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Abstract: The aim of the article was to analyze the decision-making process of professional drivers
regarding the choice of new engine oil with additional attention to the eco-friendliness aspect of the
product. Survey data were collected from Polish consumers, using a self-administered questionnaire.
The main data analysis tools used in the study were finite mixture models. It was found that
professional drivers do not constitute a single homogenous group. They cluster into two segments
with differing importance profiles. The largest consumer segment, over 80% of consumers, consider the
quality classification, viscosity classification, and OEM specifications as the most important criteria
during the decision-making process. The importance of oil being environmentally friendly is a factor
moderately differentiating the subgroups. In the first segment, a strong preference for engine oil
with the same technical parameters as the previously purchased one, but additionally marked as
environmentally friendly, was indicated by 29% of the respondents, whereas in the second segment
by only 15%. The analysis of the consumer decision-making process showed that there is a need
to put additional efforts to provide easily accessible and clearly visible technical specifications on
the product label. The vast majority of professional drivers surveyed were mainly guided by such
specific data in their purchasing process. Engine oils and specially used engine oils belong to a group
of products that are considered to have a major negative impact on the environment. As a result,
more research is needed into the sustainability of this class of products. The shift into the eco-friendly
production, exploitation and subsequent management of engine oils may cause a profound effect on
petroleum energy markets.

Keywords: engine oil sustainability; oil market; consumer behavior; consumer segmentation;
eco-friendliness; professional drivers; model-based clustering

1. Introduction and Theoretical Background

Consumer decision-making processes have been in the scope of scientific and academic interest
since the 1960s. [1–6]. The research results in this area help understand the markets and the mechanisms
of the behavior of different market entities (sellers, consumers, competitors). Making purchasing
decisions is a complex cognitive process involving many factors, among which the main role is
played by searching for and processing information. Studies show [4] that a significant proportion
of purchases made by consumers are planned behaviors. With the development of information
technology and easier access to information, a significant proportion of customers have a greater
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knowledge of products. At the same time, the excess of information associated with the large number of
products available on the market often makes consumers feel confused and impedes decision-making.
According to [7], the key process behind making purchasing decisions is the integration process,
in which the acquired knowledge is combined to assess two or more alternative behaviors and choose
one of them. Consumer engagement in purchasing decisions is also a direct result of the reaction to
marketing and advertising stimuli [8]. Highly engaged consumers are more interested in the product
and are more likely to buy it. Companies have long been analyzing buyer decision-making processes
to find answers to the most basic questions such as what, how, how much, when, why, and where the
consumers buy [9].

In recent years, dramatic changes in the global state of the environment, increasing pollution as
well as environmental health aspects have become one of the most important contemporary social
problems. The growing ecological awareness is the main driving force for introducing various activities
directed towards the prevention of adverse environmental changes [10]. Moreover, relatively recently
in both developed and developing countries, consumer care for the natural environment has become
a vital part of purchasing processes; and consequently, has led to changes in many aspects of the
functioning of enterprises, their marketing policies, and business strategies [11]. Enterprises that
introduce environmentally friendly products typically achieve increased sales [12,13], a higher level
of employee engagement [14], greater customer satisfaction [11,15], and improved company brand
image [16,17]. According to one definition, an environmentally friendly product is “a product
that has been manufactured using ingredients that are free of toxic substances and following
environmentally friendly procedures, and which as such is certified by a recognized organization” [18].
Consumers are increasingly making their buying decisions taking into account the principles of
sustainable development, as well as being aware of the consequences of the impact of their decisions
on their own health and the natural environment. That is why they have begun to turn to companies
that offer environmentally friendly products and services [19,20], increasingly preferring sustainable
alternatives. This strongly motivates companies to offer environmentally friendly goods, which has
lately become almost a matter of surviving on the market [21].

