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Abstract

This paper presents the results of studies aimed at analyzing the eff ectiveness of a research center. 
The study focuses on the process of self-organization of project teams (groups of co-authors) for 
project implementation (writing a scientifi c article). The initiative to create a team comes from one of 
its members. The paper describes a formal model, based on a competence approach, which considers 
the types of tasks to be solved and the necessary skills of the staff . The paper also presents the results of 
simulation in the AnyLogic environment and problems for further research.

The competency profi le of each employee is a vector where each coordinate describes the level 
of mastery of the corresponding skill. The competency profi le of the team is a vector obtained as the 
result of simple addition of the competency profi les of the participants. The proposed model assumes 
that each task requires a certain set of competencies and that the list of competencies and the level 
of experience are the criteria for deciding whether to join the team. The logic of decision making 
at various stages of team creation is modelled by functions. At each step of the modelling, the next 
employee is chosen randomly. To calibrate the team member’s competency profi le, internal data on 
employee qualifi cations of the Gazpromneft Research Center was used. The constructed model is the 
basis for further studies of the process by which project teams are created and function in a scientifi c 
environment and for developing a methodology to assess the eff ectiveness of the work of research 
teams. It helps to predict the need for personnel with diff erent competencies, plan activities to improve 
the skills of employees and strengthen communication in the team.
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Introduction

A
nalysis of the effectiveness of basic 

research and research and develop-

ment, as well as studies of factors 

influencing research effectiveness have been 

discussed in many publications (e.g., [1–4]). As 

a rule, these publications consider the research 

team as a “black box” that outputs research 

results. Effectiveness analysis only considers 

results, while the inner structure of the research 

group is usually not taken into account. The 

self-organizing team is studied in detail in [5]. 

Other publications study motivating factors [4] 

and factors impacting effectiveness [3]. Team-

work modeling and analysis has also been stud-

ied in detail since the mid-20th century [6–8]. 

A formal description of competency profiles is 

the subject of numerous studies and publica-

tions (e.g., [8, 9]).

In the present article, we propose using a 

mathematical model of team formation based 

on competencies in order to increase the effec-

tiveness of research management1. We employ 

a simplified model that posits the existence of 

a fixed set of skills. The competency profile 

of each team member can be represented as a 

vector, each of whose coordinates describes the 

level of the corresponding skill. The vector rep-

resenting the competency profile of the team 

is obtained by simply adding the competency 

profiles of participants. Such a model assumes 

that a competency is measured by the effec-
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tiveness of solving the corresponding type of 

problem. It is natural to posit that, in the case 

of teamwork, the effectiveness of team mem-

bers adds up. A similar vector can be used to 

represent the problem profile. To prepare and 

implement the research project, a certain level 

of effectiveness is needed for each type of prob-

lem in order to be able to finish on time. A rig-

orous mathematical description of this model 

is given in Section 2.

This article has the following structure. Sec-

tion 1 gives an informal description of the 

competency model and the formation of a 

coauthor team. Section 2 elaborates mathe-

matical definitions and an algorithm for team 

formation. The computer experiment and its 

results are described in Section 3. The Con-

clusion lists open questions and areas for fur-

ther study.

1. Coauthor 

team formation

This section gives an informal description of 

the formation of a coauthor team and the prin-

cipal assumptions involved. They will be subse-

quently expressed in mathematical language in 

Section 2.

1.1. Assumptions and restrictions

The present article studies small self-organ-

izing teams (with up to six members [10]), in 

1 Preliminary results of the study were presented in the graduate work by Polina  
V. Chesnokova, defended at the HSE Faculty of Computer Science in 2018
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which the initiative of team formation is taken 

by the staff members themselves. This assump-

tion reflects the state of things with regard to 

most research teams: the administration may 

try to motivate staff members to submit appli-

cations to research conferences or write arti-

cles for research journals, yet the final decision 

is made, as a rule, by the staff members them-

selves.

It is assumed that the list of competencies 

and amount of experience are the main cri-

teria for a staff member’s decision to join the 

team.

The model’s input data are the set of top-

ics specified in incoming invitations to sub-

mit applications to journals and conferences. 

One or several topics are given for each jour-

nal or event. The preparation of an article on 

the given topic requires a certain set of com-

petencies.

