CEUR-WS.org/Vol-3171/paperl01.pdf

Intelligent Analysis of Best-Selling Books Statistics on Amazon

Andrii Vasyliuk®, Yurii Matseliukh?, Taras Batiuk®, Mykhailo Luchkevych?, Iryna Shakleina?,
Halyna Harbuzynskal, Serhii Kondratiuk! and Ksenia Zelenskal

! Lviv Polytechnic National University, S. Bandera Street, 12, Lviv, 79013, Ukraine
2 lvan Franko Drohobych State Pedagogical University, I. Franko Street, 24, Drohobych, 82100, Ukraine

Abstract

A data set of 550 elements was analyzed during the study, containing data on books: title,
author, number of reviews, price, and rating. Smoothing methods were used to average local
data for further forecasting, in which non-systematic elements replace each other. Clear graphs
without sharp peaks were obtained. Based on which the methods of moving average, weighted
moving average, exponential smoothing and median filtering, it was found that the books that
became bestsellers in 2009-2011 did not have a high response rate. While in the following 2012
to 2019, there was an increase in the number of reviews; the average was 25,000 per book.
Examining the correlation between Reviews and Prices, we found a relationship that indicates
that books priced above $ 60 typically have no more than 10,000 reviews. Books priced from
$ 40 to $ 60 have an average of no more than 20,000 reviews. Books up to $ 20 have different
reviews, but mostly this value does not exceed 40,000, and those books that have more are the
exception rather than the rule.

The clustering method was applied to the 12 authors who wrote the bestsellers, and after
normalizing the table and building proximity tables, we identified clusters.
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1. Introduction

A system analyst is a specialist whose responsibilities include data collection, processing and
visualization. Thus, these data can benefit stakeholders and help test hypotheses or find patterns to help
make the right decisions. However, to achieve this goal, the analyst must understand how to work with
data, identify important and unimportant, know and apply different visualization methods, and have the
skills to work with different means of interpreting data. In today's world, no industry can do without
the study of statistics because they can qualitatively track current trends and predict future phenomena
or human behaviour [1-5].

This work aimed to use methods of visualization of selected statistics, graphical display to determine
trends in the behaviour of various indicators, acquaintance with the methods of correlation analysis,
and presentation of the analysis results using an MS Excel spreadsheet.

The objectives of the work are:

to carry out preliminary statistical processing;

identify trends in the time series by smoothing methods;
perform correlation analysis;

perform cluster analysis.
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2. Literature review

Analysis of data on various socio-economic indicators has been conducted previously by many
scientists [6-10]. Prominent examples of public opinion research include [11-13], which studies which
book author received the highest average rating, which author wrote the most bestsellers, which book
received the most reviews, which genres became bestsellers more often how their ratings differ, etc.
[14-27]. The advantage is that the author [11] analyzed important indicators to conclude specific authors
and genres, but the disadvantage is that the author did not use smoothing methods. Also, the author [11]
identified the most popular author only based on rating, not taking into account the number of reviews.
The fact that the author [11] got rid of repetitions and cleaned the sample is an advantage and indicates
the reliability of the results and minimization of deviations. In addition, the author [11] constructed a
correlation matrix and visualized the results.

Many authors [12, 13] use various methods of data visualization. Other similar results include the
works [28-30]. The authors [28, 29] conducted data research by constructing a histogram based on
rating data, reviews, prices, and a bar chart. The author [30], in turn, built histograms and pie charts and
used the method of linear regression. In addition, he built a heat map on which he reflected the
dependencies of ratings, reviews and prices. Intelligent systems are used each time in new areas [31,
32], allowing successful management decisions.

3. Methods

The histogram is constructed for simple representation of tabular data, using two axes that display
specific parameters and columns (rectangles) of the same width but different heights for visual
comparison with other columns [33-39]. This comparison allows you to understand the difference
between the selected elements simply.

There are two types of time series smoothing approaches: analytical and algorithmic. Analytical is
based on assumptions, where the most striking examples may be the visual dependence of data in
various functions, such as hyperbola, exponent, parabola, etc. One of the above functions will be
suitable for a specific dependence, and the evaluation itself will be performed on this function.
However, the algorithmic approach uses other methods, such as moving averages. This method is that
at a particular time interval, the average value is chosen instead of the initial ones, respectively as if the
angles are smoothed, which can be seen visually on the graph.