An important source of problems with the state of the natural environment is the intense
development of various branches of industry (the automotive industry included), which is associated
with an increase in the pollution of the environment by oil and petroleum products [22,23]. Engine oils
belong to the class of products that pose an environmental threat throughout their entire life cycle.
That is why, eco-friendly engine oil should be such from the very design stage through production,
storage, transport, use, to the end-of-life management. One of the most important issues concerning
the rapid development of the automotive industry is the high proportion of lubricating oils lost in the
environment. Lubricating oils are used primarily to reduce friction between moving machine parts,
minimize their wear, improve efficiency, and save fuel and energy. During operation, lubricating oils are
contaminated and gradually degraded, which means that they lose their useful properties and should
be replaced. Used oils become waste oils and are classified as hazardous waste [24]. However, waste oils
are not only generated by various industries but by road, air and sea transport as well. In this context,
the automotive sector is particularly burdensome for the environment, which through a continuous
increase in the number of vehicles leads to greater consumption of lubricating oils. It is estimated that
about 56% of the total demand for lubricating oils comes from the automotive sector. Yet, not all engine
oils are recovered after their service life, as about 50% of the oil used in engines is lost as a result of
evaporation or combustion [25]. It is also worth noting that some of the oil may remain on the walls of
the packaging and it can be thus introduced directly into the environment with it. The remaining part
of the oil is collected at the decommissioning stage and becomes waste oil. Waste oils are collected
mainly in car service stations or private (residential) garages during an oil change. Considering the
environmental protection, the replacement of engine oil in professional garages or car service stations
is much more advantageous because it ensures a correct and controlled collection as well as waste
management. This is a particularly important issue in developing countries, which usually do not
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have adequate procedures for the disposal and recycling of waste oils [26,27]. However, it cannot be
said that the problem has been entirely resolved in developed countries either. In Europe, waste oils
are the largest stream of liquid hazardous waste [28]; whereas, in the US, less than 60% of waste oils are
recycled [29]. An oil change performed in a private garage setting may lead to improper management.
If engine oil is stored in the user’s own garage for a longer period of time and in an unprotected
manner; if it is poured into the storm sewer [30,31], directly into soil or wastewater sewers [32], it may
cause significant pollution of groundwater and soil [10]. When engine oil is spilled, it migrates down
through the soil, reaching groundwater, and then spreads sideways because of capillary forces and soil
heterogeneity. During a non-professional oil change, uncontrolled incineration accompanied by metal
and PAH (polycyclic aromatic hydrocarbons) emissions may also take place [33,34], which are then
generally adsorbed by airborne dust to eventually settle in soil and water.

Contaminants found in waste oils have an adverse effect on both human health and the
environment, and the degree of impact on the environment depends on three basic factors: the chemical
composition of the oil, the conditions of its operation in the machine, and the methods of its
management [35]. The presence of degraded additives, waste and degradation by-products in waste
oils translates into an increase in their toxicity and harmfulness to human health and the environment.
Used engine oils contain PAHs, oil conditioners, antioxidants, trace levels of chlorinated solvents,
polychlorinated biphenyls (PCBs) [36,37], and heavy metals [31,38]. Waste oils have been shown to be
mutagenic and teratogenic. Furthermore, fetotoxic and genotoxic effects have also been reported [39].
Used oils are therefore considered one of the most dangerous types of pollutants.

Another vital aspect of the issue is its economic dimension. A recycled lubricating oil preserves
valuable resources and reduces CO2 emissions [32,40]. About 67 liters of crude oil are needed to
produce 1 liter of lubricating oil but in the case of re-refining, only 1.6 liters of used oil are needed to
recover 1 liter of base oil [24]. This example illustrates the importance of responsible oil management
at all stages of its use, collection, and reuse. A rational economy is also supported by appropriate legal
regulations regarding the management of used lubricating oil, e.g., the Waste Framework Directive
2008/98/EC [25]. Another consumer behavior causing economic and environmental problems is the fact
that oil users do not often make optimal decisions regarding oil change intervals. Some of them change
oil too early, thus generating unnecessary costs for themselves and the environment, mainly due to
only partial use of the oil’s potential. Some of them change the oil too late, degrading the technical
condition of the engine, exposing themselves and the environment to the negative consequences of
unnecessary vehicle repairs, and making the oil more harmful to the environment, thus hindering
its recycling.

As mentioned above, more and more consumers are realizing the wider consequences of their
purchasing decisions. Consumers are beginning to understand that by acting rationally with used
oils, they can have a positive impact on the state of the environment. In the decision-making process,
a responsible consumer tries to take into account the economic, social and environmental aspects,
and to conform to the principles of sustainable development throughout the entire consumer chain [41],
such as the type and number of products purchased, their use and disposal. In addition, as suggested
by [13,42], buying environmentally friendly products is one of several activities by which consumers
can embody their ideals regarding the active protection of the environment. They now recognize
that not only the manufacturer but also the consumer should be responsible for the environmental
aspects of the use of engine oils. Oil producers need to continue to increase their efforts to better inform
consumers which oils are environmentally friendly or at least neutral to the environment.

