results relevant and precise enough
Data security
Minimal personal involvement 
Presence of the tools to interact with own profile

	All the groups, since anyone might have a need to find expert to consult with over specific question or issue

	Common for all groups
	Expert current availability
Automatic domain identification from the request
Distribution of requests to not overload most knowledgeable experts
As solution sometimes lies in the other domain, expertise in related fields should be taken into account


Since the method is designed for academic environment, it should take into account peculiarities of such environment.
As far as users of the method are supposed to be a part of academic community they often are interested not only in the results of such a method, but also in proof of its reliability, which means that method should possess a certain transparence.
There is a broad range of possible purposes to find expert, as well as a large number of domains of knowledge, therefore method has to provide powerful customization options.
Most of the expertise sources are stored at the same online resources that should be outlined and parsed for information: e. g., citation and publication data and personal homepages at faculty website.
[bookmark: _Toc42101777]General concepts of the method of expertise location
The general idea of the method is to analyze input data of different types and to transform it into specific outputs as shown in the figure 2.
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Figure 2. Inputs and outputs of the method
In this research in order to develop and apply the expertise location method we use as a general framework the ideas of general probabilistic model “Model 2” proposed by Balog et al. (2006), which implies that degree of association between expert and query can be calculated as weighted sum of each document relevance to a given query, using as weights degree of association between expert and the document. We use this logic to estimate minimal grain of method results, namely the expertise of a particular person in a given domain obtained from the given expertise source (figure 3).
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Figure 3. Minimum grains of data preprocessing output
This idea is also used when we aggregate these grains into the final results to be visualized: we weight such grains by their relation to query.
Query defines both weight in terms it has to specify the target domain(s) for which we are estimating expertise of an individual and the goal of the search, such as searching for academic advisor, thus indirectly setting the weight of each source. 
We also use journal ratings in Scopus and Russian Index of Scientific Citation (RISC) in order to evaluate how reputable journal is along with checking whether the journal is included into the list of peer-reviewed journals in which the main findings of dissertations for the degree of candidate of sciences or for the degree of Doctor of Sciences should be published, which issued by Higher Attestation Commission.
We will also have some steps in method as “black boxes”, that take a given input and provide specific output. This is done due to several reasons:
· currently used tools are interchangeable and constantly developed, which means that we have to ensure that we provide the input in the right form for these tool to process and the next step to be able to take the output of the preceding black box as its own input, so that any algorithm could be used within this stage;
· list of sources should be defined after detailed analysis of the given organization current state and needs, that can be addressed by implementing expertise location method and therefore shape the whole method, so each step should be completed using the most appropriate techniques;
· most textual sources retrieval techniques have to analyze the full text of the publication which might be unavailable for free, which will put additional restrictions on this method implementation.
[bookmark: _Toc42101778]Method for expertise location
The method, as it was already stated, consists of consecutively applied tools and techniques that allow to transform raw data, partially available online and partially uploaded by candidate expert into expertise indicators and personal profiles of each expert.
Overall idea of the method is that following several steps and based on particular needs of expertise seeker on one hand and available expertise sources on the other tacit and fuzzy mutual understanding of colleagues’ expertise would be replaced or at least supplemented with formal map of knowledge within organization and ratings of experts for each particular domain.
The method includes following steps:
1. Input stage
a. Automatic input of the data, that is available online
At this stage we list sources that are used to obtain following data: publications, citations, courses taught, participation in conferences, grants, applied experience (e.g. consulting projects or position held at commercial organizations) membership in organizations, such as conference committees, editorial boards, etc. After that we retrieve all required data about candidate experts and transform it into a database, having following fields: expert identification number, expert name, publication title, year of publication and, finally, list of keywords, which will further allow us to determine which domains this work is strongly related to.
b. Manual input of missing data by experts
This step is conducted by asking the expert to fill two gaps in automatically collected data: firstly, provide data on sources of expertise that are not available online (for instance, if expert does not have personal page or haven’t stated there his memberships), and secondly, ensure relevance of the data from the first step in case of its inferiority by adding missing items.
2. Analysis stage
a. Evaluation of each item importance
Not all items are equally significant in estimating overall expertise of a given expert in particular domain. There are several general measures, which are common for several or even for all expertise sources: language used, relevance based on date, number of collaborators. Not all of them are used in the demonstration case for simplicity sake, however. Moreover, each expertise source has its own measures of relevance for expertise retrieval process. For example, for publications, it is the rating of the journal, for courses taught it is the level of education, lectures are aimed for: bachelors, masters, etc.
We estimate these measures in the range from 0 to 1 and then multiply them to get item weight as a single measure:
 ,
where  are different measures of the same item.
b. Listing related domains and measuring this relation
From the verbal description of the item (title and keywords of publication, title of position and description of responsibilities) we select the most related to this particular item domain(s) from the domain structure and assess relationship between them as 1 in case of clear match, 0.5 in case of high likelihood and 0 when relation does not exist. Structure of domains is defined manually or obtained from public ontologies. In the demonstration case we used structure developed by internal experts
c. Integration within each expertise source and each domain of knowledge
After we have estimated each item weight and its relation to different domains, we are able to calculate each domain overall expertise. Proven by a single source of the particular expert by calculating weighted sum of all items from a single source, using the following formula:
P(E|d) = ,
where  shows weight of the given item and  shows relation of the item to particular domain.
The output of this step is a matrix, having three dimensions: expertise source, expert and domain, having aforementioned sums, normalized by dividing by the maximum value of any expert expertise in any domain extracted from the same expertise source, as values:

