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Abstract: In an increasingly competitive during the saturation of the market, as well as moments of the
downturn and economic crisis, the heads of travel companies of small and medium-sized businesses looking
for resources to improve business performance. The use of modern technologies gives a definite effect of the
business, creating a competitive advantage for a tourist company. Tourist project team formation is a difficult
problem. One should select manager suitable for each particular task in a pool while carefully weighing results
of possible interactions between team members. We discern between competence and performance. An
mathematical approach for the problem which is able to measure members' interactions influence on team
performance is proposed. In addition, new team performance measure in order to handle its non-additivity is
proposed. Competence and requirements are mapped in a tourist company skill space so that distance or
dissimilarity can be calculated. Performance is calculated for a team using proposed measure. Tasks are
assigned to managers so as to minimize complex value of team performance and average dissimilarity. Numerical
example is provided.

Key words: Mathematical approach  Market  Travel companies  Business performance

INTRODUCTION are directed on the development of inbound (foreign) and

Today the Russian market of tourist services is new tourist projects and project team formation is really
directed almost entirely on outbound tourism, major tour urgent.
operators are provided with "typical tourist products." Traditionally projects are performed through different
Even a slight customization of the tour at the request of functional departments of an enterprise. Today this
the client involves a substantial increase in the cost of the approach is no more viable since some problems can only
product. Based on these assumptions, develops and be solved by united simultaneous efforts of specialists
markets specialized software for travel agencies, including with absolutely diverse background, called
regional ones. In fact, such firms are engaged in the resale multidisciplinary team [1].
of the larger tour companies and tour operators. There are many approaches for studying such teams
Accordingly,  the travel agency software is often limited [2]. It is widely supposed that lower level mechanism of
to the paid access to the database via the Internet tour. team dynamics is based on shared mental models [3, 4].
In some cases, travel agencies have sufficient access to Communication and cohesion, which distinguishes team,
expensive reservation systems (Amadeus, etc.) or use is of higher level. The mechanisms above are radically
various free online resources (booking.com, etc.) Current different from that of functional departments. To find
trends in the tourism industry (both in Russia and abroad) suitable  employee  for  the  latter  is  rather  difficult task.

internal (domestic) tourism. That’s why the problem of
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{ }ˆ ˆa = aij â = t ,wij i j

( ) { }ie w = e = ei i j


ic j

( ) { }ir t = r = ri i j


{ }T = ti

{ }W = wi ( ) { }ˆw a = wk

â
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Team formation problem is more complex and Performance Measure: We need some measure to
important. One should take into account competence
requirements, spatial and temporal availability, budget
restrictions and cooperative effects simultaneously.
When the problem is solved properly, the time of non-
working phase of the team lifecycle is decreased.

Team formation problem is a problem of m tasks
assignment to n agents and has a long history [5-7]. It is
interesting to note researchers have started to consider
cooperative effects relatively recently. In [8] author solves
a team selection problem with the least team members'
competency overlap using Sugeno -fuzzy measure.
Called cooperative coefficient, it serves as a non-additive
capability measure. [9] tries to solve the team formation
problem considering team members typology by Belbin
[10]. The author describes a software he built which
shows what characteristics one should have to be
considered for the particular team role. [11] uses existing
social network to form a team minimizing communication
cost between members, deriving the idea probably from a
game-theoretic approach [12].

Conceptual Framework: We formulate the problem as
follows: from the project tasks list and managers list make
assignment which maximizes cooperative effect. Project
team is formed this way. Budget and temporal constraints
are out of the paper scope.

Following [7], we define the project as the list of
project tasks, with corresponding requirements vector
each. One competence vector, which belongs to the same
skill space as requirements vector, corresponds to each
manager.  Competence  vector  may  include   technical
and soft skills both. Skills can be logically grouped in
different ways to simplify management and assessment
[13, 14].

In addition one performance vector corresponds to
each manager, so that vector element is a measure of
corresponding competence realization [15]. We discern a
difference between the competence or capability and its
realization, i.e. performance [16].

