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1. Introduction

The process of reconstruction of the economy of each 
country predetermines the rapid development of the pro-

duction sector, which, in turn, contributes to the strength-
ening of anthropogenic impact on the environment. Natural 
resources are raw materials for many production processes, 
their use is growing exponentially with the increasing ca-
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The object of research considered in 
this paper is the design mindset process 
in the development of a prototype of 
electronic service for assessing the 
environmental impact of the planned 
activities of business entities. The 
problems of applying the design mindset 
approach to the process of automating 
environmental impact assessment 
have been investigated. As a result of 
the application of the design mindset 
in combination with the stakeholder 
approach, a logical-structural scheme 
and architecture of the electronic service 
interface for different categories of users 
have been developed. The peculiarities 
of the prototype of the electronic service 
of environmental impact assessment 
(EIA ES) are to provide a common 
understanding of the requirements and 
results obtained, and convenient access to 
the execution of calculations. Distinctive 
features for the implementation of 
calculations in EIA ES are the quantitative 
obtaining of the values of indicators, 
which are represented by a report in the 
form of qualitative parameters through 
the use of a new algorithm. This allows 
business entities to perform calculations of 
indicators using online access at the stage 
of preparing the report.

The developed interface design and 
functionality of the EIA prototype were 
evaluated by the expert method on a 
10-point scale when making calculations 
for a real project. The effectiveness of 
the electronic service has been confirmed 
by the consistency of expert opinions 
in line with the concordation method. 
The estimated concordation coefficient 
was 0.83 and was checked for adequacy 
according to the Pearson criterion 
(20.75), which confirmed the reliability 
of the calculations at a significance level 
of 0.05.

The scope of application may be 
environmental impact assessment of 
transport construction objects and gas 
stations. The conditions for practical use 
are the availability of access to the Internet 
and the availability of sufficient user 
qualifications for performing calculations
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it is necessary to highlight [7, 8]. These papers are based 
on the Systematic Literature Review approach, which re-
vealed the possibilities of applying integrated models to 
innovations in various applied fields. The models specified 
in [7, 8] have better flexibility to change consumer needs 
than conventional ones. However, they do not provide a clear 
answer to the question of how best to take these changes into 
consideration.

Work [9] focuses on the study of the use of a design 
mindset in the management of academic resources at higher 
education institutions. Interesting is the experience of using 
the methodology of a flexible design mindset to meet the 
needs of the end user in the prototyping phase. The main 
disadvantage of the cited study is that it has not passed suf-
ficient practical testing.

Works [10, 11] report the analysis of design mind-
set-based methods and models and give recommendations for 
practical use. In particular, papers [10, 11] describe in more 
detail the application of the design mindset to certain areas, 
such as social projects and commercial activities. However, 
based on the results of research, it was revealed that IT 
products should be evaluated in terms of feasibility, scope, 
and accuracy of prototyping.

Thus, our review of scientific papers [7–11] revealed 
insufficient attention of researchers to the application of a 
design mindset in combination with a stakeholder approach.

3. The aim and objectives of the study

The aim of this study is to define an approach to the ap-
plication of a design mindset in the development of a proto-
type electronic service for environmental impact assessment 
of the planned activities of business entities. This will make 
it possible to build an ergonomic interface for the electronic 
service, focused on the end user.

To achieve the set aim, the following tasks have been 
solved:

– to describe the algorithm for quantifying environmen-
tal impact assessment indicators of the planned activity, 
which underlies the developed electronic service; 

– to develop an interface to the prototype of the elec-
tronic service using a design mindset in combination with a 
stakeholder approach; 

– to perform an expert assessment of the functionality 
and interface of the developed electronic service.

4. The study materials and methods

The object of this study is the design mindset process 
in the development of a prototype of electronic service for 
assessing the environmental impact of the planned activities 
of business entities.