Smoothing with Kendall formulas is based on comparing hypotheses [40-43]. Specific indicators
are "ranked" - sorted by a certain parameter. Similarities/coincidences are determined, the sum of
coincidences is calculated according to certain formulas, and the sum of inversions is calculated. The
significance level is determined, and conclusions can be drawn from hypotheses.

Exponential smoothing is used to detect trends over some time. The principle is one-parameter, i.e.,
its only parameter is the alpha, which is selected under certain conditions. The smoothing method's
result strongly depends on the smoothing parameter alpha, where the less alpha - the more smoothed
levels on the graph where we analyze them.

We will use correlation analysis as one of the research methods [1, 2, 40-43]. This method is used
in various fields where statistics are used. It shows the relationship between two or more parameters.
The method can be used to conclude according to statistical data and construct statistical probabilities
in the form of diagrams for a visual understanding of the relevant dependencies.

The correlation field is conditionally a graph of the dependence of the x and y axes. It is a built-in
correlation analysis, whereafter construction; you can determine the nature of the dependence, its
direction and form. It is a visual representation of the correlation, which helps assess the dependencies
of certain statistics better.

4. Experiments

At the beginning of our work, we had 550 rows of data. Our team intended to clear the data of
duplicate books, as one book could be a bestseller for several years. Still, after researching the available



information, we realized that it is necessary to keep a history for a comprehensive analysis of anti-
aliasing methods. That's why we decided to leave the dataset unchanged. So, we have 550 books sorted
over 11 years at the group level (Table 1). Then, we sorted the books by year and assigned the authors
an ID (Table 2).

Table 1
The beginer of the dataset

User Revie

ID Name Author Rating WS Price Year Genre
1 Act Like a Lady Think Like a Man: Steve 4,6 5013 17 2009 Non-
What Men Think About Love, Harvey Fiction

Relationships, Intimacy and
Commitment

2 Arguing with Idiots: How to Stop Glenn 4,6 798 5 2009 Non-

Small Minds and Big Government Beck Fiction

3 Breaking Dawn (The Twilight Saga Stephenie 4,6 9769 13 2009  Fiction
Book 4) Meyer

4 Crazy Love: Overwhelmed by a Francis 4,7 1542 14 2009 Non-

Relentless God Chan Fiction

5 Dead And Gone: A Sookie Charlaine 4,6 1541 4 2009 Fiction
Stackhouse Novel (Sookie Harris

Stackhouse/True Blood)

Table 2
The end of the dataset

User Revie

ID Name Author Rating ws Price Year Genre
546 Unicorn Coloring Book: For Kids Silly Bear 4,8 6108 4 2019 Non-
Ages 4-8 (US Edition) (Silly Bear Fiction

Coloring Books)
547 What Should Danny Do? (The Adir Levy 4,8 8170 13 2019  Fiction
Power to Choose Series)

548 Where the Crawdads Sing Delia 4,8 8784 15 2019  Fiction
Owens 1
549 Wrecking Ball (Diary of a Wimpy Jeff 4,9 9413 8 2019  Fiction
Kid Book 14) Kinney
550 You Are a Badass: How to Stop Jen 4,7 1433 8 2019 Non-
Doubting Your Greatness and Start Sincero 1 Fiction

Living an Awesome Life

Our dataset consists of seven columns [28-30]:
ID - normal identifier;
Name - the title of the book;
Author - the author of the book;
User rating - readers' rating, up to 5 points;
Reviews - readers' reviews of the book;
Price - the price of the book;
Genre is the genre of the book.
We chose only two genres: Fiction and Non-fiction. Most of the bestsellers from our dataset were
written by authors such as Stephanie Meyer, Stephen King, Rick Riordan, John Grisham, Jeff Kinney,
J.K. Rowling, George R.R. Martin, and Dav Pilkey, Bill O'Reilly. If you analyze the column User rating,



the rating ranges from 3.3 to 4.9. "The Casual Vacancy" by J.K. Rowling had the lowest rating among
our sample, but 27 books received the highest marks.

The book entitled "Divine Soul Mind Body Healing and Transmission System: The Divine Way to
Heal You, Humanity, Mother Earth, and All Universes" by Zhi Gang Sha received as many as 37
reviews. It is interesting to note that the following book has the least number of reviews from the same
author. On the other hand, the book from Delia received the most reviews from Owens, entitled "Where
the Crawdads Singy, - with an incredible number - 87841.

Surprisingly, the price of the book also affects its success. Thus, in our dataset, prices ranged from
$ 1 (10 books) to $ 105 ("Diagnostic and Statistical Manual of Mental Disorders, 5th Edition: DSM-5"
from the American Psychiatric Association).

