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Abstract The paper presents a proposal to identify and analyse consumer
purchase behaviour patterns using self-learning GNG neural networks. The
employed method is a highly effective tool for analysing multidimensional data
sets and e.g. examining purchase patterns. The results suggest that three specific
consumer patterns of purchase behaviour exist among the Polish and Slovenian
respondents. The findings deepen the knowledge concerning the purchasing
behaviour of consumers at the age of 60 +. Parallely, they may be used in shaping
international marketing strategies for this consumer group.
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1 Introduction
Contemporary marketing faces a new challenge. It concerns a global demographic trend of a worldwide population ageing. As the United Nations (2015)
highlighted the process is observed both in well-developed and developing countries. It is generally caused parallely by increasing life expectancy and falling
fertility (United Nations, 2015) or in some cases by massive out-migration of
young people (Wilk, 2016). Thus, the process of ageing must be reflected in the
global market as well, e.g. in a form of emerging of a new market segment, the
so-called “silver” or “gray” one. The European Commission (2015) proposed to
pay more attention to exploit economic opportunities arising from the “Silver
Economy”. Some researchers suggest that in particular in Central Europe a
research gap concerning knowing and understanding the elderly consumers’
behaviour and the existence of the specificity of the elderly consumers’ profiles,
especially towards e.g. high-tech products, innovations, etc. does exist Badowska
et al (2016) Migdał-Najman and Badowska (2017) Moreover, the outcomes of
the cross-countries studies of these issues seem to be still highly-limited or even
unavailable, which results in a lacuna of contemporary knowledge supporting
the international marketing field. Therefore, this research aims to identify the
specificity of the purchase behaviour patterns of consumers 60 + of a high-tech
product in Poland and Slovenia. The scientific problem is to find answers to the
following questions: Are there any consumers’ behaviour patterns regarding a
high-tech product among the consumers at the age of 60 +? And, are there any
differences between the Polish and Slovenian populations regarding a high-tech
product among the consumers at the age of 60 +? To reach the investigation
goal, a self-learning GNG neural network was used. Some evidence show that
the GNG is an effective tool for analysing multidimensional data sets and it
is widely employed in grouping, classifying, and searching for patterns. The
primary data collected during the survey carried out among participants of Third
Age Universities in Poland and Slovenia were used. This paper is organized as
follows: In Section 2 the literature review is provided in brief. Next, in Section 3
the authors present the research methodology, and subsequently the results are
described and discussed in Section 4. Conclusions with practical implications
are illustrated in Section 5.
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2 Literature review
Aging is a universal and global process. In 2015 the estimated number of
people at the age of 60 + was 901 million, constituting 12 % percent of the
world’s population. It is expected that in 2050 the number of the elderly at
the age of 60 + will be at least doubled reaching 2.1 billion constituting up to
21.5 % of the 9-billion world community (United Nations, 2015). It is hard
to point out one definition of ageing. Following Zniva and Weitzl (2016),
ageing is grouped at least into 3 categories: biological, psychological and social
(Gregoire, 2003; Yoon et al, 2009; Moschis, 2012). However, age-related factors
are also connected with 2 more categories: Life events influencing lifestyles
and consumption patterns (Andreasen, 1984; Mathur et al, 2008) and life
circumstances shaping shopping habits and affecting consumption patterns of
individuals in the older age (Moschis, 2012). It is as important to understand
consumption patterns among older consumers as well as the evaluative criteria
they use in decision making and to understand changes in silver markets
consumption behaviour in general (Ong et al, 2008). To identify consumer
profiles or/and consumption patterns, different tools are applied, e.g self-learning
neural networks (Decker, 2006; Migdał-Najman, 2010, 2012; Migdał-Najman
and Najman, 2013; Videla-Cavieres and Rıos, 2014). One well-known neural
network is the GNG (Growing Neural Gas) proposed by Fritzke (1994). It is
mostly employed to analyse multidimensional data sets. The GNG is now used
in a variety of disciplines and fields, and, e.g. in marketing, this type of network
is applied for grouping, recognizing shopping habits and consumer behaviour
patterns (Decker and Monien, 2003; Decker, 2005; Migdał-Najman, 2011).
Many products failed on the market due to the fact of not being adapted well
enough to the local context. Following Truong (2013), the reason seems to be a
strong belief among marketers that due to globalization, consumer behaviour
in different countries is approaching general common patterns, especially in
innovations (Yalcinkaya, 2008). Additional evidence shows that national values,
norms and culture differences determine consumer motivation and behaviour
(Markus and Kitayama, 1991; Park et al, 2012; Truong, 2013).
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3 Methodology
This research aims to identify and analyse the specificity of the purchase
behaviour patterns of the consumers 60 + of a high-tech product in Poland and
Slovenia. The reason to select Poland and Slovenia derived from the fact that
both countries share common characteristics:
1. Becoming the oldest societies of the world (the average age ratio in 2015
was 39.6 for Poland and 43.1 for Slovenia. It will be in 2050: 51.8 and
49.3 respectively (United Nations, 2015);
2. Belonging to Slavic cultural circle;
3. Having post-communist and transformative experiences.
The research subject concerns the following three issues:
1. A general behaviour pattern of consumers while purchasing a new
product;
2. A general behaviour pattern of consumers while purchasing an innovating
product;
3. A general behaviour pattern of consumers while purchasing a smartphone.
The survey questionnaire was adapted from the studies of Venkatesh et al
(2003), Szmigin and Carrigan (2000), and Truong (2013). After the linguistic
adaptation to the local contexts the questionnaires were designed. 10 items
of the research construct were measured on a five point Likert-scale ranging
from (1) strongly disagree, to (5) strongly agree. The selective quota sampling
procedure was employed. The characteristics (quotas) covered by the research
were: Gender and age. To collect the primary data, the study employed paperand-pencil interviews for targeting the smartphone users at the age of 60 + in
Poland and Slovenia. The questionnaires were distributed among the participants
of the selected Third Age Universities in both countries (7 in Poland and 9
in Slovenia). Only the participants who attended lectures on the survey days
were tested. Therefore, ultimately 846 questionnaires were collected (524 in
Poland at the turn of 2014-2015 and 322 in Slovenia in 2017). Finally, this
effort resulted in 205 female respondent owners of smartphones (80 in Poland
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and 125 in Slovenia). Among the Polish elderly female smartphone users, 85 %
of them were at the age between 60-69 and 15 % between 70-79. Among the
Slovenian ones, 80 % were at the age between 60-69, 19 % between 70-79
and 1 % at the age 80 and more years. To identify and analyse the purchasing
behaviour patterns of both national samples, the GNG network was used. This
network begins the process of self-learning from two neurons and increases the
number of neurons by Lambda iterations, increasing its structure. Neurons map
the spatial structure of grouped objects changing their location. The learning
neuron, as well as all the neurons connected with it, change their location in
space by the value of the learning ratio. Non-learning neurons are removed from
the network after maximum connection age iterations. The network parameters
are presented in Table 1.
Table 1: GNG network parameters for the Polish and Slovenian samples
.