Under cooperative effect we assume changes of
managers' performance when they work in a team
comparing to separate work [4, 14, 16].Team productivity
is not a sum of members productivity, it can be higher or
lower depending on team composition[17, 18]. We assume
team performance does not depend on team formation
order and team performance depends on pairwise
interactions.

evaluate  team   performance.   We   take   Sugeno  fuzzy
-measure as a base [19, 20]: , where -

algebra over a set of managers , satisfying the
conditions below:

If  and A B, then ,
If   and , then

,

If  and , then 

Sugeno fuzzy -measure is not well suited for our
purpose. Coefficient  characterizes a team in a whole, it
has nothing to do with pairwise interactions. Due to the
limitations, we need new productivity measure

 such that

There are numbers , which

characterize cooperative effects of w  and w  jointi j

work,
.

The   simplest   variant   is   a   function  like

where .

Mathematical Formulation
Notation Conventions: , where -

assignment of the manager w  to the task t ,j i

 - performance vector for the manager wi

corresponds to the competence  realization,

 - requirements vector for the task t ,i

 - set of the tasks,
- set of the managers,  - set of the

managers for the assignment set ,
- competence vector of the manager w .i
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Formulation: Elements of requirements, competence and
performance vectors are dimensionless strict numbers

. NaN is Not a Number. It denotes

this element (particular requirement, for example) is not
important. It is the “meaningless” number contrary to
other numbers.

Let the project consist of task set , each one of
the set has corresponding requirements vector

. There is set of managers , each

element of which  corresponds  to  the  competence vector
 and performance vector .

Competence vector c  and requirements vector r  belongsi j

to the same competence space.
We define a dissimilarity measure for a pair of

vectors  as Euclidean distance between the

vectors . For each pair  and

corresponding pair  one can calculate

dissimilarity measure . A set  is a final

assignment of tasks per managers. One can find a set
 of assigned managers, i.e. potential members of

the project team.
For each pair w  and w  there is a number ,i j

which characterizes influence of cooperative effects on
summary competence of  and  when working

together. So the competence realization performance of a
team , for example, equals to .

Let performance vector length be a measure of the
team total performance.

Sought for team composition thus can be found by
minimizing the average dissimilarity multiplied by inverse

team performance:  where .

Numerical Example: Below we show supposed model on
example of a part of tourism project - to organize an
excursion for International conference participants.
Assign language skills, historical knowledge and
readiness for a trip as basic competences. There are
tasks:

Table 1: Dissimilarity values
t w Dissimilarityi j

1 1 0,73
1 2 0.1A, C

1 3 0.58B

2 1 0.3B

2 2 0.2A, B

2 3 0,6
3 1 0,5
3 2 0.2B

3 3 0.1B, C

4 1 0,1
4 2 0.1A, C

4 3 0.6B

5 1 0.2B

5 2 0A, C

5 3 0,7

t  - to be a guide, requires 1

t  - to escort the group, requires 2

t  - to choose a proper route, requires 3

t  - to translate, requires 4

t  - to help with souvenir shopping, requires5

, and managers w ,w ,w  with1 2 3

competences

 and productivity vectors

Pairwise  joint      performance      is        described
by      coefficients

 so that

performance of the three possible teams
 is

g(A) = {0.2,0,0.9},
g(B) = {0.4,0,0.8},
g(C) = {0.8,0,0.3},

This particular values can be illustrated by an
imaginary configuration of a young person, who likes to
talk and walk a lot but knows nothing about history, a
middle-age knowledgeable historian woman and a young
translator. The young person and the historian are in 



t ,wi j
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discordance, while the young people lose their readiness 4. Rouse,  W., J. Cannon-Bowers and E. Salas, 1992.
for a walk when working together. Dissimilarity of pairs The role of mental models in team performance in

 is depicted in a table below. complex systems. IEEE Transactions on Systems,

For each team variant for each task we choose a
manager with minimal dissimilarity (depicted by
corresponding upper indices), then calculate average
dissimilarity: for the team A - 0.12, for the team B - 0.36, for
the team C - 0.1. After multiplying these numbers by
inverse performance (A - 0.91, B - 0.91, C - 0.83) we get
minimal Z = 0.083 for the team C. This solution seems
rather correct, remembering the imaginary people behind
the numbers.

