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Abstract: Sustainable consumption and production strive for the rational management of natural
resources, which implies a transition to the production of fewer goods with the greatest consumer
value. Consequently, the consumer value assessment is a key task in the product and service
design. However, a large number of applied practices for assessing consumer value is a challenge
for researchers. Multiple heterogeneous solutions without a common classification and structure
do not allow comparing methods with each other. Thus, there is a demand for some universal
algorithm for assessing consumer value, which would be a model for the development of individual
industry practices. Therefore, the present research aims to develop a universal algorithm for assessing
consumer value, which is a unified sample. The work analyzes the current expertise in assessing
consumer value. The paper provides a comparison of mathematical tools for aggregate indicators
in order to develop a general formula for assessing consumer value. As a result, an algorithm
for assessing consumer value has been developed, which includes the following stages: market
segmentation by consumer groups, taking into account their personal characteristics and needs;
product hierarchical division into groups according to indicators valuable to the consumer; selection
of a scale for evaluating indicators; hierarchical convolution, calculation of the consumer value of
selected indicators and their aggregation into a final assessment in accordance with coefficients
obtained as a result of the initial data analysis. As part of the algorithm verification, an example
of the implementation of the algorithm steps based on expert assessment of the tourist product
characteristics is proposed. At the next stage of the study, a register of mathematical tools will be
specified to ensure the implementation of the algorithm steps, and practical testing on real data on
several products from different industries.

Keywords: consumer value; sustainable production; design for sustainability; aggregation methods;
risk management; digitalization

1. Introduction

The worldwide environmental degradation, overpopulation, and overproduction
crisis have led to a trend towards sustainable consumption and production. By 2020, about
700 national strategies have been announced as part of the Ten-Year Action Strategy for
the Transition to the Use of Rational Consumption and Production Models [1]. Sustainable
consumption and production strive for the rational management of natural resources,
which implies a transition to the production of fewer goods with the greatest consumer
value. Moreover, digital transformation has also changed the expectation of goods and
services. Consumers are focused on affordable, high-quality, and personalized products,
which makes customization necessary to maintain the competitiveness of companies [2].
The Industry 4.0 and Lean approach gives manufacturers access to extra-customization of
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goods through in-stock manufacturing, custom assembly, and custom manufacturing [3].
Thus, there is a transition from mass production to mass customization.

Therefore, in order to achieve a competitive edge, it is necessary to pick an individual
approach to customers, e.g., analyze their interests and features, purchase methods, etc. [4].
However, the shift towards sustainable consumption and production contributes to ad-
ditional risks. Production customization requires additional research and new tools to
support decision-making [5–7]. Enterprises are beginning to apply data mining and per-
sonal data analysis in order to increase customer loyalty [8]. When complete data are
available, it is possible to create user behavior models having the form of segmentation.
In this case, we are talking about understanding consumer buying patterns and needs,
or the customer knowledge value (CKV) [9]. The issue of analyzing consumer value in
the context of individual consumer groups requires new techniques and algorithms that
allow considering the product from the customer value perspective. Analyzing consumer
value, a company will be able to trace individual behavior and make the most acceptable
personalized offer. In the present instance, the personalized price and the personalized
offer will directly depend on the “consumer value” indicator. Upon that, the “consumer
value” will represent a quality balance, customization degree, and reasonable price.

A large number of applied practices for assessing consumer value is a challenge
for researchers. Multiple heterogeneous solutions without a common classification and
structure do not allow comparing methods with each other. The commitment to develop a
practical tool tailored to solving specific tasks is understandable and efficient within a highly
specialized issue. However, we are increasingly faced with complex products/services that
do not fit into the general concept of industry products. Therefore, there are two following
ways to resolve the situation: to develop a methodology for each product individually or
to develop a general theoretical algorithm that adapts to specified products/services. The
second way was selected within the current study. Thus, this research aims to develop
a universal algorithm for assessing consumer value, which would be a model for the
development of individual industry practices. It is assumed that the industry differences in
products and services do not change the algorithm logic, since it is based on the consumer
needs. In this case, the general formula for assessing consumer value will be uniform,
the fundamental difference will be at the level of coefficients and the implementation of
algorithm steps for a specific product.

The work analyzes the current expertise in assessing consumer value. Based on
the information received, the algorithm steps reflecting the psychological and functional
aspects of consumer value are identified. The paper provides a comparison of mathematical
tools for aggregate indicators in order to develop a formula for assessing consumer value
in a general way. The research outcome is an algorithm for assessing consumer value
implemented for packages of tourist products based on the following expert data: market
segmentation by consumer groups, taking into account their individual characteristics and
needs; product hierarchical division into groups according to indicators that are valuable
to the consumer; selection of a scale for evaluating indicators; hierarchical convolution and
a general formula for calculating consumer value development. At the next stage of the
study, a register of mathematical tools will be specified to ensure the implementation of
the algorithm steps and practical testing on real data on several products from different
industries. The project will provide grounds for the development of a common business
model for customer-oriented companies seeking lean manufacturing.