Sample

Lambda

Maximum age
of connections

Learning
ratio

Learning ratio of
neurons connected
with winner one

No. of
neurons

Slovenian

160

255

0.05

0.006

53

Polish

190

255

0.05

0.006

79

4 Results
First of all, among the participants of the Third Age University both in Poland
and Slovenia, women at the age of 60-69 with university degree are users of
smartphones. The population of the Polish sample is a woman who is a white
collar employee with a monthly income of 350 to 460 euros. The Slovenian one is
depicted by a white collar employee as well (mostly employed in administration),
however, with an average monthly income of 600 to 1000 euros.
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POLAND

SLOVENIA

a)

e)

b)

f)

c)

g)

d)

h)

Figure 1: Purchase behaviour of consumers at the age 60 + in Poland and Slovenia (Source: Authors’
development).
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To illustrate the consumption behaviour of these elderly people, network
graphs have been applied. They allow to identify the links between all the
analysed variants of the examined features (108 variants (dots) per grid graph,
Figure 1). For example, the digit 1 is assigned to a variant of gender: woman,
digit 2 illustrates gender variant: male, (...), digit 13 is responsible for the
characteristic of education: higher education with a master’s degree, etc. All
these variants have been combined and presented in the network graph. If the
linking variants are “thicker”, then these variants coexist with each other more
often. To facilitate visualization (especially if many variants of features have
been examined), it is also possible to eliminate those groups of variants that are
least relevant to the others, or have no connections at all.
Figures 1 a) and 1 e) show all the connections for the 108 examined variants.
The graphs 1 b), c), d) and 1 f), g), h) present the elimination of relations occurring
less frequently. Finally, to analyse purchase behaviour of consumers at the age
60 + in Poland and Slovenia, only these connections which are characterized
by the highest frequency have been employed (Figure 1 d) and 1 h)). Finally,
only the most frequently appeared connections are left for both populations and
describe the specific consumption patterns. The identified purchase behaviour
patterns of the Polish and Slovenian consumers at the age of 60 + are presented
in Figure 2.