The development of the electronic service is based on an 
algorithm for quantifying environmental impact assessment 
indicators of the planned activity. This algorithm is based 
on the use of the Leopold matrix, followed by a study of the 
influence of indicators using the Harrington function. The 
basic hypothesis of the study assumes that when applying 
the design mindset approach to prototyping an IT product, 
the best way is to use a stakeholder approach. The main as-
sumption of the study is to take into consideration the opin-
ions of groups of independent external stakeholders in the 

pacity and intensity of production. At the same time, there 
is an increase in the volume of waste, emissions of harm-
ful substances into the atmosphere, discharges into water 
bodies; soils are polluted, and biodiversity decreases. The 
processes of industrial activity not only negatively affect 
the environment but also lead to irreversible changes [1]. 
Therefore, along with strict environmental control in the 
implementation of economic activities, international legisla-
tion provides for an environmental impact assessment (EIA) 
at the planning stage of production activities. A complex 
and lengthy evaluation procedure is a laborious multipara-
metric problem of analytical and mathematical modeling. 
It requires constant attention, participation, and control by 
the customer of the contractor, and constructive interaction 
with stakeholders – the public, government agencies, and 
local governments.

That is why at the present stage it is relevant to study the 
problems of automating the process of environmental impact 
assessment through the development of an electronic service. 
Such an IT product must meet the requirements of users for 
the quantitative assessment of the environmental impact of 
the planned activities of a business entity according to clear-
ly established indicators and the method of their evaluation. 
In turn, such electronic services should have a comfortable 
interface that will make it possible to quickly and conve-
niently work with the system. Solving this problem requires 
the use of non-standard creative approaches to develop a 
software product, one of which is a design mindset.

The results of such studies are necessary for practice be-
cause such electronic services, based on the design mindset 
approach, have an ergonomic appearance and are focused on 
the end user.

2. Literature review and problem statement

Traditional methods of designing electronic services, in 
particular, for example, the method of orderly search [2], do 
not meet modern requirements for the development of IT 
products. The disadvantage of conventional methods, which 
are largely focused on mathematics, is the narrow scope 
of their application. In particular, the method of ordered 
search [2] turned out to be possible for use only when solving 
clearly formulated problems with unchanged initial data. 
The modern world, like modern design, lives and operates 
under conditions of a high degree of uncertainty, which pre-
determines higher demands on the flexibility of methods. In 
addition, going the conventional way, it is difficult to achieve 
the originality of the solution [3]. Experts in other fields 
argue about the use of design mindset-based methods and 
techniques in various non-standard, dead-end, multitasking, 
and uncertain situations. Therefore, it is increasingly neces-
sary to separate design as a profession and design mindset 
as a special project technology, to which the authors of [4] 
attribute not only high efficiency but also large horizons.

In study [5], design is defined as the process of transform-
ing existing conditions into desirable ones. Thus, a design 
mindset can be defined as a process always focused on creat-
ing a better future and finding new solutions to complex prob-
lems in various fields [6]. However, the design mindset-based 
methods and models described in works [2–6] were not ap-
plied to IT products in the environmental industry.

Among the latest significant studies on the analysis of 
basic design mindset-based research methods and models, 
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development of the functionality and interface of an electronic 
service. This makes it possible at the stage of testing the devel-
oped prototype to take into consideration the needs of inter-
ested parties, which reduces the number of negative feedbacks 
from users at the stage of demo testing of the electronic service. 
The developed demo version of the prototype of the electronic 
service for environmental impact assessment of EIA was tested 
by five experts – professionals in the field of environmental 
impact assessment. The adequacy of the results of applying the 
design mindset approach in the development of a prototype 
electronic service is assessed by the consistency between the 
opinions of experts using the concordation method, followed by 
verification according to the Pearson criterion.

