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1. Introduction 

The transformation of higher education in recent years 
has led to the intellectualization and development of sci-
entific, academic, and teaching staff (ATS) in accordance 
with the best world trends. On the one hand, this leads to 

an improvement in the quality of higher education and, as a 
result, the mobility of students of higher education. On the 
other hand, this causes an increase in staff turnover, because 
the ATS with the competencies that meet the demands of the 
global labor market, as a rule, are not “linked” to a certain 
higher education institution (HEI)”.
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A method for calculation of coefficients 
of the impact of factors on the need for 
specialists of the highest qualification was 
proposed. The method is based on expert 
evaluation methods, in particular, on deter-
mining the importance, degree of realiza-
tion, and tendency of factors that affect the 
need for highly qualified specialists. The 
method implements the unit of data reliabil-
ity verification based on the Kendall coeffi-
cient of concordance and Pearson criterion. 
The method applies an original approach 
to determining the competence of experts, 
in particular, by taking into consideration 
self-evaluation, mutual evaluation, and 
objective evaluation. The proposed method 
makes it possible to take into account the 
influence of factors on the need for special-
ists of the highest qualification with the pos-
sibility of forecasting.

The totality of factors that influence the 
need for specialists of the highest qualifica-
tion and the magnitude of their impact was 
determined. They were determined by cal-
culating the indicators of each of the criteria 
regarding importance, realization, and ten-
dency. Determining was carried out using 
the algorithm for calculating the coefficients 
of influence of the factors on the need for 
specialists of the highest qualification.

In general, the following groups of fac-
tors were determined: conditions of scien-
tific and scientific-pedagogical activity at 
a certain institution of higher education, 
the attractiveness of scientific and scientif-
ic-pedagogical activity in a certain coun-
try (region), development of industry (spe-
ciality). A group of 30 experts was selected 
to determine the numerical values of the 
factors, which satisfies the condition for 
achieving a confidence probability of 0.94.

The results of the evaluation of expert 
judgments revealed that the most influen-
tial factors are: social protection (0.87), 
budget for higher education (0.99), remu-
neration (0.9), and prestige of scientific 
and pedagogical activities (0.91). The least 
influential are: the number of primary posi-
tions in the area (0.48) and self-realization 
opportunities at a higher education institu-
tion (0.58)
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Thus, the need to respond to an increase in staff turnover 
exists in the vast majority of the HEIs in different countries 
of the world. Moreover, this applies to the countries with 
different economic development, culture, attitude to high-
er education, for example, such problems exist in the UK, 
Malaysia, Thailand, South Africa, Ukraine, and some other 
countries.

The main reasons for an increase in staff turnover are 
different views on the professional activities of students, 
teachers, and employers [1], a change in the influence of eth-
ical leadership in higher education [2]. 

Moreover, it is necessary to take into consideration 
the regional features and specific features of certain HEIS 
regarding staff turnover [3], as well as the economic com-
ponent [4]. 

No less important for staff turnover are personnel policy 
both in the country and at the certain HEI [5] and so-
cio-psychological factors [6].

It is possible to overcome the problem of the ATS turn-
over by improving the conditions of scientific and teaching 
activities, increasing the amount of training at the third level 
of higher education (Doctors of Philosophy), or combining 
these approaches. One of the main scientific problems that 
arises in the implementation of these approaches is the dif-
ficulty of predicting the need for the number of specialists 
with higher qualifications to meet the internal needs of high-
er education institutions. This problem is caused by the lack 
of an effective scientific and methodological apparatus to 
determine the predicted need for highly qualified specialists 
taking into consideration regional, sectoral characteristics 
and the specific features of higher education institutions.

The absence of this apparatus is due to the complexity of 
formalization and determining of the factors that affect the 
shortage of the ATS at the HEI after a certain time. Given 
the period of preparation at the third educational and scien-
tific level of higher education, which is 4 years, forecasting 
gets significantly complicated.

The consequences of unsuccessful forecasting of this 
need may be the oversized budget for training highly quali-
fied specialists in the event that the training of an excessive 
number of postgraduate students is planned. Otherwise, it is 
possible to decrease the quality of higher education due to 
the lack of a sufficient number of highly qualified specialists 
to fill vacant positions of the ATS. Moreover, in the second 
case, it is also possible to exceed the budget funds of the HEI 
due to the need to find and hire these specialists in the labor 
market. Indeed, in this case, it is necessary to create condi-
tions of activity more attractive than in other HEI, which 
requires significant budget expenditures.

To find a solution to this problem in the practical plane 
is a significant challenge to the organizational and func-
tional structures of the HEI. After all, the processes of the 
HEI management may change depending on a large number 
of both internal and external factors. Both the structure 
and the functions of separate components of the HEI may 
change. That is why the existence of a scientific and meth-
odological apparatus to determine the predicted need for 
specialists of the highest qualification is an urgent need.

In general, the essence of the scientific problem lies in 
the difficulty of determining the totality of the factors that 
affect the need for specialists of the highest qualification, 
the formalization of these factors through indicators, and 
determining the tendencies of these indicators. In other 
words, factors over time can change and are likely to change. 

Moreover, these changes are difficult to formalize into cer-
tain functional dependences.

Thus, under today’s conditions, which require an in-
crease in the mobility of highly qualified specialists, staff 
turnover increases significantly. Accordingly, the study of 
the factors that influence this turnover becomes relevant. 

In practice, the research into the factors that affect the 
turnover of specialists of the highest qualification will make 
it possible to reasonably predict the need for such specialists.

2. Literature review and problem statement

Paper [7] examines the links between the formation 
(orientation) and retention of academic staff. Thirty teachers 
from five higher educational institutions of Great Britain 
were studied. It was proposed to change the policy and 
practice of staff formation. However, sectoral and regional 
factors that affect staff turnover were not considered.

Study [8] analyzed the staff turnover at several higher 
education institutions. The explored characteristics of the 
staff included age, gender, staff type, and contractual status. 
It was found that there are differences in staff turnover de-
pending on age, gender, and contract type. It was found that 
younger staff are more likely to look for a job elsewhere but 
may stay if there are opportunities for career growth and 
development.

Practical processes for the improvement of the consider-
ation of factors that affect staff turnover were proposed. In 
particular, the need for a detailed analysis of the dynamics 
of staff turnover was substantiated to determine where the 
policy and practice of hiring and retaining personnel need 
to be concentrated. However, the study did not address the 
issues of the relation of the staff turnover and staff training 
at the postgraduate department.