2. Materials and Methods

The article represents a theoretical study on the development of a general methodology
for assessing consumer value. Based on the literature review, a theoretical underpinning
for a general approach is being developed; therefore, it is important to describe the process
of selecting literature to be analyzed. Within the research, we were guided by the following
principles: the compliance of the article to the subject area, the compliance of the article to
the topic, the relevance of the article (the sources for the last ten years), and the presence of
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fundamental or unique results. It was necessary to provide a variety of methods for further
analysis of the aspects of assessing consumer value, so preference was given to articles
containing a comparison of several methods.

We have analyzed the articles from the Scopus scientific publication database by
the following keywords: consumer/customer value assessment/estimation, sustainable
production, sustainable consumption, customer satisfaction. The search for the given
keywords yielded plenty of solutions that related to the research topic only indirectly
(the vast majority of papers dealt with supply chains), so the decision was made to add
extra restrictions to the required sources. Since the purpose of the study is to develop
a formalized algorithm for calculating consumer value, it was agreed to limit queries
to subject areas using mathematical calculation tools. The economic, mathematical, and
other technical science disciplines were specified. Finally, we limited our research by
subject area: Business, Management and Accounting; Computer Science; Decision Sciences;
Economics, Econometrics and Finance; Multidisciplinary; Social Sciences; Mathematics.
When searching for sources, we tried to avoid strict limitations on disciplines and subject
areas, assuming we would find promising approaches in interdisciplinary works. As a
result of the study, 184 articles were found, each of which, to one degree or another, dealt
with the issue of the consumer value importance. However, only 10 of them included some
description of the approach to assessing consumer value and did not duplicate each other
in the aspects of interest to us.

3. Results
3.1. Consumer Value Assessment

The consumer value assessment is based on a comparative analysis of costs and
benefits perceived by the consumer, while determining value using the formula of the
benefits and costs ratio is not the best option, since it is univariate and does not take into
account the complexity of the value concept [10]. Therefore, the dual nature of consumer
value (economic and psychological) must be considered when assessing the value. In fact,
due to the complexity of the consumer value concept, it is mistakenly often compared
with the price of goods in the belief that the higher the price, the higher the value. At
the same time, pricing can be based on the product value estimation results [11]. This
approach describes the economic nature of consumer value, ignoring the psychological
one. The psychological nature of consumer value is expressed through functional, social,
conditional, emotional, and epistemological features of the product. As part of our research,
we are interested in the psychological nature as a perceived benefit acquired on the basis of
functional qualities. Functional benefit is considered as the ability of a product to satisfy a
set of needs.

The studies proposing approaches to measuring value in different fields have results
that cannot be compared, because they are tied to the specifics of the business, industry,
type of product, consumer, etc. [10,12]. This is the reason for the lack of a unified method
for assessing consumer value. Nevertheless, there are three approaches: monetary, non-
monetary, and synthetic. These methods can be applied taking into account all the factors.

When using the monetary approach, the task of consumer value cost estimation is
set. The approach reveals the structure of the consumer’s costs, and the economic value is
estimated as the benefit of purchasing the product compared to purchasing a substitute
product [10]. Thus, the value is taken as the economic benefit of choosing a product. Within
this approach, the dual nature of value, which includes the psychological aspect of customer
satisfaction, is not considered.

The non-monetary approach to assessing consumer value explores the correlation
between “perceived quality”, “perceived price”, “perceived value”, “satisfaction”, and
“loyalty”. The approach uses the model of the “value-based structures relationship”, which
highlights the relationship between quality, price, and value, as well as the fact that value
is the basis for satisfaction, which, in turn, is the basis for loyalty.
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Customer satisfaction can be assessed via the following methods: SERQUAL (subject
to the satisfaction assessment as a consequence of the service quality), Kano, CSI (customer
satisfaction index) [10]. Determining the correlation between the indicators of product
quality, service, relationships, and the degree of customer satisfaction is the purpose of CSI
indices development. The contribution of each factor to customer satisfaction is built using
statistical methods, such as factor and structural analysis.

