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1. Introduction

Development of new products is a strategic stage in 
successful functioning and expansion of food enterprises. 
However, competitive advantage in a dynamic market can-
not be achieved and maintained only by manufacturing a 
product that would comply with requirements of norma-
tive documents. Lack of knowledge about real demands of 
consumers when offering new products for sale may lead to 
adverse consequences for the manufacturer [1]. For example, 
according to research findings of General Motors (USA), 
development and manufacture of products entails a rule of 
tenfold expense: if a mistake was made at one stage of the 
product life cycle and was revealed at the next stage, it would 
cost ten times more to correct it than if it had been revealed 
in due time. If it was detected past one stage, it will cost 
100 times as much, and if two stages have already passed, its 
correction will cost 1,000 times more, and so on. If all the 
stages proceed correctly, the result will meet the established 
requirements. A Japanese proverb says: “The tree grows de-
pending on the branch bending”. In the context of this study, 
it means that a decision at the initial stage of the product 
development has to be the most responsible [2].

Thus, during the stage of developing food products, more 
attention should be paid to using modern scientific methods. 
Nowadays, there are low-cost but effective methods that help 
reveal consumer expectations of any new product and imple-

ment them faster than it can be done by competitors. More-
over, if the manufacturer used to produce a limited batch 
of new goods during the time of studying the demand and, 
thus, wasted precious time and costs, nowadays consumer 
response can be researched even by applying a virtual model.

The most effective model of transferring consumer de-
mands into quantitative characteristics of a new product is the 
methodology of quality function deployment, which is usually 
used alongside sociological marketing methods, bench-mark-
ing and other instruments of quality management [1].

This methodology is used to determine consumer re-
quirements for a new product, to reveal the most important 
and persistent ones among them, and to transfer these re-
quirements into quantitative technical characteristics of the 
product. The peculiarity and advantage of using this meth-
odology is to elicit not only overtly surveyed requirements 
for the product but also those subconscious requirements 
meeting which can enable an enterprise to win the market 
competition by offering the consumer a product with unique 
characteristics [3, 4].

2. Analysis of the reference literature and statement of 
the problem

Quality function deployment (QFD) is a methodology 
that represents an unconventional Japanese tactic of a sys-
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tematic and structural transformation of consumer wishes 
into technical requirements for product quality [4].

The methodology of quality function deployment was 
developed in 1966 by Dr Yoji Akao and was first practi-
cally used by Matsushita Electric as its “quality assurance 
plan”. In 1978, the Japanese scientists Dr Yoji Akao and 
Dr Shigeru Misuno published their first monograph on 
quality function deployment, and in 1987 a collection of 
works was edited by Dr Yoji Akao and published in Japan 
on the experience of using this methodology in various 
industries [1, 5–7].

Since 1977, this methodology has been persistently 
used by Toyota Motor Corporation [5–7]. In 1983, the 
methodology of QFD was introduced in the USA, and 
slightly little it started being applied in Europe. Today the 
QFD methodology is successfully used in Japan, the USA 
and Europe, which has facilitated significant achievements 
of world-known companies such as Rank Xerox, Ford, Mo-
torola, and Digital [2]. The future of the QFD methodology 
means its application as an integral part of total quality 
management (TQM), which is a more advanced level of 
quality management in comparison with the ISO 9000 
series of quality standards.

The problems of quality management are especially cru-
cial for sophisticated multi-stage technological processes of 
manufacturing products in which the resultant components 
are combined in particular proportions and the obtained 
mixture is affected by various technological operations to 
achieve the necessary properties, shape, and size. Such tech-
nologies are used in the food industry [7–11].

The key factor of success achievable by a food enterprise 
through introduction of a new product onto the market is a 
conformity between the main characteristics of the product 
and consumer needs. Client-oriented food products devel-
opment puts consumers at the centre of the process of de-
ploying products and production technologies that serve as 
instruments of achieving consumers’ favour [12].