Paper [9] analyzed the turnover of full-time employees 
at one of the UK universities in the period after 1992 with 
a sample of more than 2,000 employees. It revealed local-
ized high indicators of turnover rate related in particular 
to researchers. The approach and conclusions on personnel 
management at higher education institutions were proposed. 
However, the article did not take into consideration the sec-
toral context of staff turnover.

Study [10] analyzed the factors influencing the work 
efficiency and the involvement of the members of both aca-
demic and non-academic staff in higher education institutions 
in Malaysia. The method of expert evaluation was used, in 
particular, through surveys. 200 respondents of several HEIs 
took part in the survey. It was found that career development, 
employees’ involvement, and the work-life balance have a 
significant relationship with the staff retention and outcomes 
of work. However, this does not make it possible to determine 
the quantitative impact of factors on staff turnover.

Study [11] revealed the relationship between job satis-
faction and employees’ involvement. The model of job satis-
faction and the involvement of the staff at higher education 
institutions in Thailand was created. The research was based 
on the methods of expert evaluation and factor analysis. A 
positive correlation between job satisfaction and employees’ 
involvement and the quality of higher education was detect-
ed. The findings of this study are useful to enhance the level 
of job satisfaction and employees’ engagement. However, the 
study did not consider the application of the proposed meth-
odology and the model in various areas of higher education.
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Paper [12] presented the results of the research into the 
organizational climate in a South African higher education 
institution and identified the prospects for the development 
of personnel management at higher education institutions. 
It was found that the decision to quit the job at a university 
is made by employees based on the compliance between 
the job requirements and compensation. The study offered 
practical recommendations to reduce the staff turnover, 
ensure productivity and efficiency of their work. However, 
the article does not consider the impact of staff turnover on 
the number of postgraduate students at HEIs.

Paper [13] deals with studying the relationship be-
tween the promotion of specialists of the highest qualifi-
cation and their intentions to change the institution (to 
increase turnover) in Pakistan educational institutions. 
The method of expert evaluation was applied. To collect 
data, 502 respondents completed questionnaires. The 
results showed a negative link between promotion and in-
tention to change institutions and a weak correlation be-
tween promotion and analytical indicators. However, the 
article took into consideration only the specific features 
of staff turnover for the Pakistani province of Khyber 
Pakhtun Khwa. The sectoral factors were not taken into 
consideration either.

Thus, existing studies on the problem of the turnover 
of the staff of higher qualification do not take into con-
sideration the relationship with the issues of planning the 
number of postgraduate students. In addition, the existing 
studies did not take into account the totality of contexts 
(regional, sectoral, internal (HEIs)), nor did they substan-
tiate the ways of quantitative influence of factors.

3. The aim and objectives of the study

The purpose of the study is to improve the procedure for 
determining the factors that affect the need of higher educa-
tion institutions for specialists of the highest qualification, 
taking into consideration regional, sectoral characteristics 
and specific features of higher education institutions. This 
will allow making well-grounded decisions on determining 
the need for a number of postgraduate students.

To achieve the aim, the following tasks were set:
– to devise a method for calculating the coefficients of 

influence of factors on the need for specialists of the highest 
qualification;   

– to determine the totality of factors that affect the need 
for highly qualified specialists and the magnitude of their 
impact.

4. The study materials and methods

The object of this study is the factors that affect the need 
of higher education institutions for specialists of the highest 
qualification. 

The main hypothesis is that the factors that influence the 
need for highly qualified specialists are of regional, sectoral, 
and internal (regarding higher education) character and 
should take into consideration the importance, realization, 
and the tendency of development.

The accepted assumption is that the totality of experts 
selected for the study is competent in the formation of the 
need for specialists of the highest qualification.

The accepted simplification is that the research was 
carried out within educational area 25 for the conditions of 
functioning of higher education institutions in Ukraine. 

Microsoft Excel 2010 (Microsoft, USA) was used for 
calculations.

To determine the importance of the factors that influ-
ence the predicted need for specialists of the highest qualifi-
cation, the expert evaluation method was used, in particular, 
the simultaneous factor ranking method.  

The essence of the expert evaluation method is to deter-
mine the generalized value of expert judgments by analyzing 
and processing the judgments of separate experts who be-
long to the group [14‒16].

Ranking of information about experts makes it possible 
to determine the normalized coefficients of the importance 
of experts’ judgments. The essence of such ranking is the 
assessment by an expert of the level of his competence, 
other experts of the group, and objective data about the 
expert. This approach ensures an impartial determination 
of the expert’s competence and significantly reduces errors 
of judgment.

In general, the approach to determining the relative com-
petence of experts during the aggregation of pairwise com-
parisons meets the improved approach proposed in [17, 18]. 
Thus, the basic components of the coefficient of relative 
competence of a member of expert group С is self-evalua-
tion Сself, mutual evaluation Сmutual, and objective compo-
nent Сobjective. The general expression is: С=Сself(Х1Сmutual+ 
+Х2Сobjective), where Х1 and Х2 are relative weights of objec-
tive and mutual evaluation of competence of the members of 
the expert group [17, 18]. In this case, mutual evaluation is 
determined as the indirect value of the judgments of all ex-
perts Сmutual. The parameter of objective component Сobjective 
is determined as the normalized value of such indicators as 
education, professional experience, etc.

It should also be noted that the “snowball” approach was 
applied when selecting experts. The essence of the approach 
is that the experts are included in the list of experts on the 
recommendation of the experts who were already includ-
ed [18]. This suggests that weight coefficients Х1 and Х2 will 
have the same value – 0.5.

Subsequently, according to the essence of the method, 
experts determine the degree of influence of a certain factor 
on the research subject. Moreover, the least important factor 
corresponds to numerical designation 10, and the most im-
portant one corresponds to numerical designation 1.

To prevent the influence of the order of factors placement 
on the judgment of experts, they are placed randomly, and 
experts are warned about it.

The results of expert judgments are entered in the ta-
ble (Table 1). In this case, the results of the expert’s judgments 
are normalized [19‒21] to save the sum of all values (1).

