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Abstract
In each organization, the goal of human resource management (HRM) is to form, employ and develop human resources. 

The massive spread of Internet technologies and the globalization of the economy in the late twentieth century have allowed the 
enterprises to form a temporary partnership, and subsequently have led to the formation and expansion of virtual organizations 
(VO) by establishing these relationships over the Internet. Unquestionably, the success of VO depends on appropriate organization 
of HRM and selection, deployment, socialization, motivation and evaluation of employees and partners. In this regard, this paper 
analyzes the features of HRM in VO and proposes methods for the recruitment and assessment of the performance of virtual 
employees (contractors).

The article analyzes the specific features of HRM in VO. The issues of HRM in VT are characterized as decision-making 
in fuzzy environment. Based on the peer comparison of expert estimates for the alternatives, including on the hierarchical anal-
ysis method, detection of the contradictions in the expert estimates and multiplicative aggregation methods, a decision making 
technique is proposed for the recruitment of the employees.

Assessment of the virtual employees’ performance to achieve overall objective of the organization is formulated as a de-
cision-making process in distributed environment and appropriate decision-making methods are proposed. 

The proposed approach is a methodological framework for decision support for human resources management in virtual 
organizations. This system can support more objective and scientifically justified decision-making on presented task. It can also 
enable VO to be more "reliable" in relation to the "trust" component for the formation of VO, which is the key point for the increase 
of the effectiveness of VO.

Keywords: virtual organization, human resources management, fuzzy environment, virtual employees, decision-making 
methods in distributed environment.
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1. Introduction
The massive spread of Internet technologies and the globalization of the economy in the late 

twentieth century have allowed the enterprises to form a temporary partnership, and subsequently 
have led to the formation and expansion of virtual organizations (VO) by establishing such links 
over the Internet [1–3]. Due to the frequent change of the market requirements, separate organiza-
tions are attempting to achieve common goals by paying these requirements and involving compa-
nies-partners with necessary skills and competence. This, in turn, has created favorable condition 
for the unification of organizations and various legal and geographically independent structures in 
a new corporate virtual model. Consequently, virtual firms, virtual corporations, virtual depart-
ment, virtual groups, and virtual working spectrum have enlarged in the sphere of employment. 
The process of virtualization of organizations has changed the social-labor relations and traditional 
governance mechanisms in the labor sphere, which has led to the change of staffing functions, the 
content of labor contracts and the change of traditional institutions for information collection.

The relations between VO members usually occur through a computer network; and the 
managers coordinate and manage foreign affairs through computer network connections [4, 5]. 
From this point of view, they are flexible organizations. The flexibility entails multiple versions 
of implementation, flexible work schedule, incomplete working day, job sharing, and freelance 
work. One of the most important principles here is to respond quickly to both internal and external 
changes.
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At present, VO in the business sector is accepted as a firm that holds the external contractors 
to fulfill its core functions. In some cases, VOs are created from independent organizations that 
share resources and skills to achieve the goals.

Unquestionably, the success of VO depends on appropriate organization of human resources 
management (HRM) and selection, deployment, socialization, motivation and evaluation of em-
ployees and partners. In this regard, this paper analyzes the features of HRM in VO and proposes 
methods for the recruitment and assessment of the performance of virtual employees (contractors).

2. Features of HRM in VO
In each organization, the goal of HRM is to form, employ and develop human resources.
Formation of human resources in VO is defined by selecting and recruiting staff or partners 

to VO. It urges the following new requirements for managers and employers [6, 7]:
– involving employees or professionals who are accustomed to innovative technologies and 

ready to work in more flexible virtual business environment unlike the traditional one;
– determining the characteristics of next generation employees (shaping reserves) without 

considering geographical parameters, space and time;
– dentifying more accurate and flexible method for communication with employees;
– adopting and using new technological priorities.
The use of human resources in VO envisages the evaluation, rewarding, and motivation of 

each employee in achieving efficient production and common outcome.
The development of human resources in VO should comprise mastering new trends in the 

field of modern information technology, as well as regularly tracking and training new ideas and 
progress.

The concept of HRM is constituted by the requirements put forward to employees in VO and 
specificity of mutual relations in the course of problem solution. This concept is regarded as a set of 
mechanisms, principles, forms and methods that impact the formation, development and use of human 
resources of the organization, and the success of VO depends on their proper organization, i. e., on the 
managers. They are responsible for the management and regulation of the environment to achieve the 
expected goals [5]. Therefore, HR-Manager in VO should consider the independence and self-organiza-
tion of employees to ensure the flexibility by controlling and coordinating their performance [1].