5. Results of the development of a prototype electronic 
service for environmental impact assessment 

5. 1. Algorithm to quantitatively determine the envi-
ronmental impact assessment indicators of the planned 
activity

The algorithm for quantifying environmental impact as-
sessment indicators (EIA) of the planned activities is based 
on a combined approach. The Leopold matrix [12] was used 
with the subsequent study of the influence of indicators us-
ing the Harrington function [13, 14].

The Leopold matrix is built in the form of a table that 
contains horizontally a list of processes that have an impact 
on the environment at different stages of the life cycle of 
planned activities. Vertically, the matrix contains criteria 
and indicators of environmental impact, which are the cor-
responding characteristics of the environment. The formed 
cells of the matrix (Table 1) determine the estimate, which, 
in turn, reflects the intensity of the impact (amplitude) and 
is a measure of the significance of changes in the ecosys-
tem (importance).

Table 1 

Leopold matrix (template)

The i-th crite-
rion indicator, 

iϵ[1; n]

The j-th component of the 
k-th process, jϵ[1; m] Σwi Ii Yi

1 2 j m

1 w11 w12 w1j w1m … … …

2 w21 w22 w2j w2m … … …

i wi1 wi2 wij wim … … …

n wn1 wn2 wnj wnm … … …

Σwj … … … … Σwi j … …

Ij … … … … … … …

Yj … … … … … … …
Note: w – assessment of the intensity of impact for each criterion of 
processes; n – the number of indicators of the criterion; m – the num-
ber of indicators for assessing the state of the object of study; I – the 
total strength of the impact of the planned activities on the environ-
ment; Y – an integral indicator of environmental impact assessment

The algorithm for quantifying environmental impact 
assessment indicators of the planned activity is implemented 
as follows: 

– Step 1. An assessment of the intensity of impact for 
each criterion of processes (wi) that have an impact on the 
environment is carried out. To do this, determine the final 
point score (Kb) of each criterion by the formula:

( )
1

,
n

b i i i i i i i ii
K P L A M F T N Z

=
= + + + + + + ⋅∑ 	 (1)

where Pi is the assessment of the danger of the impact of the 
i-th indicator of the criterion; 

Li is the assessment of the fulfillment of legislative and 
regulatory requirements for the i-th indicator of the criterion;  

Ai is the assessment of public opinion on the i-th indica-
tor of the criterion;  

Mi is the assessment of the scale of influence of the i-th 
indicator of the criterion; 

Fi is the assessment of financial costs to overcome the 
consequences of the impact of the i-th indicator of the cri-
terion;

Ti is the time or duration of exposure to the i-th indicator 
of the criterion;  

Ni is the use of new innovative technologies; 
Zi is the assessment of the ability to control the i-th indi-

cator of the criterion; 
Pi, Li, Ai, Mi, Fi, Ti, Ni, Zi ϵ [0, 1, 2, 3].
Next, according to the resulting final point estimates, 

the intensity of the impact for each criterion of the processes 
is determined according to Table 2.

Table 2

Determining the intensity of the impact of the planned 
activities on the environment

Final evaluation of the 
criterion (Kb), point

Degree/intensity of impact

Impact value, wi Impact category

3–13 0 missing

14–24 1 weak

25–35 2 average

36–46 3 strong

47–57 4 very strong

58–63 5 critical

– Step 2. The significance of all influences (γ) for each 
criterion of processes in the matrix (Table 1) is determined 
by the formula:

100
,

R
γ = 					     (2)

where R is the number of significant cells in the matrix (in 
which w≠0). 

– Step 3. The total strength of the impact of the planned 
activities on the environment is calculated (Ii):

1
.

n

i ii
I w

=
= γ ⋅∑ 					    (3)

Similarly, the force of influence is determined horizon-
tally Ij. The obtained values are summed up horizontally and 
vertically in the matrix. Thus, the most intense actions are de-
termined and objects that are the most sensitive and are most 
affected by the processes of the planned activity are identified. 