( )( ) ,1 / 2
,j i

i

I I m
N

k

+ −
= ∑

     (1)

where Ni is the magnitude of the rank value;
I is the number of factors;
mj,р is the magnitude of the rank value that is different 

from the similar ones;
k is the number of matches of rank values. 
To determine the consistency of experts’ opinions, the 

method for determining the Kendall concordance coeffi-
cient [22, 23] (2) was used in the research.
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where S is the sum of squares of deviation of the sum of rank 
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where n is the number of experts;
а is the coefficient that is determined from the formula: 

а=(n(I+1))/2.
It is proposed to evaluate the statistical significance of 

coefficient W by checking statistical hypotheses: H0:W=0; 
H1:W≠0 [24–26]. 

Table	1	

Results	of	expert	judgments	on	factors’	ranking
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When proving basic hypothesis H0, it will be recognized 

that the opinions of experts are not consistent. When reject-
ing this hypothesis, we will accept alternative hypothesis H1, 
indicating the consistency of opinions.

It is proposed to select Pearson’s chi-squared test (χ2) as 
the criterion for verification of hypothesis H0 [26–28].

( )2 1 .n I Wχ = −     (4)

It is necessary to compare the calculated χ2 with the tab-
ular value at the selected level of significance α and the num-
ber of degrees of freedom β=I−1. Hypothesis H0 is rejected, 
and therefore the consistency in the opinions of experts is 
recognized when the condition that 2 2

tablχ ≥ χ  is met [26‒28].

5. Results of improving the procedure for determining 
the factors that affect the need of higher education 

institutions for specialists of the highest qualification 

5. 1. Devising a method for calculating the coeffi-
cients of influence of factors on the need for specialists 
of the highest qualification

The essence of the method is to determine the mag-
nitude of the influence of certain factors on the need for 
specialists of the highest qualification by determining the 
indicators of importance, realization, and tendency of each 
factor by a group of experts. Moreover, the competence of 
each expert is determined taking into consideration the 
indicators of self-, mutual, and objective evaluation. 

It is proposed to represent the method by developing an 
algorithm for calculating the coefficients of influence of fac-
tors on the need for specialists of the highest qualification.

To develop an algorithm, it is necessary to determine 
the main stages of the study. In general, the following list of 
stages is proposed. At the first stage, it is necessary to de-
termine the main groups of factors that affect the turnover 

of highly qualified specialists in higher education institu-
tions. At the second stage, it is necessary to decompose these 
groups into the lower-level factors of the hierarchy. Next, it 
is necessary to select a group of experts and determine the 
level of their competence. At the next stage, it is proposed to 
determine the importance of these factors in these groups. 
Next, it is necessary to determine the degree of implemen-
tation of these factors at the moment. At another stage, it is 
proposed to determine the tendencies in the development of 
the influence of these factors on staff turnover. Subsequent-
ly, it is necessary to check the adequacy of the proposed 
approach and the reliability of the results.

In general, the algorithm of formalization of the factors 
that affect the formation of the need for specialists of the 
highest qualification is shown in the flowchart (Fig. 1).

For further application of calculations, it is proposed to 
clarify the general algorithm (Fig. 1), in particular, taking 
into consideration the calculation dependences (Fig. 2).

The first step of this algorithm is to determine the factors 
that influence the need for specialists of the highest qualifi-
cation in higher education institutions. They are determined 
by analyzing existing studies in this area, reports of activi-
ties, and the HEI staff. Moreover, the main groups of factors 
are selected, and then they are decomposed into the factors 
of the lower level of the hierarchy.

The next group of steps is related to the selection of 
experts and determining their competence. According to 
the method proposed in the paper, it is advisable to select 
experts by the “snowball” method [29], which will ensure 
the appropriate level of competence of experts at the initial 
stage. This makes it possible to reduce the group of experts 
without losing the adequacy of results.

In general, this group includes steps to determine the co-
efficients of mutual evaluation, self-evaluation, and objective 
evaluation of experts, as well as the resulting determining of 
the expert’s competence.

Fig.	1.	Generalized	flow-chart	of	the	algorithm	for	the	
formalization	of	factors	that	affect	the	formation	of	the	need	

for	specialists	of	the	highest	qualification
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It is proposed to determine the coefficient of mutual 
evaluation of an expert by the generalization of subjective 
values of judgments of other experts regarding the com-
petence of a certain expert. In this case, the judgments of 
experts can be in the range from 0.1 to 1.0, where 0.1 is the 
expert who is not competent at all, and 1.0 is the expert who 
is the most competent [29]. Such generalization is proposed 
to be carried out according to the formula:

1
, ,

n

ij
j

mutual i

C

C
n

==
∑

     (5)

where Cij is the expert’s judgments on the level of compe-
tence of a certain expert; n is the number of experts.

Self-evaluation is carried out in accordance with the 
subjective judgment of each expert regarding his competence 
in the issues under consideration. In this case, the level of 
competence of an expert can be in the range from 0.1 to 1.0, 
where 0.1 is the expert who is not competent at all, and 1.0 is 
the expert who is most competent [29].

Objective evaluation is carried out by summarizing ob-
jective facts confirming the competence of an expert. Such 
facts, within the framework of the study, include the level 
of education, the experience of professional activity in the 
area, the experience of scientific and scientific-pedagogical 

(SaSP) activities. Generalization is carried 
out using the formula:

,
3

d p t
objektive

C C C
C

+ +
=   (6)

where Cd is the coefficient that reflects the 
education level (determined in accordance 
with Table 2);

Cp coefficient reflects the experience of 
professional activity in the area (determined 
in accordance with 2);

Ct coefficient reflects the experience of 
the SaSP activity (determined in accordance 
with Table 2). 

The general competence of an expert is 
determined taking into consideration the rela-
tive weight of objective and mutual evaluation 
of the competence of the expert group mem-
bers (Х1 and Х2) [18]. Taking into account 
the chosen method of experts’ selection, these 
coefficients acquire the value of 0.5 [18]. Thus, 
the general calculation dependence will be as 
follows:

( )1 2 .self mutual objectiveС С X С X С= +   (7)

The general competence of an expert is 
calculated from the calculation dependence (1). 

To summarize the data and determine the 
competence of an expert, it is proposed to use 
software, in particular the capabilities of the 
Excel 2010 office program. In the specified 
software, the created table for summarizing 
the data and calculating the competence is 
shown in Table 3.

