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Abstract: A constantly increasing number of deaths on roads forces analysts to search for models
that predict the driver’s propensity for road traffic accidents (RTAs). This paper aims to examine a
relationship between the speed and space assessment capabilities of drivers in terms of their association
with the occurrence of RTAs. The method used for this purpose is based on the implementation of
the interval Type-2 Fuzzy Inference System (T2FIS). The inputs to the first T2FIS relate to the speed
assessment capabilities of drivers. These capabilities were measured in the experiment with 178 young
drivers, with test speeds of 30, 50, and 70 km/h. The participants assessed the aforementioned speed
values from four different observation positions in the driving simulator. On the other hand, the inputs
of the second T2FIS are space assessment capabilities. The same group of drivers took two types of
space assessment tests—2D and 3D. The third considered T2FIS sublimates of all previously mentioned
inputs in one model. The output in all three T2FIS structures is the number of RTAs experienced by a
driver. By testing three proposed T2FISs on the empirical data, the result of the research indicates
that the space assessment characteristics better explain participation in RTAs compared to the speed
assessment capabilities. The results obtained are further confirmed by implementing a multiple
regression analysis.

Keywords: type-2 fuzzy inference systems; traffic simulator; traffic accidents; road safety;
space perception; speed perception

1. Introduction

One of the biggest problems globally nowadays is the rate of road traffic accidents (RTAs) and
deaths on roads. Each year, around 1.24 million people are killed in RTAs and up to 20-50 million
injured [1,2]. The issue of road safety represents a social and economic concern, resulting in physical
and mental injuries and immense loss of property [3]. The costs of the consequences of RTAs vary from
1% to 2% gross national product in underdeveloped and developing countries [2,4]. The current trends
indicate that if urgent action is not taken, RTAs could be the seventh leading cause of death by the year
2030. Moreover, 90% of these deaths occur in underdeveloped and developing countries [2,3,5].

Technology development makes vehicles more affordable, which results in a rapid increase in
vehicle ownership. On the one hand, this results in an elevated likelihood of the occurrence of RTAs;
however, on the other hand, this produces much more RTA data, offering more possibilities to obtain
new knowledge in the traffic safety field. With the continuous development of research methods,
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computer performance, information processing, etc., many universities, research institutes, and safety
agencies analyze RTA data in order to propose adequate safety measures [6,7].

The wealth of RTA data inevitably generates more explanatory variables that may provide more
accurate models of explaining RTA occurrence. However, it is known that “more is not always better”,
especially for the prediction of RTAs, considering that a large number of variables may cause model
overfitting [8,9]. In addition, this can impact accompanying activities such as long execution time and
unreliable prediction results [8,10].

The development of computers and software leads to the development of new types of vehicles.
In the current market of new vehicles, safer driving can be recognized through vehicle tracking and
smartphone applications that detect risky driving patterns such as speeding or inappropriate lane
changing [11]. Furthermore, the appearance of partly or fully autonomous vehicles can significantly
contribute to road safety, reducing the frequency of RTAs [11]. However, this is still far from everyday
reality, even for the most progressive markets [11,12].

There are many random factors in the occurrence of RTAs; however, they are most often grouped
considering the road, vehicle, and driver characteristics, such as vehicle speed, aggressive behavior,
skills, etc. If a driver has developed spatial skills while in traffic, his or her attention will be focused on
the traffic situation, otherwise, it will be distracted and directed to orientation in space [13,14]. On the
other hand, some reports indicate that speeding is a contributing factor in about one-third of all fatal
RTAs [15].

Considering all of the above, a motive to carry out the research described in this paper is to offer a
model whose implementation would contribute to the explanation of causes of RTAs. The experimental
research was conducted to examine the impact of vehicle speed and space assessment capabilities on
the occurrence of RTAs.