Application of the quality function deployment method-
ology at a food enterprise can help [13]:

– formalize the procedure of determining the main char-
acteristics of the product that is developed with regard to 
consumers’ wants;

– make well-grounded decisions on managing the quali-
ty of the new product development processes;

– minimise correction of the product parameters after its 
appearance on the market;

– provide high value and simultaneously relatively low 
price of the product at the expense of minimising non-pro-
duction costs.

Thus, the QFD methodology is one of the main ways of 
achieving and sustaining business competitiveness because 
in order to survive on the products-flooded market an en-
terprise has to offer new products and maintain their high 
quality.

However, so far Ukrainian manufacturers of food prod-
ucts still lack the systematic experience of using this meth-
odology. At the same time, many contemporary representa-
tives of the food industry are strategically oriented towards 
production of healthy foods. Despite the intentions, the 
range of Ukrainian-made food products is limited and open 
to broadening and optimization. That is why the prospect 
of this research is to structure the quality function of a new 
food product by the example of grain crackers for health im-
provement and care for consumer demands.

3. The purpose and tasks of the research

The aim of the present study was to develop a new grain 
product for a healthy diet on the basis of the quality function 
deployment methodology.

The stated purpose was achieved by solving the follow-
ing two tasks:

– to reveal conscious and subconscious requirements of 
consumers in order to transform consumer wants into quan-
titative technical characteristics of the grain product;

– to determine priorities in optimising a new product, 
namely to reveal those consumer preferences that must be 
necessarily taken into account while developing grain crack-
ers so that this product could comply with the demand for it 
among potential customers.

4. Materials and methods of research

QFD-based development of the new product comprised 
the following stages [3, 4]:

(1) determining consumer requirements for new compet-
itive products;

(2) processing and ranking consumer requirements;
(3) composing a list of the most important technical 

characteristics of the product to be developed;
(4) assessing the degree of closeness in the paired inter-

actions between consumer requirements and the product’s 
technical characteristics;

(5) determining an interrelation between the product’s 
technical characteristics; 

(6) developing the new product concept;
(7) devising the technical task for the product.
The given methodology includes application of quality 

management instruments such as an affinity diagram, a tree 
diagram, and benchmarking. Consumers’ requirements for 
the product quality are shown stage by stage, beginning with 
the estimated necessity to offer the product on the market 
and finishing with the ways of quality control [3, 14, 15].

5. The results of implementing the QFD methodology

According to the algorithm of implementing the QFD 
methodology, the first stage includes conducting marketing 
research on consumers’ preferences for the developed prod-
uct with the purpose to collect information. The survey, 
however, is mostly aimed at studying consumers’ opinions 
about already known characteristics of goods, which is not 
enough for creating a new competitive product. According to 
William Deming, the consumer expects to obtain only the 
thing that producers or their competitors “have allowed” to 
expect [16], which entails a necessity to understand consum-
ers’ real needs if consumers themselves do not know them.

Therefore, our questionnaire was developed by the meth-
od once suggested by Noriaki Kano, a professor at the Tokyo 
University of Science. In 1984, the Japanese scholar developed 
a concept of attractive quality creation and a questionnaire 
thereupon aimed at revealing product characteristics that 
appeal to the consumer. The questionnaire allows dividing all 
requirements for a product into three types: must-be, one-di-
mensional, and attractive. These three characteristics should 
satisfy three corresponding types of demands, which, according 
to the Kano model of customer satisfaction, are divided into ba-
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sic needs, linear satisfiers, and delighters [16]. The first group of 
product characteristics (must-be requirements) is understood 
by consumers as implied, self-evident, or taken for granted. 
Complying with the must-be requirements hardly increases the 
product value, but non-compliance with them sharply reduces 
it (Fig. 1). The second group of characteristics is “quantitative”, 
which entails that the consumer satisfaction (i.e. the conscious 
consumer valuation) increases to the extent of quantitative im-
provement of the corresponding parameter. The third group of 
characteristics has been called “attractive”, or “surprising” [17].