Table	2	

Table	of	determining	the	components	of	objective	
assessment	of	experts’	competence

Coef-
ficient 
value

Education level Experience of activity, year

Basic
Quali-

fication 
upgrading

profes-
sional 

activity

Scientific and scien-
tific and pedagogi-

cal activity

0.1
second-

ary

absent up to 2 up to 1

0.2 1 year up to 4 up to 2

0.3 ≥2 year up to 6 up to 3

0.4
profes-
sional

absent up to 8 up to 4

0.5 1 year up to 10 up to 5

0.6 ≥2 year up to 12 up to 6

0.7

higher

absent up to 14 up to 7

0.8 1 year up to 16 up to 8

0.9 ≥2 years up to 18 up to 9

1 scientific degree ≥20 ≥10

The next step is to conduct a survey and determine coeffi-
cients of influences of certain factors. To do this, it is proposed 
to indicate in the questionnaires in relation to each factor its 
importance, degree of realization, and tendencies. Regarding 
these indicators, it should be clarified that the importance 
is an indicator that characterizes the advantage of a certain 
factor over others in relation to the impact on the research 

Fig.	2.	Algorithm	for	calculating	coefficients	of	influence	of	factors	on	the	
need	for	specialists	of	the	highest	qualification
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subject. As for the degree of fac-
tor realization, it is necessary to 
indicate how much this factor 
is implemented because the de-
gree of realization of a certain 
factor significantly affects the 
research subject. Regarding the 
tendency of the factor develop-
ment, given that these data are 
needed for forecasting, it is nec-
essary to indicate if this factor will develop or lose influence on 
the research subject. Such surveys are proposed to be conduct-
ed in relation to each group of factors. In addition, to determine 
the need for specialists in certain specialities, it is advisable to 
conduct a survey on those specialties that are at the HEI.

It is proposed to calculate the resulting value of the fac-
tor rank from calculation dependence (1) and verify results 
according to (2) to (4). To determine the factor importance:

1 ,
100

n

i
i

m

V
V

n
==
∑

     (8)

where Vm is the expert’s judgment on the level of importance 
of the first factor, m is the ordinal index of the factor.

To determine the resulting value of the degree of realiza-
tion of a certain factor, it is proposed:

1 ,
100

n

i
i

m

p
p

n
==
∑

     (9)

where pm is the judgment of an expert on the degree of imple-
mentation of a certain factor.

To determine the resulting value of the tendency of influ-
ence of a certain factor, it is proposed: 

1 ,
100

n

i
i

m

E
E

n
==
∑

     (10)

where Em is the expert’s judgment on the level of realization 
of a certain factor.  

In this case, it is necessary to take into account that Em 
can acquire the value of 1.2 in case of a significant increase in 
the factor influence; 1.1 – increase; 1 – without changes; 0.9 – 
decrease in influence; 0.8 – a significant decrease in influence. 

It is proposed to determine the resulting coefficient of 
the influence of a certain factor as follows:

1 .

n

i m m m
i

m

C V p E
K

n
==
∑

     (11)

The next totality of steps includes checking the consis-
tency of experts’ opinions. According to the chosen method, 
the method for determining the Kendall concordance co-
efficient (2) and determining the compliance with Pearson 
criterion (4) [22, 28] were used in the research. In the case 
when the coefficient does not match the value of the Pearson 
criterion, the judgments of experts are reviewed, and peak 
values are excluded. If this did not affect the compliance of 
the concordance coefficient with the criterion, it is necessary 
to choose the new members of the expert group.

Thus, the proposed algorithm allows calculating the 
coefficients of influence of factors on the need for specialists 
of the highest qualification, taking into consideration the 
importance, realization, and tendencies of each factor that 
was chosen. In addition, this algorithm allows determining 
the consistency of experts’ opinions, which increases the 
reliability and accuracy of the obtained data.

In general, this method makes it possible to determine 
reasonably the magnitude of the influence of certain factors 
on the need for specialists of the highest qualification for 
further forecasting of the number of students of higher edu-
cation at the third educational and scientific level.

5. 2. Determining the totality of factors that influence 
the need for specialists of the highest qualification and 
the magnitude of their influence

It is proposed to determine the main group of factors that 
affect the turnover of highly qualified specialists in higher 
education institutions by analyzing the research into this 
problem. Moreover, it is necessary to take into consideration 
both the regional and the sectoral context.

Thus, it was found that the conditions of the SaSP 
activities in a certain higher education institution, at-
tractiveness of the SаSP activities in a particular country, 
the development of the area (speciality) have the greatest 
influence on the turnover of specialists of the highest qual-
ification at higher education institutions [30, 31].

In general, there are much more groups of factors, but 
it should be noted that all of them have an indirect effect 
on staff turnover, or depend significantly on unpredict-
able (poorly predicted) processes (phenomena). More-
over, it is the identified groups of factors that directly 
affect the turnover of highly qualified specialists in higher 
education institutions and may include factors that will 
reflect the full range of main influences on this process. 
Therefore, it is proposed to consider just this totality of 
groups of factors.

It is proposed to decompose these groups of factors into 
the factors of the lower level of the hierarchy based on the 
essence composition of these groups. Thus, the conditions 
of the SaSP activities at a certain HEI can be divided into 
social security, remuneration, the prestige of the SaSP ac-
tivities, opportunities for self-realization.

The attractiveness of the SaSP activities in a particular 
country can be divided into the prestige of the SaSP activ-
ities, social security, development of higher education in a 
particular country (region). 

The group of factors related to the development of the 
area (speciality) includes the number of specialists in a par-
ticular area, the budget for higher education, the number of 
primary positions in a certain speciality.  

Graphical reflection of the influence of the factors that 
affect the need for specialists of the highest qualification is 
shown in Fig. 3.

Table	3		

Generalized	table	for	determining	the	competence	of	experts

Expert
Self-evalu-

ation
Mutual evaluation Objective evaluation Expert’s 

competence1 2 … n Σ education experience S and SP Σ
1 Cself1 C11 C12 … C1n Cmutual1 Cd1 Cp1 Ct1 Cobjective1 C1

2 Cself2 C21 C22 … C2n Cmutual2 Cd2 Cp2 Ct2 Cobjective2 C2

… … … … … … … … … … … …

n Cself,n Cn1 Cn2 … Cnn Cmutual,n Cdn Cpn Ctn Cobjective,n Cn
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This way of determining gives a general idea of those 
factors that affect the need for specialists of the highest qual-
ification. However, it should be noted that they all affect the 
research subject with different magnitudes. Moreover, some 
of these factors may only seem important, but in fact, only 
indirectly influence the studied need.