The overall impact of the planned activities on the envi-
ronment (Iij), in this case, is found by:

1 1 ,

n m

iji j
ij

w
I

S
= =

⋅ γ
=

∑ ∑
				    (4)

where S is the total number of cells in the matrix. 
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‒ Step 4. The ratio of the obtained value to the maximum 
Imax, expressed as a percentage, determines (Yi), the level of the 
local impact of the planned activity process on the environment 
or the level of danger to the environmental component:

max

.i
i

I
Y

I
= 					     (5)

– Step 5. The integral indicator of EIA is determined by 
the generalized Harrington desirability function [12]:

2П ,mm
i iD d== ⋅ 					    (6)

where D is the generalized desirability Dϵ[0; 1];
m – the number of indicators for assessing the state of the 

object of study;  
di – partial desirability; 

2Пm
i=  is a function of the product di for all i from 2 to m.

The value of the indicators of the standard Harrington 
desirability scale is given in Table 3.

Table 3 

Harrington standard desirability scale

Conclusion Scale

Very good 1.0–0.81

Fine 0.80–0.64

Satisfactorily 0.63–0.38

Badly 0.37–0.21

Very bad 0.20–0

– Step 6. The integral EIA indicator (Y) is calculated by 
the formula:

2 ,mm
i iY Y== Π ⋅ 			   (7)

where Yi is the level of the local impact of the planned activ-
ity process on the environment;  

m – the number of local indicators of environmental impact.
– Step 7. A conclusion is formed on the result of EIA 

based on transformed quantitative values of the integral in-
dicator into a qualitative assessment based on the gradation 
of the intensity of the impact force.

This algorithm forms the mathematical basis of the 
developed electronic service, the interface of which will pro-
vide support for decision-making for quantitative assessment 
of the environmental impact of the planned activities of a 
business entity [14].

5. 2. Applying a design mindset approach to the devel-
opment of an electronic service interface

The design mindset procedure in the modern world is an 
effective tool for the development of IT products. The effec-
tiveness of the design mindset method is in the speed of imple-
mentation and mundaneness. Speed is achieved through pro-
totyping and testing hypotheses in the initial stages of work. 
This significantly reduces the time for implementing solutions 
and further work on errors. Mundaneness is achieved due to 
the maximum possible objectivity of the developed solutions. 
This approach makes it possible to clearly plan the project, 
speed up prototyping, testing, and work on errors.

The application of the design mindset approach has made 
it possible to develop an interface for the electronic environ-
mental impact assessment service ECEIA (Electronic Cal-

culator for Environmental Impact Assessment). This soft-
ware product fully meets the requirements of all its users.

The development of the electronic service ECEIA by 
the design mindset method involved analytical research, 
the study of the issue of its necessity and relevance. For this 
purpose, the method of questioning based on the stakeholder 
approach was applied. The target audience in the study was 
business entities planning activities subject to environmental 
impact assessment. In addition, project organizations and 
construction companies, representatives of the interested 
public and government officials took part in the survey. The 
main problems faced by the respondents in their activities on 
environmental impact assessment were the lack of a unified 
assessment methodology, subjectivism in the assessment, 
and the inability to quantify EIA indicators. In turn, about 
40 % of respondents saw a solution to these problems in the 
development of an electronic service. Regarding the main ex-
pectations from the development of an electronic service, 46 % 
of respondents identified the possibility of quick processing of 
information. And about 70 % of respondents believe that the 
service will be useful in preparing reports on EIA.

When establishing the level of need to introduce an 
electronic service for screening environmental impact as-
sessment, the largest share of stakeholders chose the “need” 
and “very necessary” assessments. Based on the analysis of 
the obtained data during the survey, a logical-block dia-
gram (Fig. 1) and a visual model (Fig. 2) of the prototype of 
the ECEIA electronic service were developed.

Thus, the applied design mindset method has made it 
possible, based on the results of a survey of stakeholders, to 
develop a prototype of electronic service for environmental 
impact assessment. That has allowed us to offer a modern, 
unique graphical design of the EIA ES interface without 
the use of common templates for all typical pages, interface 
elements, and text markup.