d. Aggregation sources towards expertise areas
Summarizing different sources is conducted within two steps. Firstly, we estimate expertise in three major areas of activities: research, teaching and applied experience. We suggest that expertise in research should be based on publications and citation data and, to less extent, conferences, grants and membership in academic organizations, such as editorial boards and organizational committees of conferences. Teaching expertise is calculated through courses taught, courses developed and theses supervised, while applied experience is estimated through positions held at commercial organizations, consulting projects and other experience, that can characterize practical application of expertise.
We apply the following formula for this step:
),
where SW are source weights, and EA is an estimation for expertise referring to a specific expertise area (research, teaching or applied experience) of a given expert in the particular domain
At this stage we have data with three dimensions as the output: namely, experts, domains, and areas of expertise.
3. Visualization stage
a. Aggregation of the data according to query
After that, we finally aggregate data according to the query into two-dimensional structure. This can be done in one of three ways, according to query:
· experts — domains. Supposedly the most common way to present results, since it allows to rank experts by their overall expertise in a given domain. We eliminate areas of expertise dimension in this case by calculating weighted sum of their values, based either on preset of weights, associated with the goal of the expertise search, which is specified in the query, or weights, directly defined by the user:
,
where  are query weights,  are values of the expertise of the given expert in particular expertise area in the given domain that we sum for each expert and domain and n is number of  the expertise areas (in our case n = 3). 
· domains — areas of expertise. This table aims to show an overall picture of expertise within the organization and is supposed to be useful mostly for university management by helping to locate gaps in knowledge and particularly strong areas, which can be used as competitive advantage through introducing new courses and developing current programs.
This way of dimension reduction is carried out through calculating simple average values:
, where n is the number of experts.
· experts — areas of expertise. This format of data allows to get an overview, which experts are more research-oriented, and which put more effort at teaching, to potentially introduce personal motivation system:
· , where n is the number of domains.
b. Building visual knowledge map, depicting the results (when applicable)
The results are to be visualized using knowledge mapping technique, which makes output easy to grasp and use them effectively.
[bookmark: _Toc42101779]CHAPTER 4. METHOD DEMONSTRATION
[bookmark: _Toc42101780]Description of organization and environment
To demonstrate the practical application of the developed method the case of Graduate School of Management (GSOM) was used. GSOM is a leading business school in Russia, which was founded in 2005 by merging Faculty of Management, the Research Institute of Management and the Special Faculty for Personnel Retraining. In just 15 years it has 7500 graduates, 1200 students, 200 corporate partners which are involved into the development of curricula, give lectures, invite students for internships and organize joint projects, 78 international academic partners, 6 international research centers and 3 international organizations.
It also is regularly included into the world rankings of educational management programs and international rankings of business schools of American and European rating agencies.
Since 2013 GSOM Master in Management program has been continuously included in the Financial Times Global Masters in Management ranking and by 2017 improved its position by #23 out of 90 best Master in Management international programs. Rankings of the international business newspaper Financial Times, published in more than 20 countries around the world, are a generally accepted indicator of the quality of a business school or a program.
All this information has direct impact on creating expertise location method.
Firstly, GSOM has tight international relationships and provides some educational programs in English and at the same time the majority of employees and students are Russian, which implies, that expertise sources both in English and Russian, and for some purposes of expertise location the level of English of an expert plays an important role.
Secondly, GSOM has close relations with corporate partners, which might be interested in using the method to find the most suitable expert. That means that such corporate partner employees as a system user might have non-academic background and therefore lack deep understanding of knowledge domains structure and expertise proof. This calls for a simplicity in the method usage, allowing anyone to use it effectively.
Finally, existence of the research centers, partnerships with corporations and claimed focus on preparing the national elite of managerial personnel proves that all three major areas: namely research, teaching and practical application of expertise are crucial for both management and community of the school.
To conclude with, GSOM website has personal pages of each lecturer, which can be used as primary source of the data for the method, which can be complemented by independent Web resources, that contain publicly available publication and citation data.
[bookmark: _Toc42101781]Identifying relevant goals of expertise search
The primary purpose of expertise location method is to provide users with a relevant and easily understandable response for a specific request: which can be, for example, ranked list of suitable experts or knowledge map.
That means that in order to build effective method we have to develop a clear vision what are major goals of expertise search that are relevant for universities and particularly GSOM. We have conducted several semi-structured interview with representatives of different groups of method users.