That is why to determine the magnitude of the influence 
of each of the factors, it is proposed to use the algorithm for 
calculating the coefficients of influence of factors on the 
need for specialists of the highest qualification.

To determine the number of experts for the survey, it is 
proposed to apply the well-known inequality in determining 
the confidence probability [32].

1
,

1confidence

n
P

n
−

≤
+

   (12)

Based on this inequality, the involvement of 30 experts 
will satisfy the condition Pconfidence≤0.94. 

According to the proposed algorithm, the next step is 
to determine the competence of experts. The results of the 
survey are shown in Table 4.

The next step is to generalize the evaluations of experts 
regarding each group of factors. It should be noted that the 

factors were evaluated by a 10-point scale, where 10 is the 
most important (realization), and 1 is the least. For the ten-
dency, the scale proposed in the previous section (from 0.8 to 
1.2 with an increment of 0.1) was applied.

The first group of factors is the conditions of the SaSP 
activities at a certain HEI: social security, remuneration, the 
prestige of the SaSP activities, the possibility of self-realization 
at a certain HEI. The generalization results are given in Table 5.

The next group is the group of factors related to the 
development of the area (speciality), in particular: the num-
ber of specialists in a particular area, the budget for higher 
education, the number of primary positions in a certain spe-
cialty. It should be noted that the survey was conducted with 
regard to level 3 of higher education in knowledge area 25 
(military sciences, national security, security of the state 
border). The results of the assessment are given in Table 6.

Subsequently, the group of factors related to the attrac-
tiveness of the SaSP activities in a certain country was eval-
uated. In particular, they include the prestige of the SaSP 
activities, social security, development of higher education 
in a particular country (region). It should be noted that the 
survey was conducted with regard to higher education in 
Ukraine. However, the approach can be used in any region. 
The results of the assessment are given in Table 7.

Table	4		

Generalized	table	of	results	of	determining	the	competence	of	experts

Expert Self-evaluation Mutual evaluation
Objective evaluation

Averaged value Competence of expert
Education experience SaSP Σ

1 0.9 0.70 0.6 1 1 0.87 0.70 1.75

2 0.8 0.65 0.8 0.9 0.5 0.73 0.55 1.49

3 0.5 0.63 0.3 0.8 0.4 0.50 0.28 1.03

4 0.7 0.62 0.9 0.7 0.6 0.73 0.47 1.36

5 1 0.69 1 1 1 1.00 0.85 2.00

6 0.9 0.69 0.6 0.7 0.5 0.60 0.58 1.54

7 0.9 0.69 0.7 0.9 0.6 0.73 0.64 1.64

8 0.6 0.79 0.8 0.5 0.5 0.60 0.42 1.26

9 0.4 0.78 0.7 0.7 0.6 0.67 0.29 1.04

10 0.8 0.75 0.5 0.8 0.7 0.67 0.57 1.52

11 0.7 0.69 0.8 0.7 0.7 0.73 0.50 1.40

12 0.5 0.59 0.9 1 1 0.97 0.39 1.21

13 0.9 0.59 0.4 1 0.9 0.77 0.61 1.59

14 0.8 0.62 0.5 0.9 0.6 0.67 0.51 1.43

15 0.8 0.69 0.8 0.8 0.5 0.70 0.56 1.50

16 0.5 0.72 0.6 1 0.7 0.77 0.37 1.18

17 0.8 0.64 0.7 0.7 0.5 0.63 0.51 1.41

18 1 0.64 0.9 0.9 0.8 0.87 0.75 1.84

19 1 0.62 1 0.9 0.9 0.93 0.78 1.88

20 0.9 0.61 0.9 1 1 0.97 0.71 1.76

21 0.5 0.57 0.5 1 0.8 0.77 0.34 1.12

22 0.6 0.61 0.8 1 0.9 0.90 0.45 1.32

23 0.7 0.60 0.8 0.8 0.7 0.77 0.48 1.36

24 0.9 0.69 0.6 0.9 0.6 0.70 0.62 1.62

25 0.8 0.59 0.8 0.8 0.4 0.67 0.50 1.41

26 0.8 0.62 0.4 0.5 0.3 0.40 0.41 1.24

27 0.7 0.62 0.9 0.7 0.6 0.73 0.47 1.35

28 0.4 0.61 0.6 0.9 0.7 0.73 0.27 1.00

29 0.5 0.61 0.7 1 0.9 0.87 0.37 1.18

30 0.8 0.62 0.8 0.6 0.4 0.60 0.49 1.38
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Analysis of the results of the evaluation 
of the development of the area (speciality) 
(Table 8) shows that the factors affect the 
staff turnover almost in the same way. 
Social security is somewhat ahead, which 
is due to the fact that in this totality it is 
the factor that affects the basic needs of 
teachers.  

In general, the results of determin-
ing the impact of the proposed factors 
on the turnover of the SaSP staff and, 
accordingly, on the need for specialists 
of the highest qualification are shown 
in Fig. 4.

Table	5	

Results	of	evaluation	of	the	factors	of	the	group	of	
conditions	of	the	SaSP	activities	at	a	certain	HEI

Factors of the group of 
conditions of the SaSP 

activities at a certain HEI

Impor-
tance

Reali-
zation

Ten-
dency

Averaged 
value

Nor-
malized 

value

Social security 7.70 6.40 1.01 0.73 0.19

Remuneration 9.00 7.03 1.00 0.90 0.24

Prestige of S and SP 
activity

8.17 7.73 1.00 0.91 0.24

Opportunities for 
self-realization 

6.53 6.77 0.92 0.58 0.15

Table	6		

Results	of	evaluation	of	the	factors	related	to	the	
development	of	the	area	(speciality)

Factor related to 
area development

Impor-
tance

Reali-
zation

Ten-
dency

Averaged 
value

Normal-
ized value

Number of specialists 
in a certain area  

6.33 6.83 1.15 0.68 0.32

Budget of higher 
education

8.27 7.07 1.17 0.99 0.46

Number of primary 
positions 

6.00 4.73 1.17 0.48 0.22

In general, to further determine the need for 
specialists of the highest qualification, it will be 
possible to apply numerical values of factors influ-
ences, which will significantly increase the accura-
cy of forecasting.