HRM managers in VO are required to work in a flexible and innovative environment and to 
update management system through non-standard approaches and solutions with the presence of 
changing organizational issues. From this point of view, the work of VO managers can be consid-
ered innovative, which in turn promotes the development of decision support systems referring to 
intelligent technology.

The characteristics of VO may include dynamics, informal communication, multidisci-
plinary teams, uncertainty of organizational boundaries, objective-oriented, working from home, 
lack of visible organizational structure, reference to mental work of integrated employees, etc., 
which define the following specific features of HRM issues:

– incomplete and inaccurate information provided to the decision-maker about the capabili-
ties of companies, co-workers and partners included into VO and about their performance;

– establishment of relationships of VO’s operation on the basis of trust factor, and conse-
quently, dependence on the results of the operation on individual and psychological aspects;

– dependence of general corporate outcome on local results, and the latter’s inaccuracies 
and uncertainty;

– dependence of the results of VO HRM issues on quantitative and qualitative aspects, and 
the emergence of uncertainties arising from the time factor;

– uncertainty emerged in the assessment of the performance of a virtual employee or part-
ner, etc.

These aspects characterize HRM issues in VO, particularly selection and evaluation of em-
ployees as poorly structured and hard-to-formalize issues, and necessitate the use of fuzzy logic 
theory [7–10].
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3. Modeling the recruitment of the employees at VO 
To establish innovative teams, VO sets out specific and vital requirements for selected em-

ployees. The requirements include [1, 6]:
– level of intelligence determined by the analytical, abstract, and systematic thinking ability 

of the employee, “confidence in intellect” in problem solving;
– professionalism, familiarization with the work;
– responsibility and flexibility, knowledge of organizational procedures, effectively com-

municative and readiness for adaptation;
– ability to work in team and to focus individual goals on achieving overall results.
Decision-making in such environment makes it necessary to use the methods of formaliza-

tion of expert knowledge as the formalism of incomplete and inaccurate information processing.
Selection of partners is crucial for the formation of VO, however, very little attention is paid 

to the decision-making methods in solving this issue. Let’s take a brief look at the analysis of sev-
eral methods devoted to this problem.

The process of selection of partners should be viewed not as a mathematical modeling 
issue but as a matter of multi-criteria decision-making. The incompleteness and inaccuracy of 
the information possessed by the decision-maker about the capabilities and productivity of the 
partners is reflected in the uncertainty of the relationship of the first ones. The consideration 
of such uncertainty problem in the assessment confirms of the urgency of the use of hierar-
chical analysis methods (HAM) and fuzzy numbers obtained by referring to the statements’ 
comparison [11]. [9, 10] reviews the issue of selecting the partners based on such approach. 
[9] uses the value, quality, financial stability, customer service as an evaluation criteria, while 
[10] proposes a method for determining the proximity of the ideal solution based on HRM for 
a quick and objective choice of partners in solving certain projects. The proposed approach 
is solved by referring to additive aggregation [12, 13], which enables the participation of any 
alternative in the recruitment even though it (alternative) is equal to zero, and even allows 
selecting the best alternative. 

Such approach can be used to hire employees in traditional organizations, and the com-
pensation of the unsatisfied criteria can be attributed to other criteria (or employee’s training in 
organizational activities may be envisaged) [14]. However, in the VO, employees are involved in 
the implementation of a specific short-term project [2, 10, 15] for each of these requirements are to 
be satisfied, and this requires a reference to the multiplicative aggregation method for selecting the 
best alternative and ranking the alternatives.

On the other hand, it is also crucial to check whether the expert estimates are agreed upon 
in the decision-making process when referring to the comparison of the expert statements. Hence, 
in this article, the issue of selecting employees and partners at VO is reduced to the multi-criteria 
decision issue referring to the comparison of expert statements to evaluate the employees and part-
ners, and to determine HAM and the methods of detecting the contradictions in expert evaluations, 
and decision-making method is proposed by referring to multiplicative aggregation methods for 
choosing the best alternative.