The synthetic (integrated) method is used most often [10,12]. The value is estimated
based on expert assessments or consumer surveys (as in the non-monetary approach),
and then this index is compared to the price of the product on the “price-value” chart. In
this case, the price-value ratio is compared to the market leader: if the product point lies
above the leader’s line, the product has a competitive edge; if it lies below, the product is
poorly competitive.

The value can be assessed using the customer survey method [11]. There are several
approaches to it: a survey via direct questions (e.g., “How much are you willing to pay?”,
“What is the probability of your purchase at price X?”, “At what price difference would
you forgo purchasing product A in favor of product B?”) (*this method is applicable to
industrial trade, since consumers have complete information about the market), decompo-
sition method (survey via control points), and compositional approach (survey via direct
questions about the value of commodity properties). This method is sophisticated to apply
correctly, because all the rules of sociological research must be taken into consideration.
Instead of this method, the expert evaluation method can be applied. It is easier to imple-
ment, but difficulties are associated with the expert subjective assessment, because it is
most commonly carried out in manufacturing companies internally.

One of the methods of changing the loyalty program focus to different global types of
customers (Present-Oriented, Future-Oriented, and Past-Oriented) is to divide customers
into the following subtypes: Present-Hedonic, Present-Fatalist, Future-Oriented, Past-
Positive, Past-Negative [13]. The literature review performed allowed to determine each
type’s features that were used to develop personalized programs. Thus, the emotions each
customer type experiences the most vividly were identified (relaxation, surprise, joy for
Present-Oriented; excitement, hopefulness, motivation for Future-Oriented; sadness for
Past-Oriented). In fact, all the customers make purchases in the company for approximately
the same sum of money, but if loyalty programs are implemented considering customer
types and their features, their loyalty and value will increase. Developing the best loyalty
program for each customer type (long-term, short-term) in this way personalizes the
approach to each customer, which is the contemporary trend.

Before the loyalty formation, customers first form value, then satisfaction [10]. In this
case, the increase of the product value is based on its [value] psychological component (the
value consists of material and psychological aspects) [13]. This personalizes the approach
for each customer by making up an idea of them, then, taking into account the “bottlenecks”
of consumer psychology and mindset, forms an offer.

The approach to assessing the level of customer satisfaction can be traced on the
basis of the hotel business [14]. Travel behavior very much depends on the cultural group
(nationality*) of the hotel visitors. Satisfaction with tourism depends on the material and
psychological needs that vary according to tourists’ native countries and cultures, which
is why they experience different emotions and different levels of satisfaction. In this case,
the consumer value is evaluated variously due to the discrepancies in the material and
psychological aspects it is formed from. Thus, cultural features influence the consumer
value formation and evaluation. Evaluation models should take this fact into account
when assessing a multinational sample of consumers. A hybrid system based on fuzzy
numbers and a system similar to FTOPSIS (Fuzzy hybrid Technique for Order of Preference
by Similarity to Ideal Solution) was used as a methodology for calculating user satisfaction.

The development of a product that would meet the needs of the consumer is sup-
ported by the elaboration of the Quality Function Deployment (QFD) modification [15].
QFD converts the user’s needs into technical features, such as design requirements, quality
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parameters, and the product/service specifications. To design the system, TOPSIS (Tech-
nique for Order of Preference by Similarity to Ideal Solution) decision-making methods,
introducing a realistic view of the weight indicators of quality factors to meet the needs of
the consumer, were used.

The duality of the consumer value nature is described using the example of the
consumer value evaluation methods for cinema services [12]. The economic benefits
highlighted by the authors are as follows: a discount system, a loyalty program, various
bonus and cumulative systems, accommodation convenience, i.e., all factors that cut the
cost of going to the cinema. Assessing the satisfaction of service consumers is provided by
using the Kano method.

The Kano method identifies a list of needs that the service or a set of services under
study should satisfy. Then the customer requirements (attributes that exist in the con-
sumer’s perception; not specifications) for the service (set of services) that satisfy the needs
are highlighted. After that it is necessary to study the nature of the consumer’s perception
of these attributes.

A separate direction of creating and estimation of consumer value is co-creation.
An entire series of consumer value studies consider innovations in the field of products
and services in the context of customer experience management, thus creating long-term
emotional bonds with their customers. In this case, the task of a particular brand is to create
new meanings that would meet the desires of the client. However, the researchers note that
by getting more opportunities, consumers realize their role as contributors to the market
value, which leads to a partial loss of brand influence.

The category attribute is assigned through user surveys. The formation of the max-
imum possible consumer value is the task of the quality management system. Based
on the research conducted on the value of each attribute according to the Kano method,
the formation of maximum value becomes available. The results of research on factors
affecting the product/service value [13,14] are potential catalysts for making managerial
decisions to increase the product/service value. The task of the enterprise is to increase
its competitiveness [16], which can be achieved through value chain management and
quality management.