Speed does not only affect the severity of a crash but is also related to the risk of being involved in
an RTA [16]. The dominant forms of improper driving during the late twentieth century were speeding,
driving too fast for the existing conditions, improper lane changing, and improper passing [17,18].
Many empirical studies generally confirmed a positive relationship between traffic speed and the
frequency of RTAs [19-22]. At the same time, some studies found that higher speeds do not necessarily
result in higher accident rates [23,24]. It is suggested that the speed-RTA relationship should be
considered in the proper context, accounting for possible additional confounding factors such as traffic
exposure and road conditions [24-26], however including a perception of vehicle speed. Speeding,
but also an inaccurate vehicle speed, is associated with an increased risk of being involved in a crash.

The current state in the considered field in the Republic of Serbia, the country where our research
was carried out, is illustrated by the survey conducted by the state authorities in the period from 2017 to
2019. This survey shows that about half of drivers in urban areas exceed the speed limit (2017—49.4%;
2018—48.4%; 2019—51%) [27]. When it comes to the circumstances and causes of RTAs, the results
for this period indicate that the largest number of the worst RTAs, as well as the largest number of
fatalities, belong to the category of unadjusted speed (2017—53.14%; 2018—52.14%; 2019—51.41% of
the cases where the cause of RTAs with fatalities is unadjusted speed) [28]. According to the Road
Traffic Safety Agency in Serbia [27], based on the responses of the participants, every third driver of a
passenger car exceeds the speed limit in urban areas by an average of more than 10 km/h. When it
comes to the speed of vehicles outside urban areas, the results show that almost two-fifths of the
participants drive at a speed that is higher than the limit. A survey of drivers’ attitudes to speeding
in the Republic of Serbia pointed to the alarming fact that the largest percentage of drivers (41.7) do
not agree that speeding in populated areas by 10 km/h increases the risk of being involved in an RTA.
The decision on the level of vehicle speed is influenced by the driver’s psychological traits, driving
skills and limitations, road and environment characteristics, and vehicle characteristics, but also by the
space assessment capabilities of the driver.

Driving skills involve processes such as the perception of time, speed, and especially space.
How important these skills are for safe participation in traffic is widely explained in the literature.



Mathematics 2020, 8, 1548 30f 19

A well-known term introduced for describing someone’s position in traffic related to their skills
is situation awareness. This term can be defined as [29,30] “the perception of the elements in the
environment within a volume of time and space, the comprehension of their meaning, and the projection
of their status in the near future”. The aforementioned abilities are connected to the largest number of
RTAs that are caused by the human factor. There are findings that the human factor is responsible
for 93% of all RTAs [31,32]. From all the above, it can be noticed how important is to examine the
perception of speed and space of drivers. A motive to carry out the research described in this paper is
to offer a model whose implementation would contribute to the explanation of the causes of RTAs.
The experimental research was conducted to examine the impact of vehicle speed and space assessment
capabilities on the occurrence of RTAs.

Because the answers of participants related to the assessment of speed and space involve a
certain level of imprecision and fuzziness, we assumed that the implementation of fuzzy inference
systems would be a convenient tool for data processing. Fuzzy logic is widely used for explaining
driver behavior. The previous implementation can be segmented as follows [33]: examination of the
interaction between the driver and road infrastructure [34]:, examination of the interaction between
the driver and in-vehicle systems [35], testing the psychophysical characteristics of drivers [33,36,37],
and determining a driving style [38,39]. The motivation to use fuzzy logic for modeling the propensity
for RTAs based on speed assessments and spatial abilities of drivers is actually the introduction of
a new field of implementation. This new area can be called the perception of road traffic conditions
and relations.

In this paper we propose the implementation of the interval Type-2 Fuzzy Inference System (T2FIS).
Three T2FIS structures are designed and tested on the empirical data collected in two experiments.
The T2FIS that gives the lowest error in the description of data can be considered as the most convenient
in explaining the relationship between the inputs—characteristics of the driver, and output—the
number of RTAs. The proposed T2FIS can be used as a decision-making tool to calculate the propensity
for participation in accidents.

2. Methods

This section is divided into two subsections. The first refers to the description of experiments
carried out with the aim of empirical data collection. The second subsection is about the design of
T2FIS structures.