Figure 2: The purchase behaviour patterns concerning buying a new product, an innovative product
and a smartphone.
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The purchase behaviour patterns concern:
1. Buying a new product;
2. Buying an innovative product;
3. Buying a smartphone.

Table 2: Consumer purchase patterns for a new product .

Poland

Slovenia

Pattern A:

Pattern B:

Pattern A:

“thoughtful decision”

“habitual decision”

“thoughtful decision”

As a rule, the decisions
about purchasing new, unknown products last a long
time, and are preceded
by considerations and discussions with family and
/ or friends, as well as
searching for information
in a variety of sources: the
press, radio, TV, the Internet.

As a rule, purchasing new,
unknown products is the result of a purchase of common, e.g. the desire to have
the latest version of the
product.

As a rule, the decisions
about purchasing new, unknown products last a long
time, and are preceded
by considerations and discussions with family and
/ or friends, as well as
searching for information
in a variety of sources: the
press, radio, TV, the Internet.

Purchase behaviour patterns while buying a new product (Tab.2).
Among the Polish consumers at the age of 60 +, two different purchase patterns
have been identified (Table 2). For the purpose of this research, they have been the
so-called A pattern (“thoughtful decision”) and B pattern (“habitual decision”).
Among the Slovenian consumers of 60 +, only one pattern A (“thoughtful
decision”) is recognized, which is the same as the Polish patterns.
Purchase behaviour patterns while buying an innovative product (Tab.3).
Among the Polish and Slovenian consumers who represent pattern A (“thoughtful
decision”), the pattern of behaviour A1 (named as “verified”) has been observed
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(Table 3). However, for the Slovenian ones, the second purchase behaviour pattern
A2 (“short thoughtful decision”) has been identified in addition. Moreover,
the Polish consumers are recognized as the pattern B, and in relation to the
innovative product, it has been recognized as B1 (“lack of a unique typical
decision pattern”).
Table 3: Consumer purchase patterns for an innovative product.

Poland

Slovenia

Pattern A

Pattern B

Pattern A

Pattern A1:

Pattern B1:

Pattern A1:

Pattern A2:

“verified”

“Lack of unique
typical purchase
pattern”

“verified”

“short thoughtful
decision”

As a rule, I only
buy
innovative
products after a period of time when
friends/ acquaintances/
family
have
already
purchased
and
tested, and then
recommended
them to me.

–––

As a rule, I only
buy
innovative
products after a period of time when
friends/ acquaintances/
family
have
already
purchased
and
tested, and then
recommended
them to me.

As a rule, I buy innovative products
quickly after they
have appeared on
the market, but
my earlier considerations have preceded buying it.