It is assumed that the model shall be used 

to analyze the work of medium or large teams 

with a membership of between several dozen 

and several hundred people over a long period 

(1–3 years).

1.2. Start 

of team creation

Team formation begins with the decision 

taken by the first team member to create a 

team for drafting an application to a con-

ference or an article for a journal or edited 

volume. The procedure is as follows. A staff 

member looks through the list of invitations 

and assesses his competencies with regard to 

each topic. If at least one of his competencies 

matches or surpasses the requirements, he 

decides to form a team and becomes its first 

member. At the beginning, the team’s compe-

tency profile coincides with the competency 

profile of the first member. Subsequent mem-

bers join the team on the basis of the require-

ments of the given topic and the competency 

profiles of other team members.

1.3. Recruitment 
of new team members 

The second (or subsequent) member learns 

from one of the team members about the pro-

ject goal and the current team competency 

profile. This information circulates among 

staff members, who are acquainted with each 

other. We assume that, in comparison to the 

total project duration, one can neglect the time 

spent on communication during team forma-

tion. The model represents this communica-

tion by a graph. Each subsequent team member 

assesses his competencies from the standpoint 

of the team’s needs for attaining its goal and 

makes a decision about joining the team. This 

decision shall be affirmative if at least one of 

the competencies of this staff member helps 

the team to attain its goal.

1.4. Finalizing the team

Given the limited time allocated for solv-

ing the problem, the time for team formation 

is limited as well. If a team with the required 

set of competencies has not been formed by the 

deadline, the process stops, the team members 

are relieved of their responsibilities, and they 

are free to look for other problems. 

If the team is formed successfully, then one 

can assume that its members will be occupied 

for some time to come and that their joint work 

will lead to a publication.

2. Model

In this section, we present the formal math-

ematical definitions of the notions and proce-

dures described above. 

2.1. Formal competency model

Let N denote the number of key skills neces-

sary for working in the given subject area and 

W – the set of staff members of the organiza-

tion. Then the competency profile of the staff 

member is the vector

MODELING OF SOCIAL AND ECONOMIC SYSTEMS
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The competency profile of the team  con-

sisting of  members is a vector of the same 

dimension  that is equal to the sum of vectors 

of individual team members:

The -th component of the vector informally 

corresponds to the effectiveness of the mem-

ber or team in solving a problem of the given 

type.

The profile of the problem  is also an -

dimensional vector:

Here the -th component of the vector cor-

responds to the minimal effectiveness of the 

team assuring that all the problems of the cor-

responding type will be solved on time and with 

the required quality.

2.2. Model for making 

the key decisions

The key functions of team formation are 

the functions that model the decision-making 

logic at the different stages of the process:

   describes the choice of goal by the 

first team member:   if staff member 

w considers goal p and takes a positive decision 

to form a team and   otherwise;

  (w, T, p) formalizes the decision-making 

process with regard to the recruitment of the 

second and subsequent members to the team;

  (T, p, t ) models the decision of voluntary 

team dissolution at time  based on a compari-

son between the team profile and the problem 

profile.

For the purposes of the present article, we 

assume that ,  and  are functions that depend 

only on the competency profiles of the team 

member, the team and the problem, respec-

tively. Functions ,  and  take values on the 

set {0, 1}. Thus

        

  =   (     
  =        

Furthermore, let  denote the space of pos-

sible values of the competency vector. Then the 

fact that the team formation algorithm in our 

model depends only on the competency pro-

files of the team member, team and goal results 

in the function types  ,   and  :

  : K 2  {0, 1},

  : K 3  {0, 1},   

  : K 2  {0, 1}.

These functions can be described with the 

following logical formulae:

' (x, y) = 1   i (xi  yi )

' (x, y, z
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i
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i 
)  (y

i
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i 
)]
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i 
)  (t 

max 
).

2.3. Team formation

When team formation is complete, a list of 

open problems  is specified, and a profile 

 is defined for each problem   . The 

set of staff members W is also specified, and 

a competency profile  is assigned to each 

staff member w  W. A communication graph 

  W  W is also given for the staff mem-

bers. Another parameter is the time 
max

 during 

which team formation must be complete.