The characteristics of desirable quality are highly valued 
by consumers and greatly capable of 
creating substantial long-term compet-
itive advantages for a manufacturer. 
Consumer satisfaction increases when 
the parameters of quality value of the 
offered product surpass expectations. 
Discontentment appears when the pa-
rameters of quality value of the offered 
product are below consumer expecta-
tions. Thus, it is necessary to reveal all 
conscious and subconscious needs of the 
consumer concerning the product at the 
first stage of developing it so that the 
product could become competitive on 
the consumer market.

Answers to the open question “Plea- 
se list your preferences on the quali-
ty of grain crackers” revealed a list of 
consumer requirements for the expected 
products. Since consumers stated their 
preferences in an abstract form, the re-
sponses were further processed by the 
method of compiling a “consumer voice” 
table in which the consumers’ require-
ments were identified, simplified, and 
specified. Generalisation and classifica-
tion of consumer requirements resulting 
from the questionnaire survey were de-
rived with the help of two instruments 
of quality management – an affinity 
diagram and a tree diagram [3, 4].

First, the affinity (similarity) diagram was used to sys-
tematise and process all the requirements expressed in the 
“consumer language”, which allowed to determine dubbing 
and complementarity preferences as well as to reveal con-
tradictory requirements. As a result, the number of require-
ments was reduced by omitting identical preferences and 
generalising similar ones.

The next stage of the quality function deployment was 
to rank the consumer requirements. The tree diagram was 
used to classify the surveyed requirements into expected, 
expressed, and unexpected (Fig. 2).

As it has been stated before, the expect-
ed requirements for a food product must in-
clude obligatory safety and compliance with 
normative documents. Consumer require-
ments, however, are always contradictory 
and impossible to meet entirely while creat-
ing a product; thus, it is important to know 
what requirements must be satisfied while 
partially disregarding the other ones [3, 
4, 14, 15, 18]. Therefore, the requirements 
listed in the tree diagram were prioritized. 
For this purpose, the surveyed consumers 
were addressed again to determine the sig-
nificance factors of the consumers’ prefer-
ence indices at a five-point scale, namely:  
5 – very valuable; 4 – valuable; 3 – less 
valuable but nice to have; 2 – not very valu-
able; 1 – not valuable at all [4].

By rating the consumers’ require-
ments, we have determined the following 
most important preferred characteristics 
of grain crackers: taste, content of BAS  Fig. 1. The Kano model of customer satisfaction

 

Fig. 2. The tree diagram of consumer requirements
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(biologically active substances), health improvement effect, 
safety, and low price. The results of the consumers’ require-
ments, i.e. their priorities, were listed in special graphs of a 
“quality house” (Fig. 3).

The method of benchmarking was used to determine the 
comparative value of a competitive type of products developed 
by a well-known trade brand of grain crackers. However, 
unlike in traditional benchmarking of products, this stage in-
cluded comparison of competitive systems beyond the techni-
cal characteristics: it dealt with the rate of consumer satisfac-
tion with a range of product characteristics. The consumers’ 
survey findings were transferred into a five-point scale and 
displayed in the “veranda” of the “quality house” (Fig. 3).

The results of the “Improvement extent” column were 
obtained according to the equation [4]:

Improvement extent=
=target rate : consumers’ valuation.  (1)

Significance of each expectation expressed by the con-
sumers was determined by the following equation [4]:

Expectation significance=
=importance rate x improvement extent.  (2)

Studying normative and technical documents resulted in 
determining the technical characteristics of the grain crack-
ers with regard to the consumers’ wants and expectations. 
The results were registered in the “ceiling” of the “quality 
house”; they were: protein content, starch content, cellulose 
content, BAS content, moisture content, energy value, acid-

ity, strength, safety indices, number and type of additives, 
type of grain, proactive properties, shelf life, and price.

The strength of connections between the consumers’ re-
quirements and the technical characteristics was registered 

in a matrix that is shown in the central 
“room” of the “quality house” (Fig. 4). 
Empty cells in the matrix refer to absence 
of any connection between the consum-
ers’ expectations and the technical char-
acteristics of the product. If there was an 
interrelation, a symbol was entered into a 
cell to specify the strength of connection. 
Besides, each feature was calculated as 
a criterion that took into account the 
importance of strength in the interrela-
tion between a particular feature of the 
product and the requirements’ priority 
suggested by the consumers.