Purchase behaviour patterns while buying a smartphone. (Fig.2)
. For the Polish respondents, the behaviour pattern of consumers 60 + towards
the smartphone as an innovative product can be divided into two schemes:
pattern A11 and pattern A12. For the pattern B1, one pattern of behaviour has
been recognized the so-called pattern B11. Among the Slovenian respondents,
for the A1 pattern, the purchase behaviour the so-called A11 pattern has been
identified (the same one has also been identified among the Polish respondents).
For the pattern A2, the pattern behaviour concerning the smartphone as an
innovative product has been defined as A21 (Fig 2). Among the consumers who
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represent the A11 pattern (both Polish and Slovenian respondents), the decision
to purchase an innovative product, e.g. the smartphone, lasts a long time, and is
preceded by considerations and discussions with family and/or acquaintances, as
well as searching for information in various sources: in the press, radio, TV, the
Internet (“thoughtful decision”). Among the consumers who belong to the A12
pattern (only the Polish respondents), users, who received the smartphone as a
gift exist. They declare, they did not bear the costs of the smartphone purchase.
The Polish consumers of the B11 pattern point that the decision to purchase
the smartphone is a result of a purchase of common (“habitual decision”) e.g.
they usually want to have the latest version of a product. This identified group
is generally interested in novelties in the mobile telephone product category.
Among the Slovenian consumers belonging to the A21 pattern, the none of the
one unique typical behaviour towards smartphone purchase has been recognized.
Finally, the typical smartphone purchase behaviour of consumers 60 + in Poland
and Slovenia has been examined and recognized in 3. In the statistical sense,
the dominant features of the respondents’ responses , presented on a scale
of 1 to 5 have been illustrated. Among the Polish respondents, the negative
(“strongly disagree” (1) or “disagree” (2)) statements dominate. Especially,
it concerns those respondents who indicated no interest in the latest versions
and new functions of smartphones as well as visiting shops dealing with this
product. Among the Slovenian respondents, the dominant is shifted to the other
variants (“disagree” (2) or “agree” (4)) on the scale of 1 to 5. These answers
are also negative but not as intensively critical as those presented by the Polish
respondents. The biggest difference between the answers appeared for the Q4
question: I would consider buying the latest version of a touch screen mobile
phone called “smartphone”, even if I have not known its new functions, look and
way of using. Most of the Slovenian respondents declare the variant: “agree” (4),
but among the Polish ones the variant “strongly disagree” (1) has been chosen
more often.
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Figure 3: Typical smartphone purchase behaviour of the consumer 60+ in Poland and Slovenia
Legend: Likert’s scale: 1 – strongly disagree, 5 – strongly agree.
Q1 - In general, I am among the last ones in my circle (family/friends/acquaintances) to buy/start
using a touch mobile phone called a "smartphone"; Q2 - If I heard that a new version of a touch
mobile phone called a "smartphone" was available in shops, I would be interested in buying it; Q3 Compared to my friends/family/ acquaintances/ I seldom buy/use a newer version of a touch mobile
phone called a "smartphone"; Q4 - I would consider buying a new version of a touch mobile phone
called a "smartphone", even if I haven’t known its new functions, look and way of using; Q5 - In
general, I am the last in my circle (family, friends, acquaintances) to use the latest/newest version of a
touch mobile phone called a "smartphone"; Q6 - I know about new versions of touch mobile phones
before other people of my circle (family, friends, acquaintances) do; Q7 - Overall, I’m interested in
the latest technology of touch mobile phones; Q8 - I often visit a section with touch mobile phone
products in a department store or supermarket; Q9 - I know more about touch mobile phones than
other people do; Q10 - If I needed to use a touch mobile phone called a "smartphone", I would buy
the latest one available..

5 Conclusions
This paper confirms the utility of employing the self-learning GNG network
to identify and explore consumer purchase behaviour patterns. It has strong
potential in recognizing consumer profiles and examining their differences.
Applying the GNG network, some findings have been obtained. Generally, three
different purchasing patterns: “thoughtful”, “habitual” and “verified” decisions
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have been identified. First, while buying a new product, a “thoughtful decision”
scheme seems to be a general consumer behaviour pattern common for both
the national samples. However, the “habitual” one is also recognized among
the Polish respondents. Second, while buying an innovative product, both
patterns (“thoughtful” and “verified”) exist among the Slovenian respondents,
but only one (“verified”) is specific for the Polish sample. Third, while buying
a smartphone, a general behaviour pattern is “thoughtful decision” for both
these groups of participants, but the “habitual” one exists also among the
Polish respondents. Recapitulating, the sub-populations with slightly different
purchase patterns have been identified in both samples. What is more, the Polish
elderly respondents present stronger attitudes towards technological products
than the Slovenian ones. The outcomes may also suggest the Slovenians are
more interested in new technological products. What stands as a further research
question is whether the differences are only typical for the elderly market segment
or such a type of behaviour and attitudes can be observed in other segments
of the above studied populations (eg. the “Millennians”). These issues will
constitute the future research work of the authors. The findings have a practical
value. It emphasizes the importance of taking into account the influence of
national culture on the attitude towards technological innovations, which seems
to be crucial in international marketing. As well, it sheds a light on the need to
adapt retailing strategies, to increase the chances of success of a new product or
service in local geographical markets (e.g. marketing communication). Lastly,
it should be stressed that with a view to both the samples used and the size of
the respondents’ groups, the obtained outcomes are specific only for the tested
groups. There are some assumptions that the results might have differed, if
the tested respondents had been selected among other groups which were not
sampled among the Third Age Universities participants.
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