In the literature, there is a large body of research on consumer environmental behavior in relation
to everyday products such as food [43–45], cleaning supplies [46] or products that have a labeling
policy regulated by law, e.g., household appliances [47]. However, there are no such studies for
engine oils intended for use in passenger cars. In their previous study [48], the authors of this
article examined selected aspects of the consumer decision-making process regarding the choice of
new engine oil. The research focused on regular drivers, i.e., people who use cars to meet their
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mobility and transportation needs. Professional drivers comprise a much smaller group in society;
however, compared to regular drivers, they generally use their vehicles more intensively. Taxi drivers
constitute an important segment of professional drivers. Passenger transport is the main task of the
taxi drivers. In order to provide an economic and safe service, they have to maintain the proper
technical condition of the vehicle [49]. They care about avoiding car breakdowns to maintain earnings
continuity. Therefore, they need the necessary skills to recognize early symptoms of vehicle failure [50].
Taxi drivers also often exchange experiences regarding the use of vehicles with other professional
drivers and thus improve the quality of their car’s maintenance [51]. These technical characteristics
mostly distinguish taxi drivers from regular drivers who are less likely to devote as much time and
attention to proper car maintenance, with careful engine oil selection not being an exception.

The aim of this paper is to present the research results on the decision-making processes of
professional drivers when they choose a new engine oil. Unlike in the previous study [48], the analysis
was extended to include the environmental aspects, and especially in this context, the article fills the
gap in the literature as indicated above.

2. Materials and Methods

2.1. Survey Design

The study covered a group of 144 taxi drivers, working in one of the largest Polish cities.
Limiting the study to one professional group was intentional and aimed at gaining more thorough
insights into the opinions and views of the respondents. From this perspective, it can be concluded
that the sample size of 144 is large in relation to the population size and the survey is approximately
an exhaustive study. This, in turn, suggests that the data analysis will be characterized by a high
level of results stability. The research was carried out using a survey method, and the questionnaires
were provided to respondents electronically. The respondents were reached via associations of
professional drivers, particularly those enjoying high popularity in the professional taxi community.
It can be assumed that due to this procedure, the respondents approached the questionnaire in a more
responsible way, thus increasing the reliability of the source data.

The questionnaire contained 32 questions, including 26 closed and 6 open ones. The design of
the questionnaire was preceded by an in-depth literature analysis to formulate survey questions that
correctly reflect the multi-faceted structure of the phenomenon under study. A detailed discussion
of this aspect is described in the article [48]. The two questions that formed the principal basis of
the analysis concerned the importance of the criteria determining the choice of the engine oil brand
and an indication of the willingness to buy engine oil with the same technical parameters as the one
previously bought but marked as environmentally friendly. In the first area of research, the respondents
assessed the subjectively perceived importance of 13 different items on a five-point scale (unimportant,
not very important, quite important, important, very important). The following aspects were assessed:
oil price, brand loyalty, brand familiarity, OEM specifications (e.g., VW, MB, GM, etc.), the scope of
information provided on the oil label, qualitative classification (e.g., API, ACEA), viscosity grade
(SAE J300, e.g., 5W-30), radio and TV ads, recommendations of the supplier, recommendations of the
car manufacturer, recommendations of the authorized service center, recommendations of the local
garage/car service station, recommendations provided by the family and friends. In the latter area
of the research, the respondents indicated if they declare unconditional support for eco-friendly oil,
conditional (e.g., lower price) or expressed lack of interest in this kind of product.

2.2. Research Hypotheses

The following two main research hypotheses were formulated. Hypothesis A (HA): “Professional
taxi drivers do not constitute a single homogenous group. They cluster into an a priori unknown
number of segments with differing importance profiles.” This hypothesis will be investigated using a
model-based clustering algorithm. It is necessary to point out that there is no prior evidence to support
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this hypothesis. It is probable that due to the narrow definition of the population, respondents actually
constitute a homogenous group. As a result, either acceptance or rejection of HA is equally probable.
Hypothesis B (HB): “If taxi drivers cluster into the multiple subgroups (HA is accepted), the importance
of oil being environmentally friendly is a factor differentiating the subgroups.”

2.3. Data Analysis Methods

The finite mixture model was used to search for clusters in data. The finite mixture model with K
components is defined as:

h(y|x,ψ) =
K∑

k=1

πk f (y|x, θk) (1)

πk ≥ 0,
K∑

k=1

πk = 1 (2)

where y is a univariate or multivariate dependent variable with conditional density h, x is an optional
vector of independent variables, πk is the prior probability of component k, θk is the component-specific
parameter vector for the density function f, and ψ = (π1, . . . , πK, θ′1, . . . , θ′K)′ is the vector of all
parameters. For example, for multivariate normal f and x ≡ 1, a mixture of Gaussians, also known as
Gaussian model-based clustering is obtained. The posterior probability that observation belongs to
class j is given by

P( j|x, y,ψ) =
π j f (y|x,θ j)∑K

k=1 πk f (y|x, θk)
(3)

The posterior probabilities can be used to segment data by assigning each observation to the
class with maximum posterior probability. In the above formula, f (·|·, θk) is referred to as mixture
components or classes, and the groups in the data induced by these components as clusters.