When implementing the graphical user interface, the re-
quirements and recommendations for the placement of win-
dows, tips, the appointment of control and function keys, etc. 
are taken into consideration. The interface provides the possi-
bility of reverse user actions and various modifications for data 
recovery. Means of obtaining reference data on the possibilities 
of the electronic service of EIA are provided, and the possibility 
of receiving context-dependent prompts on the screen for the 
performance of operations and functions is provided. Naviga-
tion elements are executed in a user-friendly form (Fig. 2).

The general structure of the EIA electronic service in-
cludes two main blocks:

1. Block to start the work and enter general informa-
tion (Fig. 3), which provides:

– entering information related to user identification; 
– the creation of projects and representation of the nec-

essary data for selection from the built databases on objects 
of two categories (transport construction and gas stations); 

– counter of appeals to the program.
2. The result presentation block includes:
– quantitative assessment of the impact on each element 

of the environment; 
– quantitative assessment of the impact of planned activ-

ities on the environment; 
– proposals for making management decisions of the project; 
– preservation of the obtained results; 
– correction, deletion, updating, copying of stored in-

formation; 
– presentation of analytical reports on the results of work.
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The database “Criteria for environmental impact assess-
ment” includes the following types of criteria:

– the quality of the surface layer of atmospheric air; 
– resource-saving, energy saving; 
– the quality of the aquatic environment; 
– waste management; 
– the quality of land resources; 
– the quality of the geological environment;
– physical factors influencing the environment;
– biodiversity; 
– social environment; 
– man-made environment.
The algorithm that determines the order of work with 

databases, built on the basis of the design mindset approach, is 
shown in Fig. 4.

The interface provides a quick change in the structure of 
the EIA ES sections if necessary and editing the information 
content of the sections. It also provides for automatic visual-

ization of the obtained results of environmental impact assess-
ment, collection, and processing of complete statistics of visits 
through the connection of Google Analytics tool (USA).

The software component, which provides integration 
with other systems, provides for the possibility of connecting 
an arbitrary number of external users. This is done by con-
figuring access rights to information and determining other 
parameters necessary to establish communication with an 
external information system.

Logging into the service involves authentication and ver-
ification of users via HTTPS protocols, which ensures the 
confidentiality of information through its strong encryption. 
The main groups of users are given in Table 4.

Fig. 5, 6 show the start page of the prototype “Electronic 
service EIA ES” and the user registration window.

Input – output of data, reception of commands and 
display of the results of their execution are carried out in 
interactive/dialog mode (Fig. 7).

 

Visiting the site

Selection of necessary initial
conditions for evaluation

Assessment of individual criteria

Integrated assessment of the impact 
of EIA on the environment

Checking the obtained value for 
compliance with the standards

Conclusion on the assessment of EIA,
recommendations

Physical
Website

Standards, legislative
acts, handbooks

models

List of criteria,
EIA, technological

maps
Reports …… 

 Onstage contact actions

Chats with the support service

List of objects of influence on the 
environment, individual
processes, consultations

Comments, a list of popular questions 
and advice on the rating scale 

Interpolation

Support processes

Calculation module

Traffic statistics

Visitor analytics

Handbooks

 Backstage contact actions

Questions and answers

List of selected parameters

Database of quantitative 
assessments

Leopold matrix

User actions

Analytical module

Fig. 1. Logical-block diagram of the prototype of the Electronic Service for Environmental Impact Assessment

 

 
 

 
 

 
 

 
 

 
 

 
 

Screen 1 Screen 2 Screen 3 Screen 4 Screen 5 Screen 6

Object of 
assessment

Classifier of 
road 

infrastructure 
objects

Expert assessment 
of the object's 
impact on the 
environment

Technical 
description Gas 
station type А

The process of

within the 
object:

Assessment by 
criteria

1. Criterion 1

…………..