At each step, the following occurs:

1. Every staff member w
0
 that is not on a team 

and has not received an invitation to join a team 

considers the list of goals . If he finds a  for 

which  (w
0
, p

0
) = 1, then the staff members 

makes the decision to create the new team  

and sends an invitation to all his neighbors on 

the communication graph  to join the team.
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2. If the staff member w
1
 is not a member of 

team T
1
, that was created to solve problem p

1
 

and has not received an invitation to join it, 

then he accepts the invitation if  (w
1
, T

1
, p

1
) = 1

and sends an invitation to all his neighbors 

on the graph . Otherwise, the invitation is 

declined.

3. If, for the team T
2
, created for solving 

problem p
2
 the condition  (T

2
, p

2
) = 1 holds, 

then the team sets to work, and all invitations 

are annulled.

4. If, for the team T
3
 created for solving prob-

lem p
3
, the condition  (T

3
, p

3
) = 0 holds after 

the fixed time 
max

, then the team is dissolved, 

and all invitations are annulled. 

Although ,  and  are determined, the algo-

rithm allows for a large degree of indetermi-

nacy that stems from the undetermined nature 

of the objects within the system. In particular, 

the result depends on the following parame-

ters, which are random in nature:

 order in which a free staff member consid-

ers the list of problems;

 order in which a staff member considers 

the received invitations;

 order in which staff members are chosen 

for applying a step of the algorithm. 

3. Computer experiment

The key parameters of the model that are 

required for the computer experiment are: 

 structure of the space K of possible values 

of the competency vector; 

 characteristics of the staff communication 

graph   W  W; 

 distribution of competency profiles among 

staff members k(w); 

 characteristics of incoming problems k(P). 

The configuration of the above parameters 

depends on the specifics of the modeled organ-

ization. Some of them can be measured or eas-

ily calculated by obtaining accessible infor-

mation from the personnel department or 

analyzing data from corporate information sys-

tems. For other parameters, the choice is made 

by solving the inverse problem, i.e., selecting 

values for which modeling results best match 

the parameters of teams observed in practice 

[11, 12].

In this article, the input data for modeling 

the interaction of staff members was taken 

from telephone logs as well as office param-

eters such as the schedule of company events 

and meetings, typical staff itineraries, etc. The 

information on competencies was taken from 

an analysis of the publication activities of the 

organization. 

The model described above was run in the 

AnyLogic environment [13, 14]. The base 

classes Competency, Topic, Staff Member, 

Team, Publication and the aforementioned 

process of team formation were run. The 

computer experiments were made on a high-

performance computing cluster consisting of 

ten computers with network attached stor-

age.

3.1. Research topic

In the field of oil and gas production and 

treatment, the list of current research top-

ics constantly changes. Changes in research 

topics in the oil and gas industry were stud-

ied in [15]. A list of current topics appeared 

in a leading geophysics journal in 20182, for 

example. Moreover, the calendar of key the-

oretical and applied research conferences is 

known ahead of time3. These data were used 

to configure the parameters of the set of cur-

rent research problems : the problem top-

ics were taken from the Neftyanoye khozyay-

stvo (“Oil Industry”) journal over the period 

2011–2017.

2 http://fb.eage.org/index/guidelinesforauthors?p=103
3 http://www.spe.org/events/calendar/

MODELING OF SOCIAL AND ECONOMIC SYSTEMS



BUSINESS INFORMATICS   Vol. 13  No 2 – 2019

12

Actors took decisions on team creation and 

coauthorship in accordance with the afore-

mentioned algorithm. Figure 1 shows one of 

the steps of the simulation process. Some staff 

members are already working together, as one 

can see from the coauthorship graph.

3.2. Competency profiles

For the purposes of calibrating staff com-

petency profiles, we used company data on 

staff qualifications of the GazpromNeft Sci-

ence and Technology Center (these data are 

constantly collected and updated). In all, 20 

staff members from a single department took 

part in the experiment. We used the person-

nel management model given in [16] to keep 

track of the recruitment and dismissal of staff 

members.

3.3. Communication graph 

of an organization

To make a communication graph, one ana-

lyzes communication by telephony, SMS, 

and email, communication at meetings, and 

Fig. 1. A step in the simulation process
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communication for the purposes of reserving 

rooms, organizing trips, receiving technical 

support, etc. [17, 18]. Note that such attrib-

utes of communication as calendar entries, 

meeting proceedings, attached documents 

and protocols may be digital even if the con-

tent of communication channels is non-digi-

tal. 