The general table of methods is presented below (Table 1).
There is no single formula and approach for calculating consumer value. To calcu-

late the product or service value, the specifics of the business, industry, type of product,
consumer, etc., should be taken into account. Thus, existing studies consider and describe
differences in the perception of value by consumers depending on different cultures [14],
specifics of consumer behavior [15] and so on. The most common approach to assessing
consumer value is the synthetic (integrated) one, which does not impose the method of
calculating the indicator. No method can be used for each product/service, i.e., there is no
unified method for evaluating and calculating consumer value, because they do not have a
multidimensional structure of customer satisfaction.

Moreover, we are talking about multifunctional value for the client. Using the example
of packages of tourist products, the possibility of meeting various customer needs is
considered, from the quality of the product, its safety to uniqueness and entertainment
attractiveness. The dual nature of consumer value defines the incentive for creating a
general assessment methodology that will allow translating qualitative assessments of the
psychological perception of a product in combination with functional characteristics into
quantitative assessments.
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Table 1. Methods of consumer value estimation.

№ Method Approach Description, Limitations,
Application Possibilities Formula

1 One-dimensional
[10]

The value is compared with the cost of
the product. The higher the price, the

higher the value.

2 Monetary [10] The value is taken as the economic
benefit of choosing a product. CV =

Direct Bene f its+Additional Service
Direct Sacri f ices+Relative Sacri f ices × 100%

2.1 Economic value to the
customer (EVC) [17]

The additional value is measured by
what a consumer can gain from a new

product compared to the value they gain
from the current product.

EVC =
(Total cost o f ownership o f existing product)−
(Total cost o f new product or competitors product)

3 Non-monetary [10]

The consumer value is measured as the
correlation between “perceived quality”,

“perceived price”, “perceived value”,
“satisfaction”, and “loyalty”.

4
Synthetic (integrated)

[18–21]

The value is estimated based on expert
assessments or consumer surveys (as in
the non-monetary approach), and then

this index is compared to the price of the
product on the “price-value” chart. The

“price-value” model identifies the highest
price of the product as its value.

CV = (Quality)×(Trust)×(Assortment)×(Services)
(Response Price)×(Time)

CV =
Perceptions o f bene f its
Total cost o f ownership × 100%

CV =
Quality×Service

Cost×Time

4.1 Relative consumer
value [20]

The value is estimated as a price that a
consumer is willing to pay for a unit

of goods.
CV = Price rate

Quality rate

5 Value of co-creation

The value is estimated based on the
presence of an emotional connection,
obtained due to the brand’s ability to

manage customer experience.

3.2. Aggregation Methods

Any unified system or approach is based on clear rules, most often described by
mathematical tools. Considering that consumer value as a combination of the indicators
ranges from psychological perception to the product or service quality, it is necessary to
select a unified system for evaluating these indicators. Thus, it should resemble a system
with a point or rating structure as the most common option for analyzing quantitative
and qualitative indicators. Moreover, the system of indicators should come to a unified
assessment of the consumer value final indicator. The approach with regard to multiple
indicators in a unified assessment is called aggregation [22] and requires additional analysis
before developing an approach to assessing consumer value. The analysis and comparison
of the aggregation methods are given in Table 2.

The linear weighted method can be applied for aggregation in simple groups of in-
dicators with conditionally equivalent elements without their strong correlation, so it is
inappropriate for calculating tourist products, since tourist elements are not equivalent,
and this method contains constant coefficients. A certain spectrum has a greater impact
than others. For example, the housing availability and comfort are more important to a
tourist than the souvenir availability in certain destination. The A.A. Denisov Information
Approach is designed for tasks with the features having many intercorrelations. So, de-
pending on whether a certain criterion changes, other criteria will also change, and so on.
In this task, tourist products do not have specific and strong correlation with each other, so
this approach is not appropriate.
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Table 2. Aggregation methods.

№ Method Approach Description, Limitations,
Application Possibilities Formula

1
Linear weighted
method [23,24]

The method based on assigning constant weight
indices to indicators and indicator nested groups,
followed by calculating a complex estimate by
scalar multiplication of the vector of indicator

coefficients by the vector of indicator estimates.

Linear convolution
K(x) =

n
∑

j=1
ajkj(x)

∑ aj = 1
Best solution

x∗ = arg max K(x)

Linear convolution
method [25]

The linear method uses weight indices that
assess the importance and priority of each

criterion over the others.

2 PATTERN method [26–28]
It defines the order, methods of formation, and

evaluation of the goal structure
element priorities.