2.1. Data Collection

The empirical data are collected in the experiment which consists of two testing sessions, which will
be designated as Experiment I and Experiment II in the further text. The task of the respondents in
Experiment I was to estimate the passenger car speed. Experiment II was designed to explore the
respondent’s spatial abilities. Along with the tests related to the assessment of speed and spatial
capabilities, the participants also filled the demographic questionnaire and the questionnaire about
participation in RTAs. The main purpose of these additional questionnaires was to provide information
about the number of RTAs experienced by participants, which were then used as an output variable in
the implemented models.

2.1.1. Participants

The experiments were conducted in the Laboratory of Traffic Psychology, Faculty of Transport and
Traffic Engineering, in Belgrade. The participants in the experiment were recruited from 178 young
drivers (96 males and 82 females). Our participants’ mean age was 22.05 years (standard deviation (SD)
= 2.12). The experimental procedure (instructions, the method of testing, and data collection) were the
same for all participants who took part in both experiments and also completed questionnaires on
demographic data and involvement in RTAs. The research adhered to the Code of Ethics and Conduct
of the Serbian Psychological Association. The participants also signed a written voluntary informed
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consent which confirms their willingness to take part in this research. The participants did not receive
any compensation for taking part in the survey as well.

2.1.2. Experiment I

For the purpose of this experiment, three different speed levels of a moving vehicle were presented
to the participants in the driving simulator. Both experiments were carried out in a PC-based
driving simulator, which incorporates three 4200 plasma monitors that provide the respondents a 180°
horizontal and 50° vertical field of view of the simulated environment [40,41].

The vehicle used for the experiment was a Peugeot 307. The color of the vehicle was bright yellow.
In the literature, it is possible to discover the findings on the relationship between vehicle color and its
perception on the road. There is evidence that it is easier to spot the vehicle having a higher contrast
between the vehicle color and the environment. More concrete, brighter colored cars provide a lot of
contrast between the vehicles and their surroundings; therefore, it is easier to notice them [41-43].

In Experiment I, the vehicle was observed from four positions. These were the following: the
first was a front view of the vehicle, which meant that the vehicle was approaching, the second was a
back view, which implied that the vehicle was moving away, the third was a side view, indicating that
the vehicle was passing by, and the fourth was a view from inside the vehicle, which represented the
situation when a driver was behind the wheel, but without information about vehicle speed from the
instruments (Figure 1). Every participant estimated all of the three vehicle speed levels, from each

1
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Figure 1. Observation positions in Experiment I: 1—Front view; 2—Back view; 3—Side view; 4—Driver’s

seat perspective.

In total, each participant made 12 assessments of speed. In the calculation process, to form three
input variables based on speed assessment capabilities, the errors in the assessment are grouped
around each of three speed levels. This implies a calculation of average assessment error from four
positions, per particular speed level. The units for both, speed levels and the errors in the assessments
are the same—km/h.

The three test speed levels were 30 km/h, 50 km/h, and 70 km/h. They were chosen due to the
most often legal limitations: the limit of 30 km/h is usually set in a school zone; limit of 50 km/h in the
inhabited area; and the limit of 70 km/h outside of the inhabited area [41,44,45]. The respondents were
asked to report the perceived vehicle speed for each experimental condition. The experimenter entered
the declared value into the adequate space in the on-line questionnaire previously prepared for the
purpose of this study. The questionnaire also covered demographic variables, as well as those related
to participation and the number of experienced RTAs [41,45].

Specific speed/position combination was randomly assigned to each participant, i.e., the stimulus
order was determined using a random number generator. This was done in order to avoid the
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anchoring effect, employing counterbalancing. Counterbalancing was achieved by randomizing the
series of presentations of the test stimuli [41].

2.1.3. Experiment II

For Experiment II, 2D and 3D spatial tests were used. The objects were positioned with random
orientation in space. All participants had the same viewing position on all tasks. The background was
dark, to standardize the local contrasts [46,47]. Examples of 2D and 3D tests are shown in Figure 2.

(h
&

Oc 0o

(a) (b)

Figure 2. The appearance of the task used in experiment II: (a) an example of a 2D test used in the

experiment; (b) an example of a 3D test used in the experiment.