For the purposes of the present study, it is 

important to note that one can draw the com-

munication graph  by analyzing data from 

the corporate information system, if available.

The principal factor in team formation is 

personal ties: if the coauthors do not know 

each other, the probability of them writing a 

joint article amounts to zero.

In the present experiment, we disregarded 

many social factors described in the books 

[19, 20]. For example, personal affinity [21] 

or respect for rank [22] may change the pat-

tern of staff interaction in the office. The 

impact of social factors greatly depends on 

cultural specifics and varies between countries 

and regions. For the purposes of the present 

article, we took personal ties as the key ele-

ment of team formation. In subsequent stud-

ies, we may add other socio-cultural factors to 

this model.

3.4. Coauthor 

team size

A detailed analysis of team size is given in 

the article [10], which studies the mean size of 

coauthor teams in different fields of research 

(Figure 2). Today, the mean number of coau-

thors of an article ranges from 2 to 6. This data 

was used to calibrate the model and, more pre-

cisely, to refine the topics and competency 

scale for staff members. 

3.5. Results 

of the computer experiment

Conducting computer experiments based 

on the above model allowed experts to use the 

communication graph to identify potential 

professional ties that could greatly improve 

the effectiveness of work. These results may 

be used for organizing company events (semi-

nars and conferences) with a well-defined list 

of participants to promote maximum effec-

tiveness.

Fig. 2. Mean size of the coauthor team by research field [10]
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Conclusion

The simulation model constructed here can 

be used to conduct computer experiments for 

the scenario analysis of different situations relat-

ing to possible personnel changes at a research 

center. In particular, this model can help to ana-

lyze the impact of recruiting a new staff mem-

ber with a given set of competencies, dismissing 

a staff member, or changing a staff member’s 

H

H
VP

Fig. 4. Coauthorship graph for the Tatneft Company Research Center [11]

D

D

Fig. 3. Coauthorship graph for the Bashneft Company Research Center [11]
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competency profile. Another useful feature 

is the possibility of simulating different sce-

narios involving changes in the communica-

tion graph. Thus, this model can be used by 

research division managers and directors of 

personnel departments to answer the follow-

ing questions:

 What will be the impact on a team’s effec-

tiveness of the dismissal of a staff member or 

his transfer to another department?

 What is the most effective way of involv-

ing a new member in teamwork? With which 

members should he predominantly interact?

 Which links should be inserted into the 

communication graph of staff members to 

improve the team’s effectiveness?

 What is the best way of allocating per-

sonnel development resources? The develop-

ment of which competencies shall have the 

biggest impact on the team’s overall effec-

tiveness?

Earlier studies [11] have shown that the 

coauthorship graph can vary greatly between 

sectoral research centers (Figures 3 and 4). 

This is often due to poorly organized commu-

nication.

The constructed model can serve as a basis 

for further research on the formation and 

management of project teams in a research 

environment. In particular, we plan to use it 

to develop a methodology for analyzing the 

effectiveness of academic research.

It may also be interesting to improve and 

expand the model in the following ways:

 Competence models may be improved 

with the help of fuzzy logic;

 When modeling long-term periods, it is 

necessary to keep track of the career and pro-

fessional development of staff members and 

the corresponding changes in their compe-

tency profiles;

 Special attention should be paid to syn-

ergetic effects, which include, first and 

foremost, knowledge exchange in a group, 

the existence of supplementary skills that 

are not needed to solve the problem, and 

the emergence of mentorship. Synergetic 

effects should be taken into account when 

keeping track of changing team competency 

profiles;

 The functions ,  and  that describe 

the process of making key decisions may be 

improved by taking other individual and 

group characteristics and the specifics of the 

task into account;

 The team formation algorithm can have a 

more complex iterative logic that takes agile 

project management methodologies into 

account;

 The case of unsuccessful project com-

pletion should be considered. With regard 

to research activity, this would mean that the 

prepared article was not accepted for publi-

cation, yet its results can be used for further 

work. In the present article, we make the 

assumption that each coauthorship leads to a 

publication. 

The authors are aware of these aspects and 

plan to conduct research in these areas.
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