The first group consists of researchers, that have claimed searching for collaborator or paper reviewer as major purposes of expertise location. Currently this is usually done through personal contacts and recommendations of colleagues, which is effective due to the relatively small number of researchers in a single academic research domain, as it was mentioned by one of respondents. Therefore, developed method should be effective and simple enough in order to be used to complement currently used approach. On the other hand, in the case of cross-domain research, finding a suitable expert through personal relationships is significantly more challenging due to the fact that the links even between different faculties of the same university are weak, experts in different domains attend different conferences and events and therefor have little chances to get acquainted to each other, which makes the system potentially useful for locating expertise in “distant” knowledge domains.
The second group of method users is university or faculty management. They would like to have, firstly, an opportunity to find the most suitable expert either for participating in public event or leaving a comment on particular issue in the media in order to increase university and/or faculty visibility or for developing the new course or giving lectures and, secondly, the overview of overall expertise of the organization. Such tool will enable them to:
· identify knowledge gaps to eliminate them and locate the strongest domains, which can be perceived and used as a competitive advantage;
· evaluate capabilities in developing existing courses and programs and creating new ones;
· be aware of risks connected with the concentration of expertise in a single domain in a few individuals. In this case their leave would significantly damage overall organization expertise and might potentially undermine the quality of several courses or even programs, whereas having several experts in each domain helps mitigate this risk
The last major group consists from students, who are mostly looking for an expert when choosing research advisor. In GSOM, though, there is fully designed process of allocating students to potential advisors, which includes presentations from professors, where they provide information on their research interests and preliminary topics of theses. But even in this system there might be a case, when student would like to suggest his own research area and does not know whom to approach for the discussion about possibility to collaborate on such thesis. Moreover, current advisor might lack expertise in some domains thesis is related to, so expertise location method could be used to suggest a suitable expert to consult with.
[bookmark: _Toc42101782]Gathering primary data
Primary data consists of several major parts: list of experts, domain structure, criteria for estimation and weights and, finally, list of items. User query can also be viewed as the input of the method, but, it is unnecessary to run expert profiling process irrespective of particular expert searching purpose and without queries method still generates useful data, that can be used for default requests. This is why we can define it at the stage where it is required for customizing final output of the method.
List of experts to estimate is provided by the university, including lecturers, scientists, not involved in teaching process and even doctoral program students, depending on university policy, budget, time and human resources available for the project and goals it seeks to achieve by implementing the method. For the demonstration we have profiled three experts within GSOM.
Domain list can be either developed internally by experts based on organization management requirements to the output or integrated from the outside, in case, if any of the existing hierarchies or classifications are suitable enough. For this thesis, there already was internally developed domain structure of GSOM expertise domains, which was used “as is”. It consisted of 12 domains, each having 11-20 subdomains. Some of subdomains belong to several domains simultaneously (Appendix 2).
Criteria for item estimation and weights are to be primarily defined by the organization policy and/or interviews and surveys conducted among system users and experts. They can be updated regularly either automatically or manually based on feedback or changes in policy.
Items, which are the primary subjects of analysis, are gathered from several sources. Most of it is stored within personal homepages of candidate experts at GSOM website: list of most important publications, conferences, positions held in corporate sector, conferences participation and courses taught.
Then the information collected is enriched by using additional sources, such as Pure, which is a service that contains publications and citation data on all the lecturers of Saint-Petersburg State University, and particularly GSOM, as well as his or her h-index, ongoing and finished projects. It also provides the results of analysis in the form of “fingerprint”, which is a set of most relevant keywords, characterizing research direction, but these results are far from accurate which might be caused by wrong association of works with domains, inaccurate domain structure and lack of effective weighting sources by their importance for expertise profiling. Another website that contains data on publication list with citation data is eLibrary, which is Russian digital library, integrated with Russian Index of Scientific Citation. Moreover, this resource has a wide range of metrics that could be potentially integrated into the method, such as average impact-factor of journals the author was published in and impact-factor of journals citing author.
After this step information should be confirmed and updated by the expert manually, since, for instance, consulting projects and research in progress is not available online and some items from sources that are generally accessible online as stated above might be missing and therefore should be added.
Another important piece of information that we used within the method is journal rating, based on Russian Index of Scientific Citations (RISC) and Scopus ranking, as well as Higher Examination Committee (HEC) recommended journals list.
This list of primary data is not fixed, it can be updated even for the same organization over time and should be completely reassembled for any other university willing to implement the method. Though no changes might be needed at the end, initiating and conducting reevaluation of the sources should be done for this method to be as effective as it could be. 
After all these steps the information should include items from following sources:
· Articles. Each item should have title, date of publication, number of coauthors, volume and keywords. Based on this information we can estimate date-based publication relevance, journal rating, personal impact, and degree of relation to different domains. All of these coefficients should be in range from 0 to 1.
Using the following formula:

where  is impact of the item towards total expertise of a given individual in a given domain,
TR is time relevance (in our method we considered works that were published less than two years ago are assigned TR equal to 1, less than 5 years equal to 0.8, less than 10 years equal to 0.5, less than 20 years to 0.2 and older articles receive TR equal to 0.1).
JR is the journal rating, which is calculated in a more complicated way, based on inclusion in mentioned above HEC list and rating in Scopus and RISC using the table X,
PI is personal input based on number of authors (this coefficient for works, written by a single author is equal to 1, with one coauthor — 0.7, works having 3 or 4 authors — 0.5 and for more authors the coefficient is 0.3).
DR is relation to domain. Although the most popular technique to estimate that is to find most commonly used terms within the full text of the work and to compare them with the full list of domain-specific terms, this approach requires the list of such terms for each domain, created either manually by the experts before implementing this method or automatically derived from the domain-specific literature, proposed by the experts. For that reason, combined with the need to have full texts of all analyzed articles which is an additional restriction of such technique, we simplified the calculation of this indicators to be based only on title of the work and keywords. If the title of the work allows us to assign it to particular domain(s), we take DR equal to 1, if from title we cannot do this, but keywords help us to do that, we take DR equal to 0.5.
VW is based on the volume of the work measured in the “printed pages”:  works that account for more than 1 printed page are granted 1 for this criterion, from 0.5 printed pages – 0.7 points and lesser works get 0.5.
Such simplified approach gives us the result from 0 (unrelated to domain) to 1 (article published less than two years ago in the top-10% Scopus rating journal publication with volume more than 1 printed page, written by one author and title related to a given domain). Lowest non-zero value so far would be 0.000075, which in practice allows to take into account only valid proof of expertise;
· Studies. Each study has to have the same attributes as the article, except for journal rating, which is inapplicable in this case;
· Conference papers. Same attributes as for studies;
· Teaching aids. Same attributes as for studies;
· Citation data. Each of the items from the aforementioned sources has also the attribute of number of citations, which multiplied by summarizing indicator  gives us the understanding of recognized expertise of the particular expert in the particular domain. It can be further improved by taking into account the level of citing publications;
· Positions held. Important factors that help us to estimate expertise through the lens of this source are relevance based on date of retirement from position and total duration of holding this position. We estimate coefficients that are based on this data, as follows:
For duration of time in the position we set 1 as the value for more than 10 years of experience, 0.9 for more than 5 years, 0.7 for more than 2 years, 0.5 for more than a year, and 0.2 for less.
For the relevance we use the same classification as for the articles and other sources that have the same attribute.
Obviously, degree of association with a given domain should also be included into the formula as the last factor. Basically we give 1 if from the position title we can derive clear relation to domain and 0, if we cannot. However, his source should be carefully examined by the expert and each position should be connected with all the related domains and the degree can be any value from 0 to 1;
· Consulting projects should have relevance and degree of association with given domain(s), calculated the same way as for position held and one special binary variable taking values 0.5 and 1 depending on whether the project was pro bono or paid. 
All these items should be listed within a single database, having all these indicators, name of an expert and domain as fields. Each item can be listed several times for each domain it is associated to and for each author within the organization. For instance, the article, which can be associated with two domains has four authors, three of which are GSOM employees and therefore candidate experts for the method, should be listed 6 times (twice for each expert). All the other fields do not change in this case. Moreover, additional 6 rows are added for such article as it is viewed also as citation source.
At the end of the data collection and preprocessing we should have a database that can be analyzed using SQL requests, Excel formulas or BI advanced tools depending on the organization resources and policy.
[bookmark: _Toc42101783] Data processing and intermediate results
Having a single database with three dimensions, which are namely experts, domains and sources filled with values from 0 to 1 showing the expertise of a given expert in a particular domain proof demonstrated by specific expertise source, we are able to aggregate it by calculating a simple sum of all the values within each “cell” of this structure (related to the same expert, domain and expertise source).
However, this would lead us to values which can be any number above zero. If an expert has one hundred publications with average summarizing indicator of association to a given domain equal to 0,5, his score would be 50. It is impossible to make any judgments on whether it is much or little until we compare it with other experts. That is why after calculating sum of all items in the same “cell” we have to normalize them to be within range 0 and 1, which will enable us to understand whether the person is expert in this domain or not without comparing it with other values and therefore will make the data easier to grasp.
Another crucial point for normalizing values is that for different sources the maximal values would be very different. Individual can possibly have even several hundreds of publications, but he definitely cannot have comparable number or positions, so without being normalized to be measured on the same scale different sources could not be aggregated into a single indicator, which is necessary step within this method.
To normalize values, we will divide them by the largest score for the same source between all experts and domains. This will allow us to compare different experts and different domains, as before this transformation of values, but make further analysis possible and results easier to understand. The only drawback of this method is that it doesn’t allow for external comparison. For instance, if almost no one in the organization attends conferences, then it might be possible we take a very little value as 1. From one perspective, it is useful, since it makes the differences between expert more visible by setting the scale based on maximal differences within organization, but, on the other hand, it will not show organization its weak places if we will study two-dimensional matrix of experts and sources. In other words, it is impossible to state whether the experts lack professional experience since at least one of them will have value of 1 in at least one domain.
However, this issue is possible to solve only if we know, which value is theoretically largest possible. We can assume that only for several sources, such as position held (we can take minimal legal age to be employed and maximum life span and use this to calculate highest possible pre-normalized value, by considering that person had only positions directly related to a given domain and changed them after required number of years to maximize cumulative value), but this is useless, since unachievable in reality. Other sources are impossible to estimate, so the question is always to find the most highly ranked expert. This brings us to the fact, that having more external experts listed in such method will increase the probability that such highest rated expert will be within the list.