The mixture is assumed to consist of K components, where each component follows a parametric
distribution. Each component has a weight assigned, which indicates the a priori probability for the
observation to come from this component and the mixture distribution is given by the weighted sum
over the K components [52]. The log-likelihood of a sample of N observations cannot be maximized
directly. The most popular method for maximum likelihood estimation of the parameter vector ψ is
the iterative EM algorithm [53]. The E and M steps are repeated until the likelihood improvement
falls under a small pre-specified threshold. During the described process, as the EM algorithm
converges only to the local maximum of the likelihood, it should be run repeatedly using different
starting values [54]. In real applications, the number of components (K) is unknown and has to be
estimated. This can be achieved by fitting models with an increasing number of components and then
comparing them using the widely known Bayesian Information Criterion (BIC). When choosing from
several models, the one with the lowest BIC is preferred as in this case lower BIC implies better fit.
The strength of the evidence against the competing model can be summarized as a difference (delta) in
the BIC between the two models: ∆BIC from 0 to 2 – almost no evidence, 2 to 6 – positive evidence,
6 to 10 – strong evidence, above 10 – very strong evidence [55].

3. Results

3.1. Characteristics of the Sample

As mentioned in the introduction, the survey was addressed to taxi drivers. A much larger
representation of men in the study (91%) is consistent with the proportions that occur in this occupational
group and reflects the distribution in the population. As many as 83% of the interviewees were between
the age of 18 and 50 years old, with the range up to 30 years old (38%) being the most frequent. 23% of
the respondents were between 31–40 years old, while 17% were above 51 years old. The majority of
the respondents (79%) had completed a bachelor’s or master’s degree. Primary education (14%) or
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working and studying (7%) was indicated by 21% of the respondents. 13% of the respondents travel
to their workplace from rural or suburban areas. 78% of the cars used by the taxi drivers had the
overall mileage above 150k km (150,000 km), with the typical range 200–250k km (31%). 15% of the
cars had mileage below 100k km and about 17% above 300k km. 68% of the cars were manufactured
after the year 2005 (age below 15 years), with the range 2005–2009 (age between 10–15 years) (37%)
being the most frequent. About 12% of taxi drivers drive relatively new cars (below 5 years old). 3% of
interviewees drive cars older than 18 years old (year of production before 2000). Considering both
criteria at the same time, i.e., vehicle age and mileage, it can be said that most of the taxis were
10–15 years old with mileage from 100k up to 300k km. 41% of the respondents use one of the following
four car brands to transport their clients: Skoda (14%), Opel (10%), Ford (10%) or Toyota (9%). 55% of
the respondents had cars with a diesel engine, 45% indicated having cars with a gasoline engine.
In turn, 81% of the cars were equipped with an engine capacity below 2.00 dm3, with a range of
1.51–2.00 dm3 (64%) being the most frequent.

The research results show that 92% of the respondents declared having at least basic knowledge of
engine oils and their technical aspects—the majority (67%) of the taxi drivers surveyed admitted having
basic knowledge, whereas 25% indicated extensive knowledge in this field. All of the respondents
agreed that it is necessary to change engine oil in order to prevent oil and engine wear (“Do you
think it is necessary to change the engine oil?” – 100% said yes). The question aiming to establish the
respondents’ opinions on the best oil change interval brought the following results: the vast majority
(70%) declared changing the oil after driving 10–15k km. As many as 12% of the drivers admitted
changing oil at slightly higher kilometer intervals (15–20k km). For comparison purposes, only 62% of
regular drivers [56] change engine oil after driving 10–20k km. In the study, 6% of taxi drivers either
change the oil after traveling less than 10k km or change the oil during compulsory servicing according
to the car service book. 4% of the respondents declared performing oil changes at different intervals,
without paying attention to the service book dates (2%), or drivers declaring oil change after exceeding
20k km (2%). In contrast, 3% of the respondents change the oil every year, regardless of the number of
kilometers traveled. The vast majority (71%) change oil either in the local garage/car service station
(60%) or in authorized service centers (ASC) (11%). On the other hand, the remaining respondents
(29%) declared an oil change in their own garage or in the garage of their acquaintance. These results
suggest that the studied group is largely homogeneous both in terms of declared knowledge and oil
change interval. This may, in turn suggest that the HA research hypothesis will be rejected and that
the homogeneity of respondents in terms of the importance of the criteria for choosing a new engine
oil will also be found. In the next section of the article, the results of the cluster analysis performed to
verify the HA and HB hypotheses are presented in more detail.