4. Technique for selection of employees at VO
The technique for the selection of employees at VO is offered in the following stages:
1) formulation of problem, alternatives, criteria and goals;
2) assessment of criterion;
3) determining the importance ratios of criterion;
4) detection of contradictions in the expert statements concerning the assessment of 

criterion;
5) assessment of alternatives;
6) selection of alternative with the highest value.
HAM-based decision making process has a hierarchical structure that has elements on the 

levels, and each level has a number of crucial elements (Fig. 1):
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– upper level of the hierarchy implies the general purpose and is indicated by R;
– next level of the hierarchy implies the criteria and is indicated by 

{ }jK k , j 1, m ;= =

– lower level of the hierarchy displays all possible alternatives:

{ }iX x , i 1, n .= =

Fig. 1. Hierarchical structure of the selection of employees at VO

The decision-maker (expert) expresses his/her attitude in linguistic values that indicate the 
peer comparisons of priorities (second level – criteria, and third level – alternatives) for each level. 
Comparison of the second level of priorities (criteria) defines the weight value of the criteria jw , 
j 1, m,=  and the comparison of the third level of priority (alternatives) defines their fuzzy values 

k j ir (x ),  i 1, n,=  j 1, m.=  These values represent the priority of the alternative xi for criteria kj. The 
common purpose values of the alternatives are determined by referring to multiplicative aggrega-
tion based on the following formula [13, 16]:

j

k j
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R r (x ) .
=
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Here, iR ,  i 1, n=  is a fuzzy number used for the ranking and selection of the alternatives 
and expresses the priority of each alternative for a common purpose.

The main issue when using HAM is a peer comparison of the priorities at the same level and 
finding a relative importance factor in relation to each other. Decision-making is carried out in the 
following stages and solved by selecting the best alternative:

– obtaining the statements of the peer comparison of the criteria and establishing peer com-
parison tables by referring to [11], and determining relative importance ratios jw , j 1, m;=

– detection of contradictions in expert statements;
– peer comparison of the alternatives for each criterion, formation of comparison tables;
– calculation of the priority ratios iR ,  i 1, n=  of the alternatives based on the formula (1).
– selecting the alternative with the highest value: making decision on selecting a partner and 

{ }*
iR max R , i 1, n .= =

To find the importance ratios of the priorities on the basis of their peer comparisons, 9-grade 
Saaty schedule is used [11] (Table 1).

If the number of indicators is equal to m, the relationship matrix is set knowing the relations 
of number m 1-  implying their peer comparison, and the matrix has the features of diagonally  
( jjK 1,=  j 1,m= ), symmetry 1

tj jtK K -= ) and transitivity ( tg gj tjK K K⋅ = ). Importance ratios of the 
matrix-based criteria are based on the following formula [11]:

1
m m m

t tj tj
j 1 t 1 j 1

w k k .

-

= = =

 
= ×  

 
∑ ∑∑

R

... 

x1

k1 k1 km

x2 xn... 



Original Research Article:
full paper

(2018), «EUREKA: Physics and Engineering»
Number 3

7

Computer Sciences

Table 1
9-scale Saaty table of relative priority degrees of criteria

Value Linguistic expression

1 Criteria K1does not exceed the criteriaK2

3 Criteria K1fairly exceeds the criteriaK2

5 Criteria K1noticeablyexceeds the criteriaK2

7 Criteria K1significantly exceeds the criteriaK2

9 Criteria K1exceeds the criteriaK2several times

2, 4, 6, 8 intermediate ideas among listed degrees

The maximum specific value of the matrix maxλ  is calculated based on for verifying that the 
expert statement is agreed upon the peer comparison of the priorities. For this purpose, it is referred 
to the method of rough estimation of consistency, and the matrix of comparisons is multiplied to 
the relative importance ratios of criteria [11]. A further vector is obtained through dividing the first 
component of the new matrix by the importance of the first criterion, and the second component 
by the importance of the second criterion, and so forth. λmax (maximum or head-specific value) is 
obtained by dividing the sum of the components by the number of the components of this vector. 
The closer the value of λmax to n, the more agreed the result is. The deviation from the Consistency 
index (CI) of the agreement is designated by the formula below as follows:

( )maxCI m / (m 1).= λ - - .

Diving consistency index of the matrix by the appropriate Random Consistency (RC) limit 
allows the assignment of Consistency Relation (CR):

CR CI / RC.=

According to [11] random consistency RС=0.58 for matrix m=3; RС=0.90 for m=4; RС=1.12 
for m=5; RС=1.24 for m=6, and so forth.