However, this aggregation and normalization is not the end of analysis. The next step for estimating overall expertise of individual in a domain seems natural: reducing number of dimensions to two by weighting sources. Indeed, that will give us the single expertise indicator, which we can use to rank experts and to estimate organization knowledge gaps in particular domains, but setting all sources equal might be misleading.
For instance, if an expert is outstanding lecturer that developed several courses and teaching aids but has poor results in research activity he would have an average score and be ranked higher than mediocre researcher in the same domain, which has almost no teaching activities. For users of the method that are looking for co-researcher this ranking would clearly be useless and, when trusted, even harmful.
This calls for that weights for aggregation should be somehow defined by the method user based on the purpose of finding an expert. There are two extremes for solving this problem:
· precise direct tuning, which might be too complicated, especially for users that have non-academic background and for the most effective usage of the method it is crucial to clearly understand the way it is working, which calls for transparency of the method and required time to examine it;
· simple selection of the goal and using preset weights, possibly not even shown to user (e.g. for co-researcher finding we would assign high weights for publications and citations and low weights for lecturing). This approach makes method easier to use, but in case of uncommon goal of searching for the expert, not included in the list of possible purposes, it cannot provide any useful output. Moreover, even within the same goal, there is a range of requirements that can differ from query to query, which is impossible to take into account.
This is why though we use presets for particular goals they can always be easily changed by the user if needed to. But if all the calculations are done only after the query is received by the method, it will take time. In case such system has many users, that delay might be a crucial issue. Moreover, having all settings available, user can get confused and as using system is uncomfortable for him or her, he or she would prefer to use traditional approaches and refuse from using the method.
We have already stated that all the respondents confirmed that there are three major areas of activities relevant for expertise location process: research, teaching and applied experience. That enables us to conduct aggregation of expertise from different sources into a single indicator into two major steps: firstly, we group all sources within these areas using common weights and then user sets proportion of these three areas of expertise required for his specific purpose. Method still should offer some presets for most common goals, but these presets are easier to change and faster to calculate than weighting all the sources for all the experts.
There is also still possibly should be opportunity to manually redefine weights even within these three areas but this tool supposedly would be rarely used and this would still reduce the load on the system and simplify query formulation for vast majority of users.
Predefined weights of separate sources within three areas are selected based on the environment and organization peculiarities and therefore are subjects to organization policy. For the case of GSOM based on interviews we have defined following weights:
· Research activity. 80% of total value is based on publications (30% - articles, 30% - monographs and 20% - conference papers), 10% on citation data and 10% on membership in organizations, such as journal editorial boards and conference organizational committees;
· Teaching activity. 40% of value is based on courses taught and 60% on textbooks and teaching aids written;
· Applied activity. 50% of the value is based on position held, 30% on consulting projects, 10% on membership in organizations and 10% on conference papers.
These could be changed in two ways: manually by experts or automatically based on using feedback on the relevance of output, A/B testing technique and machine learning.
This three-dimensional matrix (experts, domains and areas of activity) is the final output of this stage from which system could extract all necessary information for a given query.
[bookmark: _Toc42101784]Query-based final stage of data processing and visualization 
As we have already stated there are two key points at this stage: calculating the data to be visualized and visualization of this data to make output as relevant for satisfying user needs as possible. Both of them are defined by the query which is reflection of the purpose of a single user seeking for expert. That is why it is crucial to develop a clear understanding of what information user would like to obtain when using the expertise location system for each of the common goals.
We should state that precise description of user interface and design of output is beyond the scope of this thesis: we aim only to define the list of what should be the output and how it should be visualized, more specific solutions about layout, software, color, etc. are up to the particular organization policy and budget.
· Finding collaborator or paper-reviewer. Since these purposes are similar in terms of required competences and desired information. Main things that are relevant for users pursuing these goals are:
· ranked list of most suitable experts, which is simply top positions of the list of experts in a specified domain(s) that we will get by weighting the areas either as preset suggests, which is 60%–10%–30% (here and further: research activity — teaching activity — applied activity) or custom settings. Note that user should be able to select several domains and set their weights, sum of which should be equal to 1. The table should include 4 columns for each domain (1 per area and 1 aggregated) and in case of the query with several domains specified 1 extra column with an indicator showing the overall degree of matching the query (Appendix 3);
· opportunity to view expert profiles and most relevant details. Each expert row should be clickable and lead to expert profile, that contains the knowledge map, depicting full ontology of this expert knowledge in all domains, including those that were not a part of a query (Appendix 3). Those which user is interested in are highlighted by different background color in order to show what this expert is best at and how does it match with the query. There might also be a list of the most important items for the query, which calls for consulting with preprocessed primary data before any aggregation, slowing the system. User should also have comparison tool building a single knowledge map for a few experts, highlighted with different colors enhancing decision making process. One of the compared experts might be user himself to better understand expertise in which domains overlaps with his own and in which domains complements it;
· contact information and willingness to collaborate over particular research at the moment. This information is filled and updated by expert, that might provide phone, e-mail or any other preferred way of communication, areas of interest or, vice versa areas expert is not willing to research at he moment, which might be different for different goals of search and current willingness to collaborate at all. Areas of interest might not correspond to expertise of an individual, so should be input manually.
Experts should also have the option to set different information shown to different groups of users: students, colleagues, corporate partners, external researchers etc.
· Finding academic supervisor. Students, using the system are interested in:
· List of individuals with highest expertise in a specific domain since this purpose is relevant only if student has his own area of interests for writing thesis which does nor overlap with any of areas possible supervisors stated during their presentations.
Suggested weights for this goal are 40%–40%–20%;
· contact information and how many students can this expert accept to supervise. This information is similar to the last block of information for collaborator or paper reviewer seekers, but willingness to collaborate should be replaced with a precise number of slots for supervising theses.