In the laboratory with reduced environmental light, all participants were placed in the same
position with a 58 cm distance between their head and the center of the screen. The tests were displayed
on the same monitor that was used in the driving simulator. 2D and 3D tests presentation order was
randomized. As in the case of Experiment I, in the beginning, each participant was assigned the specific
combination of an experimental test order, which was regulated by using a random number generator.
In the 2D test, respondents are asked to find for the given object shown in 2D the appropriate object
in 3D (example in Figure 2a). Similarly, when it comes to the 3D task, the respondent had to find an
object in 2D for the assigned object shown in 3D (example in Figure 2b).

2.2. Model Development

The models proposed in this paper are based on testing of the Mamdani based T2FIS [48].
The principles of Type-2 fuzzy sets were first proposed and described by Zadeh [49] to expand the
possibilities and performance of the standard Type-1 fuzzy sets. The main characteristic of Type-2
fuzzy sets is that they integrate uncertainty about the membership function (MF). For this reason,
MF is defined by the corresponding interval bounded by two functions, a lower MF and upper MF,
and called the Footprint of Uncertainty (FOU), as illustrated in Figure 3.
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Figure 3. The footprint of uncertainty for an interval Type-2 fuzzy set.

The performance of three T2FIS structures was compared. In the first, there were input variables
related to speed assessment capabilities (Figure 4a), in the second, the space assessment capabilities
were inputs to the model (Figure 4b), and in the third, the speed and space assessments were jointly
considered as inputs (Figure 4c). All three structures had the same output variable—the number of
experienced RTAs.

Average assessment L
of speed 30 km/h Average assessment
of 2D space A 4
) Mamdani
| | Mamdani || .
A"i?mge ;S'Ssgf;?/;"t The number of road - ~ ) The number of road
Ol spee B o s
La traffic accidents ) traffic accidents
Average assessment
Average assessment of 3D space
of speed 70 knvh
(@) (b)
Average assessment of speed 30 knvh
Average assessment of speed 50 km/h t
Mamdani
Average assessment of speed 70 knvh The number of road traffic accidents
Average assessment of 2D space
Average assessment of 3D space
(©)

Figure 4. Configuration of the research: (a) the model of speed assessment capabilities—T2FIS_speed;
(b) the model of space assessment capabilities—T2FIS_space; (c) the model that encompasses all
considered input variables—T2FIS_speed_and_space.

In the figures, as well as in the tables, we use the following notation: T2FIS related to the
speed assessment capabilities is designated as T2FIS_speed, T2FIS related to the space assessment
capabilities is labeled as T2FIS_space, and T2FIS that jointly considers both categories is marked as
T2FIS_speed_and_space.
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The first fuzzy inference system has three input variables: Average assessment of speed 30 kmy/h,
Average assessment of speed 50 km/h, and Average assessment of speed 70 km/h. In all three cases, the word
“average” is used because the assessments were performed from four positions—front, rear, side view,
and from the position of a driver. Therefore, each of the three input variables is the arithmetic mean of
four measurements.

Input variables that relate to the speed assessment take the values of average errors that are made
when estimating the real speed of the car. The minimum, mean, maximum values, and standard
deviation of each variable of the examined sample of 178 young drivers are given in Table 1. It can
be noted that in some cases very huge errors in the assessments are recorded. The young age of
participants and their humble driving experience may be an explanation for such results.

Table 1. Description of a sample considering errors in speed assessment.

Average Errors in Assessments from Four Different Positions [km/h]

Input Variable
Minimum Mean Maximum Standard Deviation
Average assessment of speed 30 km/h -3.75 21.75 67.50 11.68
Average assessment of speed 50 km/h -18.75 13.57 62.50 13.51
Average assessment of speed 70 km/h —54.50 -32.33 15.00 10.06

Input variable Average assessment of speed 30 km/h is displayed using five fuzzy sets and their
membership functions (Figure 5): U_30—Average assessment is under 30 km/h, A_30—Average
assessment is around 30 km/h, MO_30—Average assessment is moderately over 30 km/h, SO_30—Average
assessment is significantly over 30 km/h and EO_30—Average assessment is much higher than 30 km/h.
This variable is marked as x7.

u_30[ A_30 MO_30 SO _30 EO 30
— Upper MF
% — Lower MF
& m FoU
5
£05 4
g
| ! 1 ] »

-3.75 0 10 20 30 40 50 60 70 x,

Figure 5. Input variable Average assessment of speed 30 km/h. Used notation: MF—membership
function; FOU—footprint of uncertainty.