When CR 0,1≤ , consistency limit is considered to be acceptable, otherwise, the expert 
assessment is required to be reviewed again.

Based on the proposed approach, in [7], selection of virtual employees is realized, and the 
followings are accepted as the selection criteria: k1 – denotes the level of intelligence, k2 –profession-
alism, k3 – responsibility, k4 – team work ability.

5. Use and assessment of human resources in VO
Performance of VO’s staff is “short-term”, and therefore, the lack of mechanisms to measure 

each employee’s contribution to the achievement of the overall objective and to stimulate “short-
term” activities is one of the key issues to be solved in VO [5, 6].

The use of human resources in VO is accompanied by a variety of goals. Since VO is a 
temporary organization consisting of different employees (groups, companies) performing inde-
pendent functions and different objectives for problem solution, unsurprisingly their interests in 
achieving a common goal will be different, and assessing the outcome of each employee’s perfor-
mance is topical.

Assessment of the performance of virtual groups (or corporations) in VO depends on the 
nature of their work. Thus, assessment of the work of virtual groups performing the same function 
can be essentially characterized as the assessment of the objects that are categorized by the same 
criteria and functioning in a fragmented environment. If virtual groups perform different func-
tions, their activities can be characterized as the assessment of the objects that are categorized by 
the same criteria and functioning in a fragmented environment.
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Abovementioned determine the dependence of the overall corporate outcome on the lo-
cal results and the latter’s inaccuracy and uncertainty. From this point of view, the evaluation of 
employees in VO includes the following aspects as a matter of decision-making in a distributed 
environment [17, 18]:

1) multitude, contradiction and incompleteness of knowledge and data about the object (em-
ployee’s performance);

2) information necessary for the mathematical description of the object (employee’s perfor-
mance) in the form of individual knowledge of the specialist-experts, and the lack of qualitative 
character of this information, and therefore the high complexity of the formalization of the object’s 
description;

3) non-homogeneity of information about the object (expert assessment, functional interde-
pendence of parameters, etc.);

4) importance of taking into account the distributed knowledge about the object in terms of 
both geographical and functional distribution;

5) excessive number of factors describing the object, complexity resulting from the their 
restricted variation boundaries.

Hence, VO is characterized as a system of fragmented subsystems, i. e., VO consists of sev-
eral groups of identically organized network nodes. Each of these groups has individual objective, 
however does not have sufficient information and resources to solve the common problem [17, 18]. 
The process of decision-making based on subsystems is implemented by stages and sections. One 
of the main criteria for structuring the process of decision-making is to describe it as separate deci-
sions on fragments (local decisions). In this case, the final decision is made based on the analysis of 
individual decisions. For a number of situations, the principle of superposition for a final decision 
is ensured. According to this principle, if the decision-making process is split up into a number of 
sub-processes on the fragments, then the best decision will be found within the best decisions found 
on the fragments. However, this principle is not always ensured for all fragmented cases.

Depending on the nature of the function performed by the virtual groups, three types of 
distribution are distinguished:

1) virtual groups are performing the same functions - horizontal distribution;
2) virtual groups are performing the functions of different characteristics – vertical 

distribution;
3) virtual groups are performing the functions of blended characteristic – blended distribution.
The physical fragmentation of the necessary information depends on the criteria that char-

acterize the alternatives (employees) and the relations with the sub-criteria. Thus, the assessment 
of employees’ performance in VO consisting of subsystems is solved by reducing the task to the 
decision making task in a distributed environment.

6. Assessment methods of employees’ performance in VO
Using the fuzzy logic apparatus, the methods are offered for decision-making in a distribut-

ed environment for the assessment of employees’ performance in accordance with their horizontal 
and vertical distribution in VO and a fuzzy relay model is used for this purpose [17, 18]. According 
to fuzzy relational model of representation of knowledge, if { }iX x , i 1, n= =  – a set of alternatives  
 
which are subject to an estimation and ranging, and { }jK k , j 1, m= =  – a set of criteria character-
izing these alternatives then degree of satisfaction of alternative хi to criterion kj is represented by 
membership function [ ]

jk i(x ) 0,1φ → : [ ]
jk i(x ) : X K 0,1φ × → .