· Finding lecturer or developer of the new course. This is the only common goal that is based mostly on teaching area of expertise using the suggested proportion 15%–70%–15%. Management that is supposed to use the method for this purpose, already has the contacts of the expert, therefore output should include only:
· Ranked list of the experts matching the query;
· Knowledge map of the candidate expertise in all the domains with relevant ones highlighted and the most important items. The only difference from the similar profile from the first query type is that for this type of queries items are more obligatory and should be only from teaching area, since this is an important decision to make that calls for a decent proof of one’s ability to develop a course and lecturing experience cannot be successfully replaced by research expertise, especially if lectures are held in English.
· Looking for overall organization expertise overview. This is an absolutely different type of query, which should use data without reducing the number of dimensions. That can be explained, that there might be a wide range of insights management might be interested in a part of which might be lost if done so. So system should respond to such query with interactive report in the form of competence knowledge map, highest level of which is the table that should be constructed using experts as columns and major domains as rows and each cell should contain bar chart with a bar for each area of activity and a line of average (Appendix 4).
Each expert should have one additional chart for aggregated expertise, the same should be done for each domain. Top left cell above domains is used for overall organization expertise estimation. Aggregation rules should be customizable by sliders above or below the table, which will move the average lines in each cell.
Each major domain should be clickable showing hidden rows of sub-domains (previously referred to as domains), which on click lead us to the particular sub-domain overview, which is similar to ranked list from the previous outputs but with slider to customize weights of final aggregation stage. Each expert should also be clickable and lead to expert profile also with the ability to customize weights within output. Cells on click should show the list of all items proving expertise of the particular expert in the particular domain, ranked by importance within the table containing primary data.
Such form of organizing output contains all potentially useful information, which is structured and displayed at any level of the map in a user-friendly way, enhancing decision-making process.
The final results that we have obtained for three experts were discussed with them through unstructured interviews and were generally accepted. There were some minor disagreements upon specific areas in some domains, when respondents stated that their expertise was underestimated, which could be explained by the fact that some items were not included in the primary data. This shows that we should aim to include as many items in the primary data as possible. Anyway, expertise estimations were confirmed to be fair overall, and we can improve them even further by rebalancing weights and replacing techniques within stages with more advanced ones.
[bookmark: _Toc42101785]DISCUSSIONS
[bookmark: _Toc42101786]Benefits and limitations of the method
The developed method has several benefits, which can increase an overall effectiveness of university or even faculty in several ways.
Firstly, it allows for optimization of a significant share of internal processes that require from the particular individual knowledge which he or she lacks but which exist within organization in tacit form. Usage of such method allows for efficient and fast way to retrieve that knowledge by providing seeker with information about who might possess such expertise.
Secondly, experts are required not only for consulting purposes, but also for playing specific roles in particular process: head of program, lecturer for particular course, academic supervisor, paper reviewer. Suggested expertise location method automates the process of creating the list of candidates for such role and enhances decision making process. This leads to both reduction of time resources for assigning the most suitable candidate for the role and improvement of selection process, increasing probability that the most appropriate expert will be assigned.
Finally, such system provides helpful information in the easy to understand way, supporting a wide range of organization management issues:
· human resource management by identifying expertise gaps and risks, related to knowledge concentration within a few key experts and their potential leave. This information might be used for employee training and recruiting purposes;
· development of courses and programs by highlighting domains with the strongest overall organization expertise which can be perceived as core competitive advantage and therefore extensively based upon when developing courses and programs;
· providing consulting or other services for external corporate clients, as well as collaboration with other organizations, which is enhanced through both realistic understanding of core competences organization possesses and selecting most suitable consultant(s) for each particular project, strengthening brand.
Nevertheless, the method has a number of restrictions. The most important one, is that though the method is based on the algorithm, which is based on both theoretical information and interview insights and composed of steps each of which has input and output defined in details, each of the steps can be perceived as black boxes, which can be replaced with any technique of data processing, as long as it takes the same input and provides the same output.
This was done due to several major reasons, discussed in detail in “Frameworks and tools” section, namely constant development of such techniques, specific requirements of the most widely used tools (e.g. access to full text of all analyzed sources) and, most importantly, list of sources and requirements towards method should be defined after detailed analysis of the organization current state and needs, so each step should be completed using the most appropriate technique.
Another limitation of the research is the possible bias towards GSOM case, since the majority of the respondents were representing this university, so the choice of sources, most common needs, preset weights and concepts of the method were derived from the business school environment specificities. On the other hand, this could be overcome during the application of the method to another case by conducting interviews within that organizations to redefine inputs, that are still processable by the method. For instance, if we would apply the method to technical universities, we would be able to use patents as another source of expertise, if we confirm their importance, define how do we estimate each item and how do we include this source to areas of expertise.
For this research primary data collection and preprocessing were carried out manually, since it is more effective for the small sample of experts to be evaluated to test its effectiveness and data collection techniques are outside of the scope of the main goal to create method.  
Though method was verified by asking several experts to estimate the precision of their personal profiles and therefore is confirmed to generate fair output, the overview of overall organization expertise generation was conducted in only theoretical way and therefore cannot be validated.
[bookmark: _Toc42101787]Suggestions for further research
There is a lack of qualitative studies in expertise location field, exploring effectiveness of application of such systems. Also the method could be adapted for using in any environment by changing primary data sources, setting hierarchy of sources aggregation and shaping output structure. This method itself can be improved through automation of primary data retrieval, usage of the most suitable algorithms within each step and feedback integration to shape preset weights.