Input variable Average assessment of speed 50 km/h is displayed using five fuzzy sets and their
membership functions (Figure 6): U_50—Average assessment is under 50 km/h, A_50—Average
assessment is around 50 km/h, MO_50—Average assessment is moderately over 50 km/h, SO_50—Average
assessment is significantly over 50 km/h and EO_50—Average assessment is extremely over 50 km/h.
This variable is marked as x;.

Input variable Average assessment of speed 70 km/h is displayed using five fuzzy sets and their
membership functions (Figure 7): EU_70—Average assessment is greatly under 70 km/h, SU_70—
Average assessment is significantly under 70 km/h, MU_70—Average assessment is moderately under
70 km/h, A_70—Average assessment is around 70 km/h, and O_70—Average assessment is over
70 km/h. This variable is marked as x3.
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Figure 6. Input variable Average assessment of speed 50 km/h. Used notation: MF—membership
function; FOU—footprint of uncertainty.
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Figure 7. Input variable Average assessment of speed 70 km/h. Used notation: MF—membership
function; FOU—footprint of uncertainty.

The output variable named The number of experienced road traffic accidents is the same, as previously
explained, in both fuzzy inference systems. Since the sample consists of young drivers, the number
of reported RTAs is relatively small—the minimum value is 0 and the maximum is 3. Accordingly,
the output variable is defined by three fuzzy sets (Figure 8): SNA—a small number of road traffic
accidents, MNA—a moderate number of road traffic accidents, and HNA—high number of road traffic
accidents. This variable is marked as .

A

] SNA MNA HNA
o — Upper MF
B — Lower MF
2 mFOU
S
[0}
Eost
5 -
8
&
(=]

] ] >

0 0.5 1 1.50 2 2.5 3 y

Figure 8. Output variable the number of experienced road traffic accidents. Used notation: MF—
membership function; FOU—footprint of uncertainty.

On the other hand, the second fuzzy inference system is based on two input variables that describe
the space assessment capabilities. Unlike in the case of speed assessment, where the errors were
considered, in this case, each examinee is rated by the grade from 0 to 5 depending on the success on
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the 2D and 3D spatial abilities test. The minimum, mean, maximum values, and standard deviation of
considered variables in the examined sample of 178 young drivers are shown in Table 2.

Table 2. Description of a sample considering errors in space assessments.

Average Marks from the Space Assessments Tests

Input Variable
Minimum Mean  Maximum  Standard Deviation
Average assessment of 2D space 0 1.81 5 112
Average assessment of 3D space 0 1.67 5 1.01

Input variable Average assessment of 2D space is described using five fuzzy sets and their
membership functions (Figure 9): VSM_2—Very small mark, SM_2—Small mark, MM_2—Middle
mark, HM_2—High mark, and VHM_2—Very high mark. This variable is marked as x4.

VSM_iZ SM_2 MM_2 HM_2 VHM_2
a — Upper MF
5 — Lower MF
3 W Fou
§
Eo5
o
8
o
a
0 1 2 3 4 5 )(,1>

Figure 9. Input variable Average assessment of 2D space. Used notation: MF—membership function;
FOU—footprint of uncertainty.

Input variable Average assessment of 3D space is described using five fuzzy sets and their
membership functions (Figure 10): VSM_3—Very small mark, SM_3—Small mark, MM_3—Middle
mark, HM_3—High mark, and VHM_3—Very high mark. This variable is marked as xs.