Table	7	

Results	of	evaluation	of	factors	related	to	the	
attractiveness	of	SaSP	activities	in	a	particular	

country

Factor related to 
the attractiveness of 

SaSP activities

Im-
por-

tance

Re-
aliza-
tion

Ten-
den-

cy

Aver-
aged 
value

Nor-
malized 

value

Prestige of SaSP 
activity

7.50 6.03 1.02 0.68 0.30

Social security 8.97 6.23 1.08 0.87 0.39

Development of 
higher education in 

a certain country 
(region)

7.13 6.20 1.07 0.68 0.30

6. Discussion of the results of improving the procedure 
for determining the needs of higher education institutions 

for specialists of the highest qualification

The method for calculation of coefficients of the influ-
ence of factors on the need for specialists of the highest 
qualification was proposed. This method is presented in 
the form of an algorithm for calculating the coefficients of 
influence of factors on the need for specialists of the highest 
qualification (Fig. 2). This algorithm is based on the appli-
cation of the expert evaluation method, in particular, the 
method for determining the competence of experts by taking 
into consideration the values of self-evaluation, mutual eval-
uation, and objective evaluation of experts (Table 3, (7)). In 
addition, this algorithm is based on the method for data re-
liability verification by Kendall concordance coefficient and 
Pearson criterion (Table 1, (2) to (4)). Unlike the existing 
expert evaluation methods, in this study, it is proposed to 
determine not only the importance (8) of factors but also the 
degree of their realization (9) and the tendency (10).

The use of these methods in the algorithm makes it pos-
sible to objectively take into consideration the competence 
of experts, check the consistency of their judgments, predict 
the development of the influence of a certain factor on the re-
search subject. It should be noted that this algorithm allows 
taking into consideration the influence of factors not only 
according to their possible influence but also considering 

Fig.	3.	Diagram	of	the	totality	of	factors	that	affect	the	need	for	
specialists	of	the	highest	qualification
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Fig.	4.	The	magnitude	of	influence	of	factors	on	the	need	for	specialists	of	the	
highest	qualification	for	level	3	of	area	25	of	higher	education	in	Ukraine
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the degree of current influence and the forecast of changes 
in such an impact in the future.

The specific feature of this method is the complex use of 
advanced methods for selection of experts and determining 
their competence (Table 3), verification of reliability and 
accuracy of obtained data ((2) to (4)), determining the 
parameters of factors ((8) to (10)). This makes it possible 
to significantly simplify determining the magnitude of the 
factors’ influence on the need for specialists of the highest 
qualification.

The advantages of this method include its accuracy and 
reliability of obtained data. In addition, its merit is the pos-
sibility of numerical expression of the magnitude of influence 
of a certain factor. Another advantage of this method is the 
ability to use the obtained data to predict staff turnover in 
higher education (11) and, accordingly, determine the need 
for specialists of the highest qualifications. In practice, this 
method will significantly improve the management process-
es in the HEI on planning further development of human 
potential.

Restrictions on the use of this method include the need 
for the selection of such a group of experts, which would 
make it possible to carry out a high-quality mutual evalua-
tion. Another limitation is the need for a thorough explan-
atory note to the questionnaire because, in relation to the 
essence of indicators of realization and the tendency of factor 
influence, a different interpretation of the meaning of these 
terms is possible.

The drawback of this method is the need to change the 
group of experts in case of mismatch of calculated value 
χ2 (4) for any indicator of the factor with the tabular value of 
Pearson criterion.

The next task performed in the study is to determine the 
totality of factors that affect the need for specialists of the 
highest qualification and the magnitude of their impact. The 
essence of this determination is to calculate the indicators 
of each of the criteria regarding the importance, realization, 
and tendency. They are determined based on the algorithm 
of the calculation of the coefficients of factors that influence 
the need for specialists of the highest qualification (Fig. 2).

In general, it was determined that the following groups 
of factors significantly influence the subject of the study: 
conditions of the S and SP activities at a certain HEI, the 
attractiveness of the S and SP activities in a particular coun-
try, the development of the area (speciality). The decom-
position of these groups revealed the interrelation of these 
groups (Fig. 3). A group of 30 experts was selected to deter-
mine the numerical values of the factors, which corresponds 
to inequality (12) and satisfies the condition for achieving a 
confidence probability of 0.94. The conducted determining 
of the competence of experts (Table 4) revealed a sufficiently 
high competence, which is explained by the chosen method 
of selection.

The results of the assessment of expert judgments on 
the factors revealed that such factors as social protection, 
budget for higher education, remuneration, and prestige 
of the S and SP activities have the most significant influ-
ence. The number of primary positions in the area and the 
opportunities for self-realization in the HEI have the least 
influence (Fig. 4, Tables 5‒7).

Analysis of generalized results of determining the com-
petence of experts (Table 4) shows that the competence of 
experts is relatively high, which is explained by the method 

of experts’ selection. Actually, according to the essence of 
the “snowball” method, some experts suggest others who, in 
their opinion, are competent enough in the studied issues. 
This makes it possible to increase indirectly the accuracy of 
the obtained estimates and data reliability.

Analysis of the results of estimation of the conditions 
of SaSP activity at a certain HEI (Table 5) shows that the 
factors that most affect staff turnover are remuneration and 
prestige of the SaSP activities. This is due to the fact that 
these two factors determine the basic needs of teachers and 
provide the minimum necessary conditions for their exis-
tence.

Analysis of the results of the evaluation of area (special-
ity) development (Table 6) shows that the factor that most 
affects staff turnover is the budget for higher education. This 
is explained by the fact that training in regulated specialties 
is characteristic of area 25, that is, the order size depends 
primarily on the budget for higher education.

Analysis of the magnitudes of factors influencing the 
need for specialists of the highest qualifications shows that 
social security, budget for higher education, remuneration, 
and prestige of the S and SP activities have the most influ-
ence. This is explained by the specifics of training at level 3 
in area 25 of higher education in Ukraine because training 
takes place in regulated specialities and in accordance with 
the specifics of the area. The specifics include the existence 
of an armed conflict in eastern Ukraine, the transformation 
of the security sector in accordance with the NATO require-
ments and standards.

The factors that have the least influence include the 
number of primary positions in the area and the opportunity 
for self-realization at the HEI. Although it should be noted 
that these factors have a relatively high average value of 0.48 
and 0.58, respectively. 

The fact that the totality of factors was determined 
makes it possible to reasonably identify the need for special-
ists of the highest qualification directly when planning the 
number of adjuncts (postgraduate students) for the follow-
ing years.

The specific feature of this totality of factors is that the 
quantitative magnitude of the influence on the research 
subject was determined taking into consideration such indi-
cators as importance, realization, and tendency. 