[bookmark: _Toc42101788]CONCLUSION
The goal of this master thesis was to develop an expertise location method for universities to enhance its processes through boosting personal effectiveness by providing a tool for access to internal tacit knowledge and through supporting decision making process for university management. Through analysis of theoretical background and results of semi-structured interviews the desired outcome was achieved.
The theoretical contribution of the thesis is in developing knowledge management field of study through enhancing knowledge-mapping practices by developing expertise location approach through proposing multi-purpose method allowing to aggregate data from different sources into a single indicator of query-related expertise in range between 0 and 1. Moreover, study examines academic environment for applying such method, being environment-specific, but could be applied to any other domain, if all the inputs and expertise areas are reworked. Method creates a bridge between managerial needs to effectively use internal knowledge assets on the one hand and computer science techniques on the other.
The practical implication is in offering a new tool, relevant for enhancing a major share of all internal university processes and university management, acting like a basis for both expert seeking methods and knowledge maps. It can be tuned to serve any specific need of anyone to find an expert: to consult with, to find collaborator, paper reviewer, academic supervisor, conference speaker or lecturer, to assess overall organization expertise to support strategic decision making by identifying core competitive advantages, critical knowledge gaps and risks, created by high knowledge concentration.
The main limitation of this paper is the validation of the method only for one organization and only for particular candidates’ expertise, which may not be enough to implement it in different universities as is. Moreover, since benefits partly lie in the area of better decision making in courses and programs development it is hard to estimate them after several years, since not only development and implementation themselves take time, but also the results can be estimated only after some delay.
Further research might be aimed at applying this method as framework for different environments, bring more qualitative approach to this field and to test this method by practical implementation it in order to confirm if it is applicable for any university or should be modified. Method could also be enhanced by automatically adjusting presets by introducing machine learning using feedback to automate method iterative development using feedback.
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General questions
1. Expertise is most often referred to as the human cognitive skills that can be developed by conducting a task frequently. Do you have any objections to such definition?
2. Do you consider expertise location effective if scoped only within university or in order to be considered useful it has to include several organizations?
3. What do you think about opportunity for experts to manually correct personal profiles? Do you feel there are additional risks implied by expansion of the model to several universities? Does potentially increased precision outweigh those risks?
Questions for academic directors
1. Which are the main reasons for you to locate experts: understanding overall organization expertise to understand capabilities for creating new and developing existing courses, assigning professor that fits particular course best, understanding gaps in overall organization knowledge?
2. Which sources would you use to verify expertise in particular domain for each of those purposes: courses taught, courses developed, publications within this course scope, professional experience in this area, h-index, conference participation, something else?
3. What are important requirements or aspirations for expert location process for each of the purposes: possibility of comparison with external experts and organizations, location of not only existing expertise but also attempt to locate expertise missing in the organization to identify knowledge gaps, data relevance, data precision; something else?
4. What are your main concerns about possible problems?
Questions for researchers
1. Which are the main reasons for you to locate experts: finding collaborator for conducting particular research, finding expert for paper reviewing, something else?
2. Which sources would you use to verify expertise in particular domain for each of those purposes: publications in the same or related domain, h-index, methodology used in previous research, participation in conferences, something else?
3. What are important requirements or aspirations for expert location process for each of the purposes: high level of detalization of expertise to choose collaborator whose expertise covers most relevant domains required for this research that searching researcher lack, personal fit with researcher looking for collaborator: age, overlapping or complementary expertise, something else?
4. What are your main concerns about possible problems?
Questions for students
1. Which are the main reasons for you to locate experts, besides finding academic supervisor for writing thesis?
2. Which sources would you use to verify expertise in particular domain for this purpose(s): previously supervise theses, h-index, preferred methodology both within own research and supervised theses?
3. What are important requirements or aspirations for expert location process for each of the purposes: common research interests, preferred methodology match: qualitative or quantitative, system ability to advise most suitable domains, based on student personal interests, as well as available supervisors’ ones, integration with the official system of assigning supervisors, something else?
4. What are your main concerns about possible problems?
Questions for experts
1. Since you clearly possess expertise and so far are a subject for expertise location process, what is the most important for you in this process: precision of the results, required amount of self-disclosed data, data security, time resources required, something else?
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Domain structure
Finance and accounting: audit, business planning, internal control, investment, quantitative research methods in finance, corporate governance, international financial management, emerging markets, risk management, strategic finance, intellectual capital management, management accounting, financial modeling, financial planning and forecasting, financial institutions and markets, financial analysis, financial accounting, fintech, value-oriented management.
International management and international business: global trade, global economy, global economy, international institutional environment, international trade, international entrepreneurship, international business strategies, international institutions, international supply chain operations, international marketing, international financial management, multinational companies (MNCs), foreign direct investment (FDI), emerging markets, strategies for entering foreign markets. 
Information systems and information management in management: enterprise architecture, knowledge engineering, artificial intelligence, IT in logistics and supply chain management, IT in HR management, corporate information systems, emerging markets, knowledge management systems, smart cities, business management processes, data management, knowledge management, sustainability, fintech, digital commerce, digital transformation, digital marketing, e-government and IT in state and municipal government.
Entrepreneurship and innovation: business planning, venture financing, corporate entrepreneurship, international entrepreneurship, youth entrepreneurship, new entrepreneurial teams, open innovation, entrepreneurship, emerging markets, the development of small and medium-sized businesses, family business, the creation of new firms, social entrepreneurship, strategic entrepreneurship, technological innovation, innovation management, sustainable innovation, effectuation and causation.
Marketing and sales: B2B marketing, innovation marketing, relationship marketing, marketing research, marketing channels, marketing communications, international marketing, consumer behavior, emerging markets, market orientation, strategic marketing, brand management, sales management, pricing, digital commerce, digital marketing. 
Organizational behavior and human resource management: coaching, IT in HR management, corporate governance, leadership, staff motivation and compensation, staff assessment and hiring, success psychology, emerging markets, human resource development, labor markets, professional and personal development technologies, management knowledge, team management, conflict management, HRM in innovative companies, economic psychology.
Economics, ecosystems, markets and institutions: global economy, institutional economics, macroeconomics, macroeconomic policies in the global environment, international political economics, microeconomics, emerging markets, oil and gas markets, labor markets, econometrics, economics for managers, energy markets.
Methods of data analysis and decision making: business statistics, simulation, operations research, qualitative methods of data analysis and decision making, quantitative methods of data analysis and decision making, mathematical methods in economics, research methods, emerging markets, statistics, game theory, econometrics.
State and municipal governance (SMG) and urban studies: anti-corruption policy, urban transport policy, public procurement, public service, public-private partnerships, institutional analysis of public policy, macroeconomic modeling and forecasting, taxation and insurance, emerging markets, smart cities, management of public sector organizations, management territorial development, sustainability, health economics, economics and management of infrastructure sectors (natural monopolies), social economics, e-government and IT in the SMG.
Strategic management: organizational development management, enterprise architecture, business planning, corporate social responsibility, corporate entrepreneurship, corporate governance, international business strategies, responsible leadership, emerging markets, strategic orientation, strategic analysis, strategic leadership, strategic technological innovation management, management knowledge, change management, intellectual capital management, enterprise transformation management, performance management, sustainability, value-oriented management, digital transformation.
Operations and project management: logistics, analytical tools in supply chain management, business planning, IT in logistics and supply chain management, international operations in the supply chain, emerging markets, distribution in the supply chain, warehouse logistics, transport logistics, business management processes, inventory management, knowledge management, quality management, project management, supply chain management, performance management, sustainability, sustainable value chains.
Interdisciplinary and other areas: soft skills, enterprise architecture, business ethics, visual and analytical thinking, business communications, design thinking, knowledge engineering, case study method, teaching business disciplines, research methods, negotiations, rhetoric, knowledge management, intellectual capital management.						
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Expert profile visualization