3.2. Model-Based Clustering Results

As explained in the “Material and Methods” section, a mixture model was fitted to the
data introduced in the “Survey Design” section. To avoid local maximum in the EM algorithm,
the optimization process was restarted 100 times using random initialization. The number of
components K from 1 to 7 was investigated. The best solution with respect to the log-likelihood
for each of the different numbers of components was obtained [57] and model selection was made
using information criteria (BIC) [58]. The especially interesting case is K = 1. If selected by the BIC,
this would mean that the data favor the hypothesis of one homogenous group. The results were as
follows (K: BIC) - 1: 2320, 2: 2203, 3: 2216, 4: 2242, 5: 2274, 6: 2315, 7: 2361. The BIC (2203) strongly
favored a mixture model with two segments as the best one, since the BIC for K = 2 is more than
10 points smaller than the BIC for K greater than 2. Moreover, the BIC value for one cluster (K = 1) is
over 100 points higher than the BIC value for K = 2. This finding directly leads to the acceptance of
Hypothesis A.

Figure 1 illustrates the results of the model-based segmentation. Each panel depicts one segment.
In the header of a panel, the size of a given segment is provided. Each row represents one of 14 criteria.
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The red markings are the same in each panel and serve as a benchmark profile, as this is an important
profile constructed under the assumption of no segmentation. For the first 13 criteria, grey bars
represent the probability of choosing given criteria as important or very important by a member
of a segment. For a question about oil environmental aspects, it is the probability of choosing the
unconditional willingness to purchase an eco-friendly oil.
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Figure 1. Results of model-based clustering (2 segments).

As shown in Figure 1, segment 1 is the largest one and contains 117 drivers (81% of the respondents)
for whom the most important factors in the selection of engine oil were: information about the viscosity
classification and the car manufacturer’s recommendations (93% probability that the members of this
segment consider the indicated criterion as important or very important), recommendations of local
garages, qualitative classification, OEM specifications, and brand familiarity (87–89%). This group
includes drivers who can be described as “rational users”. They pay attention to technical parameters
(viscosity, quality, OEM specifications), they rely on the recommendations of car manufacturers and
employees of local garages. What is more, they do not consider radio and television advertisements as
important (91%). Drivers from segment 2 (19% of total) also pay attention to technical aspects, but to
a lesser extent than those in segment 1. The distinguishing feature of this segment is the low level
of importance of any recommendations in the process of purchasing a new engine oil. They pay the
least attention to ASC recommendations (10%) and the recommendation of car service stations/local
garages reached 30%. For this group of drivers, brand loyalty (13%) and information provided on
the oil label (17%) are equally of little importance. It is worth noting that though two clusters of the
respondents were obtained, the first of them is dominant – it comprises as many as 117 drivers out of
144 respondents. Thus, the heterogeneity of professional drivers is visible, but it manifested itself by
the emergence of one small niche of drivers.

Referring to Hypothesis B, it can be stated that a strong preference for engine oils with the same
technical parameters as the previously bought oil, but additionally marked as environmentally friendly,
was indicated by 29% of the respondents from segment 1. However, in segment 2, this percentage
was much lower and amounted to only 15%. Thus, Hypothesis B was confirmed. It seems that for
professional drivers clustered in the second segment, only strictly technical parameters of oils play any
role in purchasing decisions. Due to its importance, the issue of the oil’s environmental friendliness
requires more in-depth analysis. Table 1 shows that there is a statistically significant (p = 0.003)
relationship between the propensity to choose an oil with the same technical parameters, but marked
as environmentally friendly, and the declared importance of the low engine oil price. Taxi drivers
for whom the low oil price is very important or important (58% and 50%) declared their interest in
environmentally friendly oils, assuming that their price would be lower. A strong preference for oils
marked as environmentally friendly was declared by about 40% of drivers for whom the price in the
purchasing process is either of little importance or of no importance at all.
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Table 1. Distribution of drivers’ propensity to buy environmentally friendly engine oil conditionally
on the declared importance of the low oil price.

If you had to Choose between two
Otherwise Technically Identical Engine

Oils would you Choose the Oil Labeled as
the Environmentally Friendly?

Engine Oil Price Importance

Unimportant Not Very
Important

Quite
Important Important Very

Important

yes 40% 41% 20% 15% 17%
yes, but only if the price was lower 7% 12% 22% 50% 58%

no, I don’t trust products labeled as ecological 20% 15% 25% 7% 8%
no, other reasons 33% 32% 33% 28% 17%

Source: own research.