Restrictions on the application of the obtained results 
include the fact that the study was conducted relative to 
level 3 of training in area 25 of higher education in Ukraine. 
However, it should be noted that the established totality of 
factors does not depend on the level, area, or region, that is 
why clarification is necessary in order to use these results in 
other areas.

The merit of using this totality of factors that affect the 
need for specialists of the highest qualification is that the 
quantitative value of influence was determined. 

Another advantage is the relatively high accuracy and 
reliability of the results, which is due to the verification of 
experts’ consistency.

It can be considered that the disadvantage of this total-
ity is that the proposed factors to some extent depend on 
each other. That is, the quantitative parameter of the influ-
ence of a certain factor should be taken into consideration 
with coefficients of correlation with other factors, which 
significantly complicates the calculation process. However, 
it should be noted that the indicated totality of factors and 
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the magnitude of their impact on the research subject gives 
an important idea of the dynamics of changes in the turnover 
of personnel of higher qualification.

The totality of the obtained results indicates the im-
provement of the procedure for determining the factors that 
affect the need of higher education institutions for highly 
qualified specialists. In general, the proposed approach to 
determining the values of influence of each of the factors en-
sures comprehensive coverage of the factors, a sufficient level 
of validity and reliability of the obtained results.

In addition, the improved procedure will contribute to 
maintaining the quality of higher education in the context 
of increasing staff turnover, rational distribution of budget 
funds, and ensuring the sustainable development of higher 
education. 

The advantages of the improved procedure include the 
simplicity of use, the ability to verify the consistency of 
expert judgments, and multi-levelness in the study of the 
factors that affect the need for specialists of the highest 
qualification.

The drawback of this approach is the need to attract a 
certain number of experts, which complicates the organiza-
tional side of the study.

7. Conclusions

1. A method for calculation of coefficients of factors’ 
influence on the need for specialists of the highest qualifi-
cation was proposed. The essence of the method is the use 
of the methods of expert evaluation, selection of experts, 
verification of data reliability to determine the importance, 
degree of realization, and the tendency of the factors that 
affect the need for specialists of the highest qualification.

The specific feature of this method is the comprehensive 
use of improved methods for the selection of experts and 
determining their competence, verification of reliability and 
accuracy of obtained data, determining the factors’ param-

eters. A distinctive feature of this method is its versatility 
of application for any region, area, and HEI. In general, the 
method makes it possible to significantly simplify the pro-
cess of determining the magnitude of influence of factors 
on the need for specialists of the highest qualification. The 
scope of this method includes the stage of planning of the 
educational process at the HEI with regard to the problem of 
determining the number of postgraduate students.

2. The totality and magnitude of the influence of factors 
that affect the need for specialists of the highest qualifica-
tion were determined. The idea behind it is to calculate the 
indicators of each of the criteria regarding the importance, 
realization, and tendency. The peculiarity of this result is the 
division of factors into three groups: conditions of the S and 
SP activities at a certain university, attractiveness of the S 
and SP activities in a particular country, and development 
of the area (specialty). A distinctive feature of this result is 
that 30 experts were involved in the study, which satisfies 
the condition for achieving a confidence probability of 0.94. 
The use of the “snowball” method for experts’ selection en-
sures the achievement of this value of confidence probability. 
Another feature is that the study was conducted with regard 
to training at the third level in knowledge area 25 of higher 
education in Ukraine.

In the course of the study, it was found that the most 
influential factors are: social protection (0.87), budget for 
higher education (0.99), remuneration (0.9), and prestige 
of S and SP activities (0.91). The least influential are: the 
number of primary positions in the area (0.48) and oppor-
tunities for self-realization at the HEI (0.58). The obtained 
results make it possible to reasonably determine the need for 
specialists of the highest qualification directly when plan-
ning the number of adjuncts (postgraduate students) for the 
following years.

The scope of application of the found totality and the 
magnitude of influence of factors is the stage of determining 
the number of postgraduate students (adjuncts) for level 3 of 
knowledge area 25 of higher education in Ukraine.

References 

1. Dicker, R., Garcia, M., Kelly, A., Mulrooney, H. (2019). What does “quality” in higher education mean? Perceptions of staff, students 

and employers. Studies in Higher Education, 44 (8), 1425–1441. doi: https://doi.org/10.1080/03075079.2018.1445987 

2. Shareef, R. A., Atan, T. (2019). The influence of ethical leadership on academic employees’ organizational citizenship behavior and 

turnover intention. Management Decision, 57 (3), 583–605. doi: https://doi.org/10.1108/md-08-2017-0721 

3. Wolszczak-Derlacz, J. (2017). An evaluation and explanation of (in)efficiency in higher education institutions in Europe and the 

U.S. with the application of two-stage semi-parametric DEA. Research Policy, 46 (9), 1595–1605. doi: https://doi.org/10.1016/ 

j.respol.2017.07.010 

4. Eaton, C., Howell, S. T., Yannelis, C. (2019). When Investor Incentives and Consumer Interests Diverge: Private Equity in Higher 

Education. The Review of Financial Studies, 33 (9), 4024–4060. doi: https://doi.org/10.1093/rfs/hhz129 

5. Doronina, O., Riazanov, M. (2019). Personnel policy as a tool for strategic development of a higher education institution. Economiсs 

and organization of management, 1 (33), 15–20. doi: https://doi.org/10.31558/2307-2318.2019.1.2 

6. Podenko, А. (2019). Socio-psychological factors of staff turnover in the organization. Kharkivskyi osinniy marafon psykhotekhnolohiy: 

materialy III mizhrehion. nauk.-prakt. konf. Kharkiv, 185–189. Available at: http://dspace.hnpu.edu.ua/handle/123456789/5517

7. King, V., Roed, J., Wilson, L. (2018). It’s very different here: practice-based academic staff induction and retention. Journal of Higher 

Education Policy and Management, 40 (5), 470–484. doi: https://doi.org/10.1080/1360080x.2018.1496516 

8. Gandy, R., Harrison, P., Gold, J. (2018). Talent management in higher education: is turnover relevant? European Journal of Training 

and Development, 42 (9), 597–610. doi: https://doi.org/10.1108/ejtd-11-2017-0099 

9. Gandy, R., Harrison, P., Gold, J. (2018). Criticality of detailed staff turnover measurement. Benchmarking: An International Journal, 

25 (8), 2950–2967. doi: https://doi.org/10.1108/bij-11-2017-0302 

10. Chong, C. Y., Lee, S. T. (2017). Employee Retention and Job Performance Attributes in Private Institutions of Higher Education. 