CONCLUSION

The paper shows team formation model concerning
cooperative effect influence on the team performance.
Hypothetic numerical example was shown. Proposed
model allows to form a team taking into account member's
competences and joint performance whilst not
considering budget and temporal constraints. The model
is important for project-oriented companies, where
employees are in great rotation and pair wise performance
measurement is relatively easy to follow. Proper team
formation will probably reduce a time for the non-working
phase of the team lifecycle and increase its performance
in general.

ACKNOWLEDGMENTS

The work was supported of grant No. 12-07-00760-a
of the Russian Fundamental Research Fund 

REFERENCES

1. Huemann, M., A. Keegan and R. Turner, 2007.
Human resource management in the project-oriented
company: A review. International Journal of Project
Management, 25(3): 315-323.

2. Paris, C., E. Salas and J. Cannon-Bowers, 2000.
Teamwork in multi-person systems: a review and
analysis. Ergonomics, 43(8): 1052-1075.

3. Cooke, N.J., E. Salas, P.A. Kiekel and B. Bell, 2004.
Advances in Measuring Team Cognition. Team
cognition: Understanding the factors that drive
process and performance, E. Salas and S.M. Fiore,
Washington, DC, US: : American Psychological
Association, pp: 83-106.

Man and Cybernetics, 22(6): 1296-1308.
5. Pentico, D., 2007. Assignment problems: A golden

anniversary survey. European Journal of Operational
Research, 176(2): 774-793.

6. Hlaoittinun,  O.,  E.  Bonjour  and  M.  Dulmet,  2008.
A multidisciplinary team building method based on
competency modelling in design project
management. International Journal of Management
Science, 3(3): 163-175.

7. Eiselt, H. and V. Marianov, 2008. Cross-functional
team selection concerning members' cooperative
effects and capabilities overlap. Computers &
Operations Research, 32(2): 513-524.

8. Hsieh, P., 2009. Cross-functional team selection
concerning members' cooperative effects and
capabilities overlap. Systems Research and
Behavioral Science, 27(3). 

9. Licorish, S., A. Philpott and S. MacDonell, 2009.
Supporting agile team composition: A prototype tool
for identifying personality (In) compatibilities.
Proceedings of the 2009 ICSE Workshop on
Cooperative and Human Aspects on Software
Engineering, IEEE Computer Society, pp: 66-73.

10. Lappas,  T.,  K.  L iu and E. Terzi, 2009. Finding a
team of experts in social networks. Proceedings of
the 15th ACM SIGKDD international conference on
Knowledge  discovery  and  data  mining  KDD 09,
pp: 467.

11. Novikov, D.A., 2008. Mathematical models of team
formation and functioning. Moscow, Fizmatlit. 

12. Kravets, A.G., 2007. Theory of coordinated
management of regional labor market resources and
specialists preparation quality: essential points.
Izvestia Volgogradskogo Gosudarstvennogo
Tekhnicheskogo Universiteta, pp:  86-89. 

13. Obukhov, A.S. and A.G. Kravets, 2008. Automation
of professional competence level management of
enterprise specialists. Software Products and
Systems.

14. Kravets, A.G., A.S. Gurtjakov and A.P. Darmanian,
2013. Enterprise Intellectual Capital Management by
Social Learning Environment Implementation. World
Applied Sciences Journal, 23(7): 956-964.

15. Chomsky, N., 1965. Aspects of the Theory of Syntax.
The MIT Press. 



World Appl. Sci. J., 24 (Information Technologies in Modern Industry, Education & Society): 238-242, 2013

242

16. Williams, K. and S. Karau, 1991. Social loafing and 18. Garmendia, L., 2005. The evolution of the concept of
social compensation: The effects of expectations of fuzzy measure. Intelligent Data Mining, pp: 185-200.
co-manager performance.. Journal of Personality and 19. Ishii, K. and M. Sugeno, 1985. A model of human
Social Psychology, 61(4): 570-581. evaluation process using fuzzy measure.

17. Salas,  E.,  C.  Prince, D.P. Baker and L. Shrestha, International  Journal  of  Man-Machine    Studie,
1995. Situation Awareness in Team Performance: 22(1): 19-38.
Implications for Measurement and Training. Human
Factors: The Journal of the Human Factors and
Ergonomics Society, 37(1): 123-136.