3 A.A. Denisov Information
Approach [29]

The approach is based on a multi-level hierarchy
of indicators; to aggregate indicators within a

group, each element is assigned both an absolute
weight value and an importance value

depending on the other elements’ values.

4
Saati Hierarchical Method

(Hierarchy Analysis
Method) [25,30,31]

The method is based on a pairwise comparison
of indicators within one group and alternatives

for individual indicators.

5 Modified Hierarchy Analysis
Method [32,33]

The method is based on a rationally balanced
approach. Within the method, each element of

the hierarchy is directly evaluated on a 10-point
scale: 10, 9-very high; 8, 7-high; 6, 5-average;

4, 3-low; 2, 1-very low.

Kj =
wj

∑n
i=1 wi

Kj-priority importance coefficient
n- the number of elements

wi, wj- importance assessment of the
elements

6 Ontological approach [34,35]

The approach is to consider nonlinear pairwise
and group relationships within groups of

indicators. Each combination of indicator values
is compared to the value of a complex indicator.
The approach is defined by a set of conditional

logical rules.

7
Fuzzy logic methods group
(fuzzy complex estimation

procedures) [36]

It is combined with an ontological approach and
applied for the expert evaluation with no

quantitative expressions.

8 Multiplicative
convolution [24,32]

It is based on the principle of fair compensation
for relative changes in particular criteria. It is
formed by simple multiplication of particular

criteria in the case when they have the
same importance.

K(x) =
n
∏
j=1

(
kj(x)

)aj

Best solution
x∗ = arg max K(x)

9

Maximin convolution,
Hermeyer’s convolution

[24,32]

The decision is made according to the worst-case
scenario. It corresponds to the pessimism

strategy, since the decision-maker reckons upon
the worst circumstances when

evaluating alternatives.

K(x) = minKj(x)→ max
x∗ = arg max min K(x)

Weighted maximin
convolution [32]

Weighted maximin convolution to rationalize
particular objective functionals. K(x) = minKj(x) ∗ aj → max

10 Goal programming [24,32]
The method focuses on searching the point

closest to the ideal on the Pareto set boundary,
which is the smallest deviation from the target.

11 Main criterion method [32]

One of the criteria is considered the main, and
optimization is performed according to it, while

the remaining criteria are translated
into constraints.

k1 → max for f1 ≥ fi mini = 1, . . . ,n
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The Saati Hierarchical Method (Hierarchy Analysis Method) compares criteria within
one nested group, which imposes certain limitations. Thus, the method is based on
a rationally balanced approach. Comparisons are carried out in an expert way, while
the subjective expert assessment is the method’s restrictive element, which should be
balanced by obtaining additional information further. In the common version of the
method, a comparison is made in “each with each” mode, which imposes limitations
on the size of the indicator group and a set of alternatives for comparison. There are
modifications of the method that allow reducing the number of pairwise comparisons
while maintaining the computational stability. Although a hierarchical model will be built
further, the modified hierarchy analysis method is too abrupt. In this case, it is difficult to
distribute the importance points of the 10-point scale by elements.

Maximin convolution (selection by the worst criterion), and Hermeyer’s convolution
use the pessimism strategy. In this case, the method is not the best one, since with its help
the enterprise will be able to identify a product or service that is not of particular value to
a consumer.

The main criterion method allows improving only by one, the main criterion. However,
due to the fact that the target audiences are different, it will be difficult to identify the
main criterion. This method is not appropriate. The PATTERN method, linear convolution
method, ontological approach, multiplicative convolution, and goal programming are more
appropriate methods for forming the tourist products value for the consumers’ part.

The ontological approach implies qualitatively described relationships between ele-
ments, which imposes additional restrictions on the size of indicator groups [34,35]. More-
over, the non-linearity of the relationships between the elements leads to additional com-
plexity of the mathematical evaluation of system indicator variety. In this case, it is necessary
to choose a simpler solution to translate quality indicators into quantitative estimates.

The PATTERN method allows goals to be clearly articulated by levels [26–28]. It is
used to evaluate a system of indicators in a hierarchical form according to an established
template with pre-provided recommendations for the weight coefficient distribution within
groups of indicators. Such an approach is able to become a reasonable basis for strategies
in the simulation agent model. However, this method implies a high degree of detail and
can only be applied to well-studied homogeneous groups of users. On the one hand, the
assessment by this method will be more accurate, but on the other hand, collecting data on
the behavior and goals of each individual user group will require significant resources.