International Journal of Business and Administrative Studies, 3 (5), 158–165. doi: https://doi.org/10.20469/ijbas.3.10001-5 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/3 ( 115 ) 2022

96

11. Tepayakul, R., Rinthaisong, I. (2018). Job Satisfaction and Employee Engagement among Human Resources Staff of Thai Private 

Higher Education Institutions. The Journal of Behavioral Science, 13 (2), 68–81. Available at: https://so06.tci-thaijo.org/index.php/

IJBS/article/view/109260

12. Grobler, A., van Rensburg, M. J. (2019). Organisational climate, person–organisation fit and turn over intention: a generational 

perspective within a South African Higher Education Institution. Studies in Higher Education, 44 (11), 2053–2065. doi: https://

doi.org/10.1080/03075079.2018.1492533 

13. Busari, A. H., Mughal, Y. H., Khan, S. N., Rasool, S., Kiyani, A. A. (2017). Analytical cognitive style moderation on promotion and 

turnover intention. Journal of Management Development, 36 (3), 438–464. doi: https://doi.org/10.1108/jmd-12-2015-0184 

14. Turnbull, A. E., Dinglas, V. D., Friedman, L. A., Chessare, C. M., Sepúlveda, K. A., Bingham, C. O., Needham, D. M. (2018). A 

survey of Delphi panelists after core outcome set development revealed positive feedback and methods to facilitate panel member 

participation. Journal of Clinical Epidemiology, 102, 99–106. doi: https://doi.org/10.1016/j.jclinepi.2018.06.007 

15. Belton, I., MacDonald, A., Wright, G., Hamlin, I. (2019). Improving the practical application of the Delphi method in group-based 

judgment: A six-step prescription for a well-founded and defensible process. Technological Forecasting and Social Change, 147, 

72–82. doi: https://doi.org/10.1016/j.techfore.2019.07.002 

16. Shariff, N. M., Abd Razak, R. (2021). Exploring hospitality graduates’ competencies in Malaysia for future employability using Del-

phi method: a study of Competency-Based Education. Journal of Teaching in Travel & Tourism, 1–19. doi: https://doi.org/10.1080/ 

15313220.2021.1950103 

17. Maistrenko, O., Ryzhov, Y., Khaustov, D., Tsbulia, S., Nastishin, Y. (2021). Decision-Making Model for Task Execution by a Military 

Unit in Terms of Queuing Theory. Military Operations Research, 26 (1), 59–69. doi: https://doi.org/10.5711/1082598326159 

18. Maistrenko, O., Karavanov, O., Riman, O., Kurban, V., Shcherba, A., Volkov, I. et. al. (2021). Devising a procedure for substantiating 

the type and volume of redundant structural-functional elements of reconnaissance-firing systems. Eastern-European Journal of 

Enterprise Technologies, 2 (3 (110)), 31–42. doi: https://doi.org/10.15587/1729-4061.2021.229031 

19. Krippendorff, K. (2018). Content analysis: An introduction to its methodology. Sage publications, 472.

20. Manizade, A. G., Mason, M. M. (2011). Using Delphi methodology to design assessments of teachers’ pedagogical content 

knowledge. Educational Studies in Mathematics, 76 (2), 183–207. doi: https://doi.org/10.1007/s10649-010-9276-z 

21. Hrabovetskyi, B. (2010). Metody ekspertnykh otsinok: teoriya, metodolohiya, napriamky vykorystannia. Vinnytsia, 171. Available 

at: http://hrabovecky.vk.vntu.edu.ua/file/a0a40b7bd74c5d39fe693b7b2c99f38f.pdf

22. Tarsitano, A., Lombardo, R. (2013). A Coefficient of Correlation Based on Ratios of Ranks and Anti-ranks. Jahrbücher Für 

Nationalökonomie Und Statistik, 233 (2), 206–224. doi: https://doi.org/10.1515/jbnst-2013-0205 

23. Romdhani, H., Lakhal-Chaieb, L., Rivest, L.-P. (2014). An exchangeable Kendall’s tau for clustered data. Canadian Journal of 

Statistics, 42 (3), 384–403. doi: https://doi.org/10.1002/cjs.11223 

24. Openko, P. V., Hohoniants, S. Y., Starkova, O. V., Herasymenko, K. V., Yastrebov, M. I., Prudchenko, A. O. (2019). Problem of 

Choosing a DBMS in Modern Information System. 2019 IEEE International Conference on Advanced Trends in Information 

Theory (ATIT). doi: https://doi.org/10.1109/atit49449.2019.9030517 

25. Gawande, K., Reinhardt, G. Y., Silva, C. L., Bearfield, D. (2013). Comparing Discrete Distributions: Survey Validation and Survey 

Experiments. Political Analysis, 21 (1), 70–85. doi: https://doi.org/10.1093/pan/mps036 

26. Moore, D. S. (2017). Tests of Chi-Squared Type. Goodness-of-Fit Techniques, 63–96. doi: https://doi.org/10.1201/9780203753064-3 

27. Maistrenko, O., Khoma, V., Karavanov, O., Stetsiv, S., Shcherba, A. (2021). Devising a procedure for justifying the choice of 

reconnaissance-firing systems. Eastern-European Journal of Enterprise Technologies, 1 (3 (109)), 60–71. doi: https://doi.org/ 

10.15587/1729-4061.2021.224324 

28. Susko, E. (2013). Likelihood ratio tests with boundary constraints using data-dependent degrees of freedom. Biometrika, 100 (4), 

1019–1023. doi: https://doi.org/10.1093/biomet/ast032 

29. Saris, W. E., Gallhofer, I. N. (Eds.) (2014). Design, evaluation, and analysis of questionnaires for survey research. John Wiley & Sons. 

doi: https://doi.org/10.1002/9781118634646 

30. SSC of Ukraine. Statistical Information. Available at: http://ukrstat.gov.ua/

31. Cherednichenko, O., Fursova, A. (2020). To the convergence of education and business. Osvita i suspilstvo V, 241–245.

32. Leeb, H., Pötscher, B. M., Ewald, K. (2015). On Various Confidence Intervals Post-Model-Selection. Statistical Science, 30 (2). doi: 

https://doi.org/10.1214/14-sts507 