Decision-making methods in distributed environments. The following conditions in hori-
zontal distribution of Virtual Groups are ensured:

G

ig
g 1

X X ,
=

=∪

where X – a set of alternatives, Xig – alternatives in the g-th fragment (sub-system) and ig ijX X∩ =Ø and 
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g j g jK K K K K∩ = = =  

for ∀g¹j.
That is, the alternatives distributed by fragments are characterized by the same criteria  

[6, 7]. Criteria have a hierarchical structure and different weight coefficients, i. e.:

{ }mK K , m 1,M ,= =  

w1, w2, …, wT – the relative importance ratios of criteria mK , m 1,M= .

{ }m mtK k , t 1,T= =  

and wm1, wm2, …, wmT – the relative importance ratios of sub-criteria characterizing the criterion Km.
Assume that, in each fragment, the membership function of sub-criteria is known: 

( ) ( ) ( ){ } ( ){ }m1 m2 mT mtk ig k ig k ig k igx , x , ... , x x , t 1,T .φ φ φ = φ =

Decision making process is performed on the following steps:
1. The membership function of alternatives to the criterion Km in each fragment is defined:

( ) ( )m mt

T

K ig mt k ig
t 1

x w x .
=

φ = φ∑

2. The membership function of alternatives to the generalized criterion K in each fragment 
is defined:

( ) ( )
M

K ig m Km ig
m 1

x w x .
=

φ = φ∑

3. The maximum of alternatives by fragments is selected:

( ) ( ){ }K igx * max x , g 1, G, i 1,N .φ = φ = =

The alternative with the maximum value is the final decision on horizontally distributed 
virtual groups, and it is found out of set of decisions with the maximum values on fragments, i. e., 

{ }*
igx x ,g 1,G .∗∈ =

The following conditions are ensured for vertical distribution of virtual groups:

M

m
m 1

K K ,
=

=∪

where K consists of a set of criteria 

{ }mK K , m 1,M= =

with different importance degree, and M – the number of fragments (groups). 

{ }m mtK k , t 1,T= =  

is a set of sub-criteria with different importance degree in each fragment, and wm1, wm2, …, wmT are 
the relative importance factors of sub-criteria.
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In this case, the following conditions are ensured: 

mg mjK K∩ = Ø and g j g jX X X X X∩ = = =  

for ∀g¹j.
That is, the same alternatives for vertically distributed VO by fragments are characterized 

and evaluated by different criteria [6, 7]. Let’s assume that membership function of the alternative 
xi to the sub-criteria in the m-th fragment is known: 

( ) ( ) ( ){ } ( ){ }m1 m2 mT mtk i k i k i k ix , x , ... , x x , t 1,T .φ φ φ = φ =

The final decision on the employees’ performance in the vertically fragmented VO is made 
as follows:

1. The membership function of alternatives to the criterion Km in each fragment is defined:

( ) ( )
m

T

K i mt mt i
t 1

x w x .
=

φ = φ∑

2. The membership function of alternatives to the generalized criterion is defined:

( ) ( )
m

M

K i m K i
m 1

x w x .
=

φ = φ∑
3. The alternative with the maximum value for the membership function to the generalized 

criterion K is chosen:

( ){ }*
K K i(x ) max x ,i 1,N .φ = φ =

Selected alternative with the maximum value is corresponding to the final decision on the ver-
tical fragments, and this decision may not be from the best decisions, i. e., from the set of fragments

( ) ( ){ }*
Km Km ix max x ,i 1,N .φ = φ =

In an environment where the VO is distributed by blended (both horizontally and vertically) 
fragments, the decision-making process can be accomplished by referencing to decision-making 
methods in a vertical distribution environment.

7. Conclusion 
In VOs, employees are distributed by their locations and there are problems with estab-

lishing the contact with them. Moreover, the time of establishing relations, selection of the work-
ing language and diversity of cultures are challenging. The proposed approach to the recruitment 
and assessment of employees’ performance in VO provides scientifically substantiated objective 
decisions and the evaluation (and ranking) of alternatives not only for the final result, but also 
for each criteria and sub-criteria. Building decision support system based on this methodological 
approach will also enable building the “data bank” about virtual employees (partners). This, in 
turn, can be further used as a valuable source for re-recruiting (or not recruiting) the relevant 
employees to building the innovate groups. It creates favorable condition for more reliable rela-
tionship rather than the initial relationships established with the employees based on the “trust” 
component.
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