No statistical significance was obtained for the relationship between the degree of interest in
environmentally friendly oils, the age of respondents and the age of the car. However, it was noticeable
that the largest support for oils marked as environmentally friendly is among respondents aged
40–49 years (41%), whereas the smallest among drivers under 30 years of age (14%). Drivers from both
age groups also declared, respectively, the smallest and largest level of distrust towards eco-friendly
products (9% – 40–49; 20% – below 30). In the case of car age analysis, it can be said that the largest
definite interest in eco-friendly products (35%) was indicated by the respondents with vehicles that
were under 10 years, while the smallest (18%) by owners of cars older than 15 years. The opposite
situation was obtained for the answer “yes, but only if the price was lower”: 36% of the owners of
older cars (over 15 years) as opposed to 17% of the owners of newer cars (under 10 years). More than a
quarter (26%) of the owners of 10–15-year-old vehicles declared a strong interest in eco-friendly engine
oils, whereas 32% stated they would consider buying such oil if it was cheaper. The correlation with
the car mileage almost reached statistical significance (p = 0.078). The drivers whose cars had mileage
over 300k km were generally less interested in oils marked as environmentally friendly as 37% of the
respondents in this group admitted that they are not interested.

In the next part of the data analysis, the segmentation results obtained for professional drivers
will be briefly compared to the results of the segmentation of regular drivers, which were the subject
of analysis in the article [48]. For regular drivers, the division into four segments was optimal. As a
result, it was decided that for comparison purposes, the professional drivers would also be divided
into four segments (Figure 2), despite a less favorable BIC value for K = 4. A noticeably larger number
of segments among regular drivers suggests that professional drivers are a much more homogeneous
group. In addition, the criterion of the environmental friendliness of oil was not taken into account in
this analysis, as it was not tested for ordinary drivers.
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Segment 1 drivers (15% out of 144 drivers) are distinguished by a very low level of confidence in
any recommendation sources. An extreme example of this is the fact that 100% of the respondents
consider the recommendations of engine oil sellers to be of no importance in the purchasing process.
Segment 2 consists of 17 drivers (12%). Only 35% of them believe that the technical aspects of oil
(qualitative classification) are an important element when deciding to buy engine oil. Similarly, to the
drivers from other segments, they declared that they never took TV/radio advertisements into account
when buying engine oil. The drivers from segment 2 can be described as “trusting consumers”
because they primarily pay attention to the recommendations of ASCs, local garages, and sellers.
Segment 3 (10%) is made up of the respondents for whom all assessed criteria are of little importance.
Only oil seller’s recommendations and OEM specifications (around 40%) can be considered as partially
important purchasing criteria in this segment. The presence of similar consumer segments is also
noticeable for other types of products. This is indicated by studies [2,59–61], in which the authors
emphasize that a proportion of consumer purchases does not involve complex decision-making.
Some consumers are not motivated enough to engage in a great deal of decision-making at the time of
purchase when the product is purchased repeatedly or is deemed relatively unimportant. Segment 4
(63%) comprises professional drivers who pay special attention to the technical parameters of oils
(viscosity, quality, OEM specifications) and who rely on the recommendations of car manufacturers
and employees of local garages/service stations.

In the next stage of the analysis, segment 4 – the largest of the four segments representing
professional drivers – will be compared with the largest segment of regular drivers (Figure 3).
The appropriate results were taken from the study [48].
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Figure 3 highlights the criteria for which the largest differences between the two segments are
observed. These are brand loyalty (33% vs. 84%), oil seller’s recommendations (12% vs. 53%), and local
garage recommendations (51% vs. 90%). In both groups, almost 100% probability was obtained that
the segment members consider qualitative classification as an important or very important criterion.
A similar situation was observed for the viscosity classification (96% vs. 100%). Information on the
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packaging of engine oil is important to a similar degree (48% vs. 49%) for both groups of drivers.
Professional drivers (69%) pay more attention to the price of oil than regular drivers (53%).

4. Discussion

The literature does not provide conclusive evidence as to whether consumers are willing to pay
more for environmentally friendly products. The results presented by Biswas and Roy suggest that
the price, availability, and quality of products have an impact on consumer decisions regarding the
purchase of eco-friendly products [62]. Similar conclusions can be drawn from the research presented
in [63,64], where it is shown that consumers accepting a higher price of environmentally friendly
products want to reward companies engaged in environmental protection. In turn, Ali and Ahmad [65]
provided partly different conclusions, indicating that consumers were more willing to buy eco-friendly
goods if such products were competitive in terms of price and quality compared to traditional ones.
However, among consumers who were concerned about the state of the environment, there was more
acceptance of a higher price for eco-friendly products. According to the study by Pars et al. [66], 73% of
customers were willing to accept a price increase for a meal served in a restaurant that engages in
responsible environmental practices. However, only half of the customers were willing to accept a
price increase of at most 5%. With a larger price increase (up to 10%), only 15% of customers retained
that opinion.