Fig. 2. Visual model of the prototype of the Electronic service for environmental impact assessment
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11. User 
identification is 

complete. Login to 
the system

2. First 
entry?

8. Is there a 
personal 
account?

1. Start of work

5. Create a 
personal 
account?

7. User 
identification

3. Primary 
questionnaire

9. Determining the 
number of accesses 
to the system and 
the user's personal 

account

6. Create a personal 
user account

10. Analysis of results. 
User definition. Input 

counter

no

no no

yes

yesyes

Fig. 3. Algorithm of block 1 “Getting started”

9. Determine compliance

8. List of indicators 
of the state of the

environment
affected by the 

project's production 
processes

8.10. Man-made environment

8.9. Social environment

8.8. Biodiversity

8.7. Physical factors influencing the environment

8.6. The quality of the geological environment

8.5. The quality of land resources

8.4. Waste management

8.3. The quality of the aquatic environment

8.2. Resource-saving, energy saving

8.1. Quality of the surface layer of atmospheric air

Production and 
technological processes

Indicators of the state 
of the environment

6. List of production and technological 
processes of objects of the first category

of planned types of activities

7. List of production and technological 
processes of objects of the second 

category of planned types of activities

4. List of objects of the first category 
of types of planned activities

5. List of objects of the second 
category of planned activities

1. Start

3. List of types of planned activities

2. Project documentation, technical description of the 
project and production processes. Report on EIA

Production 
process

Indicators of the 
state of the 

environment

Indicator of the 
state of the 

environment

Production 
process

Fig. 4. Algorithm for selecting data for calculation from the database of the Electronic Service for environmental impact assessment
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Table 4

Main user groups

User group Access

Unauthorized 
users

– review of the electronic service, the possibility of determining the impact on the environment without saving data by 
cadastral number; 

‒ familiarization with the regulatory framework for environmental impact assessment, on the basis of which the work 
of the electronic service is based; 

‒ viewing text pages of the electronic service; 
– downloading information on environmental impact assessment criteria and assessment method *.pdf and/or *.json; 

‒ using the feedback form

Authorized users

Authorized users are divided into «Users» of the system and «Legal entities». The powers of the latter include: 
– the possibility of adding/uploading information after its verification and approval by the administrator; 

‒ saving the results of environmental impact assessment and their further analysis. 
Also, all authorized users have access to information and functions that are available to non-authorized users

Administrator 
of the electronic 

service

Service part: 
‒ filling the electronic service with text information; 

‒ uploading data on environmental impact criteria and production and technological processes that exert this impact; 
– confirmation of registration of authorized users; 

– viewing information about authorized users; 
‒ review of information on an environmental impact assessment; 

– management of page content and information exchange with third-party databases; 
– ensuring timely backup of files; 

– setting user rights and creating new users; 
– verification of data packets from authorized users and their publication; 

– viewing the history of data transfer (data packets); 
‒ statistics of visits to the electronic service

 

Fig. 5. Start page of the Electronic service for environmental impact assessment

Fig. 6. Window for registration of a new user of the Electronic service for environmental impact assessment
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The most important principles in the design and imple-
mentation of the EIA software product were modularity 
based on modular programming, interoperability (techni-
cal and semantic), openness, integrity, and data security. 
The interaction of the electronic service with the external 
environment is based on open protocols, and existing 
standards that define the unified structure and content 
of data in the field of environmental impact assessment.