Goal programming allows determining the most suitable option for the criterion with
the smallest deviation from the goal, which is applicable to categories of tourists who make
short trips with specified goals (attending an event, shopping) [24,32]. However, most
tourists pursue several goals at once (rest and recreation, rest and event attendance, and so
on), which necessitates the selection of a method that considers a set of indicators.

Let us compare linear and multiplicative convolution. Advantages of using additive
convolution: it translates absolute values into relative ones, which allows comparing
heterogeneous criteria; it brings the criteria value to the range [0; 1] of the absolute scale,
which allows for permissible algebraic operations in it. Specifying the criterion proportion
from its maximum value allows comparing the estimates obtained in different scales. The
main difference is that a low score on one of the indicators with multiplicative convolution
will significantly affect the overall score, while with linear convolution, the value of one
indicator does not significantly affect the overall score [23–25,32]. As part of the tourist
product evaluation, multiplicative convolution will allow the most balanced options to be
immediately identified, minimizing the possibility for the situation in which one of the
components spoils a good impression of everything else during the vocation. Moreover,
this approach immediately focuses the tourist product owners’ attention on the main
drawbacks, which allows making informed managerial decisions on further development
and financing. As a result, the multiplicative convolution was selected from the methods
considered. It is used for any number of indicators, independent correlations between
criteria, and equal features.
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3.3. Description of the Approach

The assessment of consumer value is based on the needs of certain groups of tourists.
Within the study, four enlarged groups were identified as an example of market segments
with individual features and characteristics. We propose to divide all tourists into segments
according to demographic, social, behavioral, and psychographic features. Such features
are age, living standard, income level, hobbies, and opportunities. Thus, the division of
tourists will allow considering the target audience in more detail, as well as to identify the
needs of different groups of consumers.

Within the study, four categories of tourists were identified [37]:

1. The first segment includes people whose income level is average or below average.
The purpose of their trips is to fully enjoy all the amenities at the lowest possible
price. This segment is attracted to a stable environment that does not require a change
of habits. This applies both to accommodation (it should provide all the amenities
that tourists are used to at home) and food, which should be focused on international
cuisine. Staying in hotels of low categories, they, at the same time, show a great
interest in various kinds of recreation, nightclubs, bars. In most cases, this category
performs short-distance travel, mainly to the nearest seaside.

2. The second segment of the tourist market includes people with above-average income
(upper middle class). Such tourists commonly have higher education. The main
purpose of the trip for them is rest in combination with cognitive interests, while the
second motive is in choosing the destination. As previously stated, the main motive of
their trip is rest: outdoor activities that give the opportunity to do sports, take guided
tours, visit theaters and concerts. This market segment includes long-distance travel
enthusiasts who are interested in the culture and customs of the country visited. Since
the cognitive motive prevails among these tourists, they can accept the lack of comfort
when visiting the region of interest to them. However, this does not mean that such
tourists are not demanding of the accommodation and food quality at all.

3. The third segment is formed by high-income individuals. Since they have higher
education in most cases, they are interested in study tours, striving for a change
of impressions. There are two age categories: middle and “third” age. If people
of the “third” age travel in groups, middle-aged tourists prefer individual trips or
trips with small groups of friends and acquaintances. For this segment, a long-
distance trip lasting 2–3 weeks is the most common option. Tourists are interested in
purchasing souvenirs;

4. The fourth segment consists of highly educated people who are interested in studying
nature, culture, lifestyle, and customs of other nationalities. It is formed by people of
various age categories and with different income levels, but they are ready to spend
significant funds on travel, often using their savings. The main factor uniting this
group of tourists is the desire to acquire personal experience. If the purpose of the
trip is to get acquainted with the other nationalities’ lifestyle, then tourists live among
local residents, eat their food, and show a great interest in folklore. This segment of
the tourist market is quite small, but it has grown significantly in recent years and is
tending to grow further.

In addition to the consumer’s view, it is possible to classify products by offer segments,
i.e., to apply a structured approach and combine common and essential tour products into
global segments of the tourism industry in a vacation destination.

Based on the structure of tourists’ expenses and the description of tourist products in
the WTO methodology, several main segments of the tourism industry were considered [38]:

1. Transport;
2. Accommodation;
3. Food;
4. Leisure and recreation;
5. Additional services.
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Then the decision to divide these segments into component parts, on which the con-
sumers interest depends, was made. This was done via a hierarchical model (Figures 1–5).
The transport segment is responsible for both making the convenient transportation when
travelling (public transport) and transportation to destination (planes, trains) (Figure 1).

Figure 1. Transport infrastructure.

Figure 2. Accommodation segment.
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Figure 3. Food segment.

Figure 4. Leisure and recreation segment.

Figure 5. Other factors.