Similarly, to the above, it can be stated that not all professional drivers are ready to incur additional
costs related to the purchase of environmentally friendly engine oils. Of the drivers surveyed, only 26%
declared a definite interest in engine oils marked as eco-friendly. Conditional interest (if the price
was lower) was indicated by 28% of the respondents. Taxi drivers for whom a low oil price is very
important or important in the purchasing process, to a large extent (58% and 50%) declared interest
in environmentally friendly oils, assuming that their price would be lower. A definite preference
for oils marked as environmentally friendly was declared by about 40% of the drivers for whom the
price in the purchasing process is of little or no importance. Other respondents (46%) declared no
interest in such oils. Among them, 15% of the respondents stated that they did not trust eco-friendly
products. Based on the results, a typical supporter of environmentally friendly engine oils is a driver
of 40–50 years of age, driving a rather new car (under 10 years old) with low mileage (below 100k km),
whereas a typical skeptic toward eco-labeled oils is a younger driver (under 30 years of age), driving an
older car (above 10 years old) with rather high mileage (above 300k km). It is also worth mentioning
one additional element environmentally differentiating the group of professional drivers from regular
ones – 30% of the respondents (this is noticeably more than among regular drivers – 20%) declared an
oil change in their own garage or in the garage of their acquaintance. From an environmental point of
view, the replacement of used engine oils in private garages is not environmentally welcome practice
because it does not ensure proper and controlled collection and management. This clearly shows that
more needs to be done to lower both percentages.

It is also important to provide the consumer with information that would make it possible to
distinguish eco-friendly products from non-eco-friendly ones or products of unknown ecological
status [13]. The most common is the use of eco-labels that can help consumers make decisions about
pro-environmental products [67,68]. In the context of engine oils, such a label may not be sufficient,
because in the group of regular drivers as well as in the group of professional drivers, over 50% of the
respondents (52% and 51%, respectively) indicated that the information placed on the label was of no
importance in their purchasing process. Therefore, it is necessary to conduct further research aimed at
finding effective information channels on the pro-environmental aspects of engine oils.

5. Conclusions

Using a model-based clustering it was revealed that taxi drivers do not constitute a single
homogenous group. They cluster into two groups with differing importance profiles as the BIC
strongly favored a mixture model with two segments. Nevertheless, one of the segments clearly
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dominates because it comprises 81% of the respondents. These are drivers who primarily pay attention
to technical oil parameters (viscosity, quality, OEM specifications) and rely on the recommendations
of car manufacturers and employees of local garages. The importance of oil being environmentally
friendly is a factor differentiating the subgroups. A definite interest in engine oils with the same
technical parameters but additionally marked as environmentally friendly was indicated by 29% of the
respondents from the first segment. In segment 2, this percentage was much lower and amounted
to 15%.

Results also suggest that the importance of the analyzed criteria affecting the choice of a particular
oil brand varies between regular and professional drivers. The most important purchase criterion
for drivers of both groups is the qualitative classification and viscosity classification; however,
professional drivers indicate higher importance of brand loyalty, recommendations of oil sellers and
recommendations of local garage and car service stations.

The analysis of consumer decision-making suggests that there is a need to put additional
efforts to provide easily accessible and clearly visible technical specifications on the product label.
The professional drivers comprising the largest segment were mainly guided by these specific data in
the purchasing process. This was also true for drivers in the second segment but to a lesser degree.
In both segments, unconditional preference for environmentally friendly engine oils was rather low
suggesting that additional efforts to promote this kind of products may be necessary.

The analysis presented in this article has its limitations, which mainly result from the selection of
one particular group of professional taxi drivers. It allowed for more focused conclusions but at the
same time, it limited generalizability.

An interesting direction for future research may be the inclusion in the questionnaire questions
about the harmful effects of engine oils on the environment and the analysis of the perception of these
threats by the respondents representing both regular and professional drivers.

Author Contributions: Conceptualization: A.W., G.Z., K.F.; Methodology: A.W., G.Z., K.F.; Validation: A.W.,
G.Z.; Formal Analysis: A.W., K.F.; Investigation: A.W., G.Z., K.F.; Resources: A.W., G.Z., K.F.; Data Curation:
A.W., G.Z., K.F.; Writing—Original Draft Preparation: A.W., G.Z., K.F.; Writing—Review and Editing: A.W., G.Z.,
K.F.; Visualization: A.W., G.Z., K.F.; Supervision: A.W.; Project Administration: A.W.; Funding Acquisition: A.W.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kollat, D.T.; Willett, R.P. Customer impulse purchasing behavior. J. Mark. Res. 1967, 4, 21–31. [CrossRef]
2. Olshavsky, R.W.; Granbois, D.H. Consumer decision making—fact or fiction? J. Consum. Res. 1979, 6, 93–100.