VSM_3| SM_3 MM 3 HM_3 VHM 3

o — Upper MF
@ — Lower MF
8 m FOU

£

[}

£

ks

8

(=]

a

0 1 2 3 4 5 x5>

Figure 10. Input variable Average assessment of 3D space. Used notation: MF—membership function;
FOU—footprint of uncertainty.

The fuzzy rule base is crucial for the performance of a T2FIS. Here, we use a well-known principle
for defining fuzzy rules based on the empirical data introduced by Wang and Mendel (WM) [50].

This approach implies generating one fuzzy rule per one data pair, i.e., per one participant. In our
case, there are 178 participants in the sample, and accordingly, 178 fuzzy rules should be formed.
However, certain rules are the same or conflicting. The conflicting rules have the same “IF” part, but a
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different “THEN" part. First, from the same rules, just one should be left. Furthermore, we need to
eliminate the conflicting rules. To decide which rules will be retained in the final fuzzy rules database,
the procedure involves the calculation of the degree of significance for each of the formed rules. This is
done by Equation (1), for the rule defined in the following way: “IF x1 is A and x; is B, THEN y is C”.
In a group of conflicting rules, only the rule with the maximum degree should be retained. D(Rule) is
the importance degree of a rule, j14(x1) is a value of the membership function of the region A when
the input value is x1, etc.

D(Rule) = p(x1) * ug(x2) * ue(y) 1)

The implemented programming code for this purpose is based on the code presented in the
paper by Cubrani¢-Dobrodolac et al. [33]. After the required calculations, there are 22 fuzzy rules
obtained based on the empirical data, considering the sample of 178 participants, in the case of speed
assessment capabilities (Table 3), while as regards spatial abilities assessment, there are 17 fuzzy rules
obtained by the same approach (Table 4). Finally, in the T2FIS where all input variables are jointly
considered, 84 fuzzy rules are generated from the empirical data based on the WM approach (Table A1l
in Appendix A).

Table 3. The fuzzy rules obtained from empirical data in the case of speed capabilities assessment.

Serial No. of MF Serial No. of MF Serial No. of MF Serial No. of MF

D(Rule) for Variable x; for Variable x; for Variable x3 for Variable y
1 1 1 1 1
0.42682 2 1 1 1
0.25945 2 1 2 1
0.54222 2 2 1 1
0.62963 2 2 2 1
0.29929 3 2 1 1
0.68531 3 2 2 1
0.47288 3 2 3 1
0.35178 3 3 1 1
0.85328 3 3 2 1
0.74074 3 3 3 1
0.33383 3 4 2 1
0.27160 3 4 3 1
0.24294 4 3 2 1
0.30423 4 3 3 1
0.48971 4 4 2 1
0.67901 4 4 3 1
0.50440 4 4 4 1
0.37940 4 5 3 1
0.65040 5 4 5 1
0.10539 5 5 3 2
0.72222 5 5 4 1

Table 4. The fuzzy rules obtained from the empirical data in the case of space capabilities assessment.

D(Rule) Serial No. of MF for Variablexs;  Serial No. of MF for Variable x5  Serial No. of MF for Variable y

1 1 1 1
0.79518 1 2 1
0.79640 1 3 1
0.80239 1 4 1
0.88888 2 1 1
0.70682 2 2 1
0.70791 2 3 1
0.71324 2 4 1
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Table 4. Cont.

D(Rule) Serial No. of MF for Variable x4 Serial No. of MF for Variable x5  Serial No. of MF for Variable y

0.87500 3 1 1
0.69578 3 2 1
0.69685 3 3 1
0.70209 3 4 1
0.75000 4 1 1
0.59638 4 2 1
0.59730 4 3 1
0.60179 4 4 1

1 5 5 1

3. Results and Discussion

Finally, the defined T2FIS structures should be tested. This is accomplished based on Equation (2) [51,52].
Cumulative deviation (CD) is a parameter that describes how good a T2FIS describes the empirical
data. It represents a sum of absolute values of the difference between the number of RTAs experienced
by the drivers from the sample and the corresponding results of T2FIS based on the input values for
each driver from the sample. The result of the T2FIS for an examinee number i in Equation (1) is

marked as T2FIS(7).
178

CD = ij(i) — T2FIS(i)| @)
i=1

CD is a cumulative deviation; y*) represents the number of RTAs experienced by the driver from
the sample; T2FIS(i) is the result of the interval Type-2 fuzzy inference system.