Table 3 provides a description of the indicators.
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Table 3. Transport.

Symbol Name Area Decryption

T Transport infrastructure [1,5] Indicator that characterizes the consumer value of
transport services

T.1 Transfer
(airport/train station) [0,1] Indicator that characterizes the availability of transport

infrastructure of arrival and departure

T.2 Public transport [0,1] Indicator that characterizes the availability of transport
infrastructure within the city

T.3 Rented transport [0,1] Indicator that characterizes the availability of rented
individual transport

T.4 Taxi [0,1] Indicator that characterizes the availability of taxi

T.5 Transport rent interchange 0/1 Binary point that is set for the presence/absence of transport
rent interchange

T.2.1 Water transport 0/1 Binary point that is set for the presence/absence of ships, boats
T.2.2 Underground transport 0/1 Binary point that is set for the presence/absence of metro

T.2.3 Ground transport 0/1 Binary point that is set for the presence/absence of bus,
trolleybus, tram

COST Cost [0,1] Point that is set for cost of transport

As far as translating qualitative indicators into quantitative ones needs a single ap-
proach for further consistency of the results, it was decided to set a range of values from
0 to 1. Such a range of values allows switching to binary indicators 0 or 1, if needed.

Accommodation is an important segment of the tourism industry and consists of many
aspects, which are the district elitism, accessibility of parks, shopping malls, or other shops,
and the accommodation comfort (Figure 2). Different groups of tourists need different
accommodation conditions: some need a hostel, and some need a 5-star hotel. This will
also affect the needs of consumers and, accordingly, the services provided by companies
and organizations.

Table 4 provides a description of the indicators.

Table 4. Accommodation segment.

Symbol Name Area Decryption

A Accommodation [1,5] Indicator that characterizes the consumer value of
the accommodation

A.1 Type of housing [0,1] Indicator that characterizes the type of housing

A.2 Consumer infrastructure [0,1] Indicator that characterizes the availability of
consumer infrastructure

A.1.1 House 0/1 Binary point that is set for the presence/absence of house
A.1.2 Apartment 0/1 Binary point that is set for the presence/absence of apartment
A.1.3 Hotel 0/1 Binary point that is set for the presence/absence of hotel
A.1.4 Hostel 0/1 Binary point that is set for the presence/absence of hostel
A.1.5 Camping 0/1 Binary point that is set for the presence/absence of camping

A.2.1 Green territory 0/1 Binary point that is set for the presence/absence of
green territory

A.2.2 Medical institutions 0/1 Binary point that is set for the presence/absence of
medical institutions

A.2.3 Shopping malls 0/1 Binary point that is set for the presence/absence of
shopping malls

A.2.4 District class [0,1] Point that is set for type of district
COST Cost [0,1] Point that is set for cost of housing

The tourism industry food sector involves individual nutrition: ready meals (food
service) and grocery shops (Figure 3). As for the tourists living in a hotel, the food aspect is
included in the accommodation segment in this case.

Table 5 provides a description of the indicators.
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Table 5. Food segment.

Symbol Name Area Decryption

F Food [1,5] Indicator that characterizes the consumer value of eating factors
F.1 Products [0,1] Indicator that characterizes the availability of food shops
F.2 Local eating places [0,1] Indicator that characterizes the availability of local eating places

F.2.1 Type of place [0,1] Point that is set for type of place
COST Cost [0,1] Point that is set for cost of products
VAR Variety [0,1] Point that is set for variety of products
NAT National features 0/1 Binary point that is set for the presence/absence of national features

The segment includes various attractions that can be found only in a particular desti-
nation, as well as various recreation programs (Figure 4).

Table 6 provides a description of the indicators.

Table 6. Leisure and recreation segment.

Symbol Name Area Decryption

D Leisure and recreation [1,5] Indicator that characterizes the consumer value of leisure
and recreation

D.1 Historical landscaping [0,1] Indicator that characterizes the cultural and historical value
D.2 Natural features [0,1] Indicator that characterizes the location features

D.3 Sports, music and other events 0/1 Binary point that is set for the presence/absence of
entertainment events

D.4 Wellness holidays [0,1] Indicator that characterizes the availability of
wellness recreation

D.5 Shopping [0,1] Indicator that characterizes the availability of special
conditions for shopping

D.2.1 Unique objects 0/1 Binary point that is set for the presence/absence of
natural objects

D.2.2 Unique zones 0/1 Binary point that is set for the presence/absence of
natural zones

Additional factors include the possibility of a visa fee (if the destination requires it), the
resort popularity (accommodation and events congestion), and natural factors (Figure 5).

Table 7 provides a description of the indicators.