This is profile constructed for the query, expressing need in research supervisor and having preset proportions 40%–40%–20%. Domain 1 has 70% of importance, while Domain 2 only 30%.
Expert ranked list
	 
	Domain 1
	Domain 2
	Overall

	 
	Research
	Teaching
	Applied
	Overall
	Research
	Teaching
	Applied
	Overall
	

	Expert 1
	0.9
	0.8
	0.5
	0.78
	0.6
	0.5
	0.5
	0.54
	0.708

	Expert 2
	0.7
	0.8
	0.6
	0.72
	0.5
	0.9
	0.4
	0.64
	0.696

	Expert 3
	0.8
	0.6
	0.6
	0.68
	0.5
	0.6
	0.2
	0.48
	0.62

	Expert 4
	0.5
	0.4
	0.7
	0.5
	0.7
	0.6
	0.4
	0.6
	0.53

	Expert 5
	0.3
	0.7
	0.2
	0.44
	0.1
	0.2
	0.1
	0.14
	0.35


[bookmark: _Toc42101793]Appendix 4.
Overall organization expertise knowledge map
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«Managementy, state that my master thesis o the topic «Development of a Method for Expertise
Location at Universities», which is presented to the Master Office to be submitted to the Official
Defense Committee for the public defense, does not contain any elements of plagiarism.
All direct borrowings from printed and electronic sources, as well as from master theses,
PhD and doctorate theses which were defended earlier, have appropriate reference
1 am aware that according 1o paragraph 9.7.1. of Guidelines for instruction in major
curriculum programs of higher and secondary professional education at St.Petersburg University
«A master thesis must be completed by each of the degree candidates individually under the
supervision of his or her advisor», and according o paragraph 51 of Charter of the Federal State
Institution of Higher Education Saint-Petersburg State University «a student can be expelled fiom
St Petersburg University for submitting of the course or graduation qualification work developed
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