5. 3. Expert evaluation of the functionality and inter-
face of the developed electronic service

To determine the effectiveness of the EIA ES, an ex-
pert assessment of the functionality and interface of the 
developed electronic service was carried out. Five leading 
experts in the field of environmental impact assessment of 
the planned activities were involved in the assessment. The 
experts assessed the EIA indicators for a real project for the 
reconstruction of a section of a public road with a length of 
5.1 km under a manual mode and with the help of service 
from [14]. At the same time, respondents were asked to eval-
uate the following indicators of the effectiveness of the EIA 
electronic service on a 10-point scale:

– speed of information processing; 
– availability, convenience, and interface design; 
– reliability of the calculation of criteria; 
– full automation of calculations; 
– the possibility of remote access; 
– option to save results for further work (monitoring).
The results of the survey of experts were statistically 

processed by the method of concordation, which shows the 
consistency between expert opinions:

( ) ( )2 3 3
,

1 1
12 12

kv

i i

S
W

e p p e b b
=

× − − × −∑
		  (8)

where W is the concordation coefficient, W ϵ (0;1,0);  
e is the number of experts;  
p is the number of service performance indicators evalu-

ated by experts;  
bi is the number of indicators, the assessment of which is 

repeated in a series for the i-th expert;  
Skv is the sum of the squares of deviations:

2

1 1

,
p e

kv ij mid
i j

S G G
= =

 
= −  
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where Gmid is the arithmetic average value of the service 
performance indicator. 

According to the results of the survey, a consolidated 
matrix of ranks M (Gij) was compiled (Table 5).

The next step is to reform the matrix М’ (Gij) to further 
determine the concordation coefficient (Table 6).

Table 5

Consolidated matrix of ranks of expert assessments М (Gij)

Service performance indicator
Expert

1 2 3 4 5

Information processing speed 8 10 9 9 8

Accessibility, usability, and interface design 7 7 8 8 9

Reliability of criteria calculation 10 10 10 10 9

Full automation of calculations 10 10 10 10 10

Possibility of remote access 10 10 10 10 10

Option to save results for further work 
(monitoring)

7 8 8 9 8

Table 6

Reformatted matrix of ranks of expert assessments М’ (Gij)

Service performance 
indicators

Expert Sum of 
ranks

Sk Skv(i)
1 2 3 4 5

Information processing 
speed

3 4.5 3 2.5 1.5 14.5 –3 9

Accessibility, usability, 
and interface design

1.5 1 1.5 1 3.5 8.5 –9 81

Reliability of criteria 
calculation

5 4.5 5 5 3.5 23 5.5 30.25

Full automation of 
calculations

5 4.5 5 5 5.5 25 7.5 56.25

Possibility of remote 
access

5 4.5 5 5 5.5 25 7.5 56.25

Option to save results 
for further work (mon-

itoring)
1.5 2 1.5 2.5 1.5 9 –8.5 72.25

Σ 21 21 21 21 21 105 – 305

Note: Sk – absolute deviation of the sum of ranks

 

Fig. 7. Criteria selection window for entering indicators
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Calculate the concordation coefficient using (8):

( )2 3

305
0.83.

1
5 6 6 5 14

12

W = =
⋅ ⋅ − − ⋅

	 		  (10)

According to calculations, it is obvious that the 
concordation coefficient W≠0. Thus, we can conclude 
that consistency between the opinions of experts is 
achieved. The obtained value of the concordation coeffi-
cient W=0.83 confirms the high efficiency of the devel-
oped EIA service.

With the help of the built-in function “PEARSON” in 
MS Excel (USA), the obtained data from the calculations of 
the concordation coefficient were checked for adequacy. In 
this case, Pearson’s calculated criterion was χ2=20.75 and 
was comparable to the tabular one (χ2)T=11.0705, which is 
defined for the number of degrees of freedom k=p–1=6–1=5, 
with a significance level of α=0.05. The calculated value of 
the Pearson criterion is almost twice as large as the tabular 
one, so it can be argued that the determined concordation 
coefficient (W=0.83) is not a random value, and the results 
obtained are reliable.