Table 7. Additional services and factors.

Symbol Name Area Decryption

E Other factors [1,5] Indicator that characterizes the consumer value of additional
factors and services

E.1 Visa fees 0/1 Binary point that is set for the presence/absence of visa fees
E.2 Popular resort [0,1] Indicator that characterizes the popular resort
E.3 Natural factors [0,1] Point that is set for weather and frequency of catastrophic events
E.4 Number of tourists [0,1] Point that is set for amount of tourists

Thus, based on the selected segments of the target audience and the compiled hierar-
chical model, it is possible to estimate the consumer value according to the formula:

Consumer value = Tα ×Aβ × Fγ ×Dϕ × Eω (1)

where α, β, γ, ϕ, ω are coefficients reflecting each indicator’s significance in the overall
assessment. These coefficients are determined experimentally based on the initial data and
are in the range of [0,1].

The simplest way to calculate coefficients is component analysis, already successfully
used to assess the impact of various parameters on consumer value [39]. It consists in
detecting the relationship between the selected parameters and the final indicator. Factor
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analysis allows determining the degree of impact of each of the parameters on both the
final result and each other. Factor analysis can be divided into deterministic and stochastic
analysis. Stochastic analysis allows analyzing the existing indirect relationships. The
method is used if it is impossible to find direct connections; therefore, it is used as an
additional stage of data analysis. An indirect connection implies a change in the argument,
followed by a change in several indicators at once. It is often sufficient to use deterministic
analysis, which analyzes direct connections [40].

To shift the assessment into a 5-point scale, it is possible to estimate the consumer
value according to the formula:

Consumer value = (Tα ×Aβ × Fγ ×Dϕ × Eω)
1/5

(2)

4. Discussion

The approach developed within this paper is based on market segmentation into
consumer groups according to their features and needs. The division is based on actual
behavior, i.e., the cost structure, the class of selected goods and services, and personal
attributes such as age, income and education levels. This approach allows considering the
needs of consumers in enlarged groups but guarantees a personalized approach due to
the possibility of dividing consumer segments into smaller nested groups. Then subjec-
tive characteristics of the cultural characteristic type can be reflected at the segmentation
level [14]. Therefore, the degree of personification can vary depending on the product
under consideration, which provides flexibility in assessing consumer value. In comparison
with existing studies, the developed approach does not focus on the impact of price [9,10].
The essence of the approach lies in the product quality evaluation through satisfaction and
perceived value [41]. The selection of parameters and the establishment of dependencies
between them are carried out via factor analysis [39].

At this stage, the algorithm does not include the possibility of taking into account the
influence of the brand, customer loyalty and their feedback [10,12,13]. There are two reasons
for this. First of all, it should be considered that consumers tend to give feedback [11] when
adverse situations occur and rarely evaluate the product or service benefits. Thus, there is a
possibility of value elements distortion. The second reason is that the algorithm is planned
as a tool for designing consumer value with an emphasis on quality while omitting the
effects of brand satisfaction or loyalty to it. However, these parameters should certainly be
included as part of further work on the algorithm.

Thus, the developed algorithm is based on the concepts and tools (factor analysis
to determine correlations between parameters and the value of consumer value [39]) of
existing approaches, reflecting the most complete and at the same time easily scalable
and adaptable vision of consumer value. In this case, the concept of price influence is
certainly taken into account for each individual product, not in contrast to other functional
characteristics, but as one of the equivalent elements of the indicator set. At the next
stage of the study, a register of mathematical tools that ensure the implementation of the
algorithm steps is to be developed, and practical testing on real data on several products
from different industries is to be carried out.

5. Conclusions

As part of the study, an algorithm for assessing consumer value, which is a key tool
for the transition to sustainable production, was developed. The developed solution is
based on the concepts and tools of existing approaches and reflects the most complete
and at the same time easily scalable and adaptable vision of consumer value. Within
the research, existing practices for assessing consumer value were analyzed. The paper
provides a comparison of mathematical tools for aggregate indicators in order to develop
a formula for assessing consumer value in a general way. The research outcome is an
algorithm for assessing consumer value implemented for packages of tourist products
based on the following expert data: market segmentation by consumer groups, taking
into account their individual characteristics and needs; product hierarchical division into
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groups according to indicators valuable to the consumer; selection of a scale for evaluating
indicators; hierarchical convolution and a general formula for calculating consumer value
development. At the next stage of the study, a register of mathematical tools that ensure
the implementation of the algorithm steps is to be developed, and practical testing on real
data on several products from different industries is to be carried out. The study is part
of a project to develop industry-specific production models for client-oriented companies
seeking lean manufacturing.
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