Following all the calculations, we are in a position to obtain the final result for the three considered
fuzzy inference systems. In the first case, CD value for the interval Type-2 fuzzy inference system
related to the speed assessment capabilities is equal to 97.6477. Further, CD value for the T2FIS
related to the space assessment capabilities is equal to 91.7891. Finally, testing the T2FIS where
all five considered independent variables are entered as inputs showed that CD value is 103.4103.
A comparison of empirical data and results of T2FIS structures are graphically shown in Figures 11-13.

==g==FEmpirical data  ==@==Results of T2FIS_speed

Figure 11. A comparison of empirical data and results of the Type-2 Fuzzy Inference System (T2FIS) in
the case of speed capabilities assessment—T2FIS_speed.
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Figure 12. A comparison of empirical data and results of T2FIS in the case of space capabilities
assessment—T2FIS_space.

35

=8-—Empirical data =0-—Results of T2FIS_speed_and_space

Figure 13. A comparison of empirical data and results of T2FIS in the case of speed and space capabilities
assessment—T2FIS_speed_and_space.

Itis interesting to note that the T2FIS with five input variables achieved the worst result. As already
stated in the introduction of this paper, this can be explained by the fact that introducing more variables
in the model does not necessarily lead to better results [8-10]. However, to confirm the conclusions
obtained, we performed the paired f-test to examine whether the difference in results between T2FIS
structures is statistically significant (Table 5). As is shown, there are significant differences between the
results of T2FIS_space and the other two T2FIS structures. However, there is no significant difference
between T2FIS_speed and T2FIS_speed_and_space. These results indicate that the space assessment
capabilities can better explain the propensity for road traffic accidents of drivers compared to speed
assessment capabilities.
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Table 5. The difference between cumulative deviation (CD) values per T2FIS tested by paired f-test.

T2FIS_Speed T2FIS_Space T2FIS_Speed_and_Space

T2FIS_speed -
T2FIS_space 0.048 * -
T2FIS_speed_and_space 0.059 0.049 * -

*p < 0.05.

Finally, it is useful to compare the proposed approach with some other method. In this context,
we compare the performance of T2FIS with the statistical technique multiple regression analysis.
The results are shown in Figure 14. We further implemented a t-test to conclude about the statistical
significance of the difference between the two approaches; however, the results show that there is
no statistically significant difference in all three cases considered. It can be concluded that these two
approaches give similar results.

110
106.71

105 103.41

100 97.65 98.09

95

9179 9088

90

85

80

Speed Assessment Space Assessment Speed and Space Assessment

T2FIS  m Multiple regression analysis

Figure 14. A comparison of T2FIS performance and multiple regression analysis.

Speaking about the performance of T2FIS, further adjustments of membership functions shape,
positions, and the design of fuzzy rules can be done using some of the heuristic and metaheuristic
algorithms. This would lead to even better results, and accordingly, can be considered as the
recommended direction for future research.

Above all, it would be meaningful to implement certain additional methodologies based on fuzzy
logic as well. One of the most popular in the literature is the fuzzy regression analysis [53,54]. Here,
the main task is to estimate the parameters of the regression model, and these parameters represent
fuzzy numbers. To solve this problem, there are three general approaches used [55]: linear and
non-linear programming methods (possibilistic regression analysis), fuzzy least squares methods,
and machine-learning techniques. Within these approaches, numerous sub directions exist. Having in
mind that we apply Type-2 fuzzy sets in this paper, it would be interesting to compare the obtained
results with Type-2 fuzzy regression analysis [56-63].