The numerical data on the impor-
tance of strength in the feature-priority 
interrelation for each technical charac-
teristic of the product were determined 
by the following formula [4]:

Interrelation importance=interrela-
tion strength x significance, % (3)

The transfer of the consumers’ re-
quirements into the technical character-
istics shows that the balanced chemical 
composition of the product depends on 
the following factors: the chemical com-
position of the product (protein, starch, 
cellulose, and BAS content), the type and 
amount of the additives, the main grain as 
raw material, and presence of prophylac-
tic properties of the finished product. The 

health improvement effect of a new product depends on the 
type of the main raw material and enriching additives as well 
as BAS and cellulose contents in them. The indices of safety 
and energy value of the finished product directly influence 
the health effect of the product.

The strength of interrelation between the technical pa-
rameters is represented by the elements of a triangular ma-
trix in the “roof” of the “quality house”. The cells of the roof 
are filled with data on the way the technical characteristics 
are interrelated with one another. Due to the fact that some 
technical characteristics are interrelated, it was technically 
impossible to shift the interrelated variables to sides. That is 
why each cell of the roof was filled with one of the following 
signs (empty or ● or ○ or ∆) to develop an exhaustive picture 
of the dependencies.

The next stage concerned determining demand pri-
orities. Priorities in optimising the new product were 
determined by generalising the data on the strength of 
interrelations between the technical characteristics of 
grain crackers and the consumers’ requirements; the find-
ings filled the “cellar” of the “quality house”. The results 
show that the primary concern in developing new grain 
crackers should be consumer requirements for the resulting 
material, namely the whole grain and natural enriching 
additives to develop a safe product with a longer shelf life 
and, primarily, a prophylactic purpose on the basis of high 
content of BAS.

 
Fig. 3. Importance ranking of customer requirements
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6. Analysis of the research findings on  
a new grain product as healthy food developed on  

the basis of the methodology of quality  
function deployment

The obtained results show that the methodology of qual-
ity function deployment has helped determine consumer 
requirements for developing a new grain product, prioritise 
them, and transfer consumer preferences into detailed tech-
nical characteristics. Production of grain crackers on the 
basis of the obtained results will facilitate obtaining such a 
product that will be competitive on the market because its 
economic features and consumption properties will satisfy 
particular needs of consumers.

Besides, the QFD methodology can further help avoid 
or minimise correction of the grain product quality after the 
product’s appearance on the market; it can also help provide 
high value at a relatively low price of the product due to mi-
nimising the cost of correcting product faults.

Research prospects are as follows: scientific and prac-
tical consumer-evaluated rationalisation of recipes of new 
grain crackers as healthy food, experimental development of 
products and their complex commodity research assessment, 
development of normative documents for new products, 
and devising of a set of measures for an effective entry of 
health-conducive grain crackers to the consumer market.

The suggested algorithm of using the methodology of 
quality function deployment by the example of new grain 
products as healthy food will be useful to representatives of 
the food industry as it can be applied to developing enriched 
food products of different groups of consumer goods. Devel-
opment and production of health-conducive food products 
that take into account consumer requirements comply with 
modern trends in the food industry and constitute a priority 
course of the state policy in the field of healthy nutrition in 
developed countries, including Ukraine.

7. Conclusion

1. Our marketing research has determined consumer 
requirements for new products. An affinity diagram and a 
tree diagram were used to generalise and structure consum-
er demands with their further priority ranking. The study 
has revealed that consumers of grain crackers prefer taste 
characteristics, presence of BAS, health improvement effect, 
safety, and low price.

2. It has been determined that development of a grain 
product as healthy food should guarantee prophylactic effec-
tiveness of the new product on the basis of natural enriching 
additives, increased BAS content, and, certainly, longer shelf 
life and safety parameters of grain crackers. 

 

Fig. 4. A “quality house” for developing a grain product
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