[CrossRef]
3. Holbrook, M.B.; Hirschman, E.C. The experiential aspects of consumption: Consumer fantasies, feelings,

and fun. J. Consum. Res. 1982, 9, 132–140. [CrossRef]
4. Engel, J.; Blackwell, R.; Miniard, P. Consumer Behavior (8th Eds.). N. Y. Dryden Press 1995, 8, 330–345.
5. Sweeney, J.C.; Soutar, G.N. Consumer perceived value: The development of a multiple item scale. J. Retail.

2001, 77, 203–220. [CrossRef]
6. Chen, A.; Lu, Y.; Wang, B. Customers’ purchase decision-making process in social commerce: A social

learning perspective. Int. J. Inf. Manag. 2017, 37, 627–638. [CrossRef]
7. Peter, J.P.; Olson, J.C. Consumer Behavior & Marketing Strategy, 9th ed.; McGraw-Hill/Irwin: New York, NY,

USA, 2010.
8. De Vries, N.J.; Reis, R.; Moscato, P. Clustering Consumers Based on Trust, Confidence and Giving Behaviour:

Data-Driven Model Building for Charitable Involvement in the Australian Not-For-Profit Sector. PLoS ONE
2015, 10, e0122133. [CrossRef]

9. Yee, C.J.; San, N.C. Consumers’ perceived quality, perceived value and perceived risk towards purchase
decision on automobile. Am. J. Econ. Bus. Adm. 2011, 3, 47–57.

http://dx.doi.org/10.1177/002224376700400102
http://dx.doi.org/10.1086/208753
http://dx.doi.org/10.1086/208906
http://dx.doi.org/10.1016/S0022-4359(01)00041-0
http://dx.doi.org/10.1016/j.ijinfomgt.2017.05.001
http://dx.doi.org/10.1371/journal.pone.0122133


Energies 2020, 13, 2069 12 of 14

10. Nagendramma, P.; Kaul, S. Development of ecofriendly/biodegradable lubricants: An overview.
Renew. Sustain. Energy Rev. 2012, 16, 764–774. [CrossRef]

11. Pujari, D.; Wright, G.; Peattie, K. Green and competitive: Influences on environmental new product
development performance. J. Bus. Res. 2003, 56, 657–671. [CrossRef]

12. Menguc, B.; Ozanne, L.K. Challenges of the “green imperative”: A natural resource-based approach to the
environmental orientation–business performance relationship. J. Bus. Res. 2005, 58, 430–438. [CrossRef]

13. Moser, A.K. Consumers’ purchasing decisions regarding environmentally friendly products: An empirical
analysis of German consumers. J. Retail. Consum. Serv. 2016, 31, 389–397. [CrossRef]

14. Maignan, I.; Ferrell, O.C. Antecedents and benefits of corporate citizenship: An investigation of French
businesses. J. Bus. Res. 2001, 51, 37–51. [CrossRef]

15. Lombart, C.; Louis, D. A study of the impact of Corporate Social Responsibility and price image on retailer
personality and consumers’ reactions (satisfaction, trust and loyalty to the retailer). J. Retail. Consum. Serv.
2014, 21, 630–642. [CrossRef]

16. Kolk, A. Green reporting. Harv. Bus. Rev. 2000, 78, 15.
17. Lavorata, L. Influence of retailers’ commitment to sustainable development on store image, consumer loyalty

and consumer boycotts: Proposal for a model using the theory of planned behavior. J. Retail. Consum. Serv.
2014, 21, 1021–1027. [CrossRef]

18. Gurău Călin International green marketing: A comparative study of British and Romanian firms.
Int. Mark. Rev. 2005, 22, 547–561. [CrossRef]

19. Knight, J. Acceptance of genetically modified food in India: Perspectives of gatekeepers. Br. Food J. 2008, 110,
1019–1033. [CrossRef]

20. Nath, V.; Kumar, R.; Agrawal, R.; Gautam, A.; Sharma, V. Green behaviors of Indian consumers. Int. J. Res.
Manag. Econ. Commer. 2012, 2, 488–498.

21. Hansen, M.G. Environmental Engagement and Product Knowledge Among Consumers of Electric Light Bulbs in
Albany, California; Published in ES196 May 2009, Senior ResearchSeminar, Environmental Sciences Group
Major; University of California at Berkeley: Berkeley, CA, USA, 2009; pp. 1–12.

22. Rusin, M.; Gospodarek, J.; Nadgórska-Socha, A. The Effect of Petroleum-Derived Substances on the Growth
and Chemical Composition of Vicia faba L. Pol. J. Environ. Stud. 2015, 24, 2157–2166. [CrossRef]
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