When it comes to the practical implications of this research, in the authors’ opinion both speed
and space capabilities are important for safe maneuvers in traffic, and this is the reason why both of
them are considered in this research. However, the results obtained can be explained in the way that
the drivers who record low scores on the spatial abilities test do not possess good skills related to
vehicle position in the environment, which in turn could increase the likelihood of RTAs involvement.
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The result of this research can be very useful for policy-makers in the field of traffic safety.
Modifications have to be undertaken to adapt education and training programs in order to improve
space perception which could result in reducing the number of RTAs. The results from numerous
studies confirm that spatial cognition can be improved by training [64—67]. This fact can be used when
creating the training programs for young drivers applying for a driver’s license, for drivers whose
driver’s license has been revoked, in the recruitment procedures for professional drivers, as well as,
in the programs for older drivers whose spatial abilities may decline with aging. All these programs
should contribute to lowering the number of RTAs in the whole world and to a higher level of safety
on the roads.

4. Conclusions

In this paper, the authors performed the testing of the interval Type-2 fuzzy inference systems
to compare the impact of speed and space perception on the occurrence of road traffic accidents.
By analyzing three proposed T2FIS structures, the results of the research indicate that the space assessment
characteristics better explain the participation in RTAs compared to speed assessment capabilities.

This result may be useful for improving traffic safety. Other authors also support the conclusion
from this paper. Conclusions drawn from the results of our study are consistent with research
showing that drivers’ negligence, speeding, and misperception of space are the main causes of RTAs,
while drivers being responsible for about 90% RTAs [68]. Having in mind both human and material
losses that all countries globally experience due to RTAs, the need arises for this type of investigation
which will contribute to the understanding of the circumstances of RTA occurrence and the development
of better traffic safety measures.

The implemented methodology can be further improved in future research. Here, the statistical
approach implying the multiple regression analysis and the concept of a Mamdani-based fuzzy
inference system are used. It turned out that these two gave similar results. However, other approaches
are welcome, such as fuzzy regression analysis, intuitionistic fuzzy sets, Sugeno fuzzy inference
systems, etc. Furthermore, the optimization procedure of the current T2FIS structures would be
meaningful as well. This would include the implementation of certain metaheuristic algorithms to
find as good as possible shapes and positions of membership functions, as well as an adequate fuzzy
rules base.
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Appendix A

Table Al. The fuzzy rules obtained from the empirical data in the case of joint speed and space
capabilities assessment.

Serial No. Serial No. Serial No. Serial No. Serial No. Serial No.

D(Rule) of MF for of MF for of MF for of MF for of MF for of MF for

Variable x{ Variable x, Variable x3 Variable x4 Variable x5 Variable y
0.80239 1 1 1 1 4 1
0.30215 2 1 1 2 3 1
0.20504 2 1 1 3 2 1
0.23063 2 1 2 2 1 1
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Table Al. Cont.

Serial No. Serial No. Serial No. Serial No. Serial No. Serial No.
D(Rule) of MF for of MF for of MF for of MF for of MF for of MF for
Variable x; Variable x, Variable x3 Variable x4 Variable x5 Variable y

0.12946
0.29663
0.34355
0.32337
0.16547
0.30893
0.29847
0.25239
0.27987
0.55092
0.30552
0.33059
0.32500
0.20980
0.11413
0.15930
0.11327
0.22223
0.33499
0.32831
0.48439
0.28653
0.27443
0.39459
0.33644
0.31541
0.38599
0.35078
0.36788
0.31414
0.20192
0.24565
0.31204
0.28458
0.35178
0.40288
0.40232
0.54969
0.12764
0.55967
0.38411
0.49525
0.44577
0.59369
0.28958
0.51937
0.50663
0.40022
0.40399
0.28975
0.40760
0.17203
0.34380
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Table Al. Cont.

Serial No. Serial No. Serial No. Serial No. Serial No. Serial No.
D(Rule) of MF for of MF for of MF for of MF for of MF for of MF for
Variable x; Variable x, Variable x3 Variable x4 Variable x5 Variable y

0.28869
0.51539
0.39328
0.33181
0.16842
0.23263
0.15876
0.16198
0.12092
0.21504
0.19945
0.14372
0.13577
0.29205
0.26880
0.37232
0.38626
0.29795
0.30276
0.40495
0.28480
0.19056
0.30128
0.33724
0.51798
0.07449
0.50251
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