6. Discussion of results of the application of design 
mindset in the development of a prototype electronic 

service for environmental impact assessment

The above algorithm for quantifying the environmental 
impact assessment indicators of the planned activities (1) 
to (7) is based on the methodical approach of combining 
the Leopold matrix (Table 2), (1) to (5), and the assessment 
of integral indicators by the Harrington desirability func-
tion (6) to (7) (Table 3). This algorithm is a mathematical 
basis for the development of modules for calculating the 
electronic service for environmental impact assessment. Un-
like [1], where environmental impact assessment is carried 
out according to qualitative indicators, this algorithm makes 
it possible to move on to quantitative assessment.

The expediency of applying the design mindset approach 
in combination with the stakeholder approach to the develop-
ment of a prototype electronic service has been substantiated. 
In particular, the interface of the prototype of the electronic 
service ES EIA according to this approach was based on an 
analytical study of the opinions of stakeholders. About 46 % 
of respondents consider the prototype of the electronic service 
useful for quick processing of information on environmental 
impact assessment indicators. Unlike [9–11] where a design 
mindset is used taking into consideration the needs of end 
users, our result makes it possible to flexibly and compre-
hensively take into consideration the opinions of stakehold-
ers (Table 4). This approach has made it possible to develop a 
logical-structural scheme (Fig. 1) and a visual model (Fig. 2) 
of the prototype of the electronic service ES EIA, which made 
it possible to implement its demo version (Fig. 3–7).

The effectiveness of the EIA ES was evaluated by the ex-
pert method on a 10-point scale (Table 5). Unlike [7–9], 5 ex-
perts in the subject area of environmental impact assessment 
were invited to the assessment. The results of the analysis of 
expert questionnaires were statistically processed by the meth-
od of concordation (8), (Table 6), due to which confirmation of 
the high efficiency of the developed EIA service was obtained. 
The calculated concordation coefficient (W=0.83) (10) showed 

a high level of consistency of expert opinions, was tested for 
adequacy according to the Pearson criterion at a level of signif-
icance α=0.05.

The limitation of the use of the EIA electronic service 
is that its prototype is currently focused only on transport 
construction facilities and gas stations. Further development 
of this study is to cover a wider range of areas of the national 
economy and the possibility of interaction of databases on 
objects affecting the environment. However, the disadvan-
tage of this study is to take into consideration the opinions 
of all-specialized experts in the implementation of the design 
mindset approach.

Our research and results on the EIA ES design will form 
the basis of a single integrated methodological approach to 
making a decision on the planned activities of a business entity.

7. Conclusions

1. The algorithm for quantifying environmental impact 
assessment indicators of the planned activity, which is based 
on the use of the Leopold matrix and the Harrington de-
sirability function, is given. This algorithm was used in the 
development of calculation modules in the electronic service 
for environmental impact assessment EIA ES.

2. A modern interface of the prototype of the Elec-
tronic service for environmental impact assessment has 
been developed. For this purpose, theoretical analysis and 
generalization of approaches of the scientific direction of 
design mindset regarding the design of the architecture of 
computer software systems were carried out. The positions 
of stakeholders on the need, timeliness, and accessibility 
of the development of electronic service for environmental 
impact assessment by questioning were assessed. The results 
of the analysis showed the complete relevance of developing 
a software package based on an algorithm for quantifying 
environmental impact assessment indicators of the planned 
activities.

Taking into consideration the positions of stakeholders, 
a logical-structural scheme and architecture of the proto-
type of the electronic service have been developed, which 
are based on the positions of ensuring flexibility, optimi-
zation, ergonomics, and accessibility of the interface and 
processed data. An algorithm for selecting data from the 
EIA database has been constructed to perform calculations 
of environmental impact assessment indicators.

3. Expert evaluation of the functionality and interface 
of the EIA ES has been completed. For this purpose, the ex-
perts carried out interim testing of the prototype based on a 
real project for the reconstruction of a highway. Based on the 
results of expert evaluation of the performance indicators 
of the electronic service, it was concluded that the design 
mindset approach is effective. The reliability of the obtained 
results of the study was checked by the Pearson criterion 
and the consistency of expert opinions – by the statistical 
method of concordation.
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