We had only two genres - Fiction and Non-fiction. One hundred fifty-nine books of the genre are
fiction, and one hundred eighty-six books are Non-fiction. Thus, we can say that non-fiction books
became bestsellers more often than fiction.

Ivan Naratov [29], using the same dataset, identified the best authors by user rating (Fig. 1)

Author User Rating
MNathan W. Pyle 4.9
Patrick Thorpe 48

Eric Carle 4.9
Emily Winfield Martin 49
Chip Gaines 4.5

Jill Twiss 4.9

Rush Limbaugh 4.9
Sherri Duskey Rinker 4.9
Alice Schertle 4.9
Pete Souza 4.9
Sarah Young 4.5
Lin-Manuel Miranda 4.9
Eill Martin Jr. 4.9

Figure 1: The best authors for Ivan Naratov

After analyzing the data, we determined:

e  The following 13 authors have the highest rating: Nathan W. Pyle, Patrick Thorpe, Eric Carle,

Emily Winfield Martin, Chip Gaines, Jill Twiss, Rush Limbaugh, Sherri Duskey Rinker, Alice

Schertle, Pete Souza, Sarah Young, Lin-Manuel Miranda, Bill Martin Jr., Dav Pilkey. Their average

rating is 4.9. If you buy a book, you should look at these authors.

e  Authors who wrote the most bestsellers: Jeff Kinney - 12 books, Rick Riordan - 10, JK Rowling

- 8, Stephenie Meyer - 7, Dav Pilkey - 6, Bill O'Reilly - 6, John Grisham - 5, EL James - 5, Suzanne

Collins - 5, Charlaine Harris - 4. These authors always have something worth reading.

e  The most reviewed books are the followings: Where the Crawdads Sing - 87841 reviews, The

Girl He the Train - 79446, Becoming - 61133, Gone Girl - 57271, The Fault in Our Stars - 50482.

The analysis identified which authors received the highest ratings from readers, which authors wrote
the most bestsellers, and which books received the most reader reviews.

In addition, it was found that non-fiction literature is increasingly becoming a bestseller, but users
also prefer fiction, which confirms the statistically significant results obtained during testing.

5. Results

Our team took a sample of all elements and two columns - ID and Reviews to conduct descriptive
statistics. The main type of data visualization in experimental and scientific-practical research reports
is graphs. The graph shows the relationship between two quantities, one of which is an independent
variable and its value, and the second variable is dependent and its value.

On the graph "Dynamics of the indicator”, we have shown the dynamics of responses to each book.
The book id is an independent variable, and the number of reviews is dependent (Fig. 2, Fig.3).
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Figure 2: Graphical representation of the dynamics of the indicator in the Cartesian coordinate system
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Figure 3: Graphical representation of the dynamics of the indicator in the polar coordinate system

In addition to the tabular and graphical representation of data, they are accompanied by their general
numerical and statistical characteristics, which relate to descriptive or descriptive statistics.

The volume of our sample is 550. Let's start with the arithmetic mean, which measures the major
trend that reflects this sample's most characteristic value. The formula determines it [33-43]:

_ 1
IT:;EXE .

(1)

where n is the sample size.

Mode (denoted by "Mo") is the most common value among the variables sample.

Median (denoted by "Me") is a value that bisects an ordered set of variables, i.e., to determine the
median, you need to sort the data, for example, in ascending order.

The values of mean, mode and median are close to each other. They are equal in an ideal normal
distribution because they have the same meaning: the middle of the distribution.

Scope (interval) - an indicator that indicates the width of the range of values. It is equal to the
difference between the maximum and minimum values.



Standard deviation (o) - is a measure of variability (variation) of the trait, which reflects the
magnitude of its variance relative to the arithmetic mean [33-43]:
| n (2)

where n is the sample size.
For a more accurate and clear idea of the variation of the values of the indicator relative to the
average, the coefficient of variation is used [19-29]:
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where ¢ is standard deviation.

Coefficient of variation expresses the degree of variability of the sign-in per cent. Asymmetry is an
indicator that reflects the skew of the distribution relative to the fashion to the left or right. For left-
handed or positive, asymmetry in the distribution, lower values are more common, and for right-handed
or negative - higher.

Excess is an indicator that reflects the height of the distribution. In those cases, any reasons promote
the emergence of close to average values, the distribution with positive excess is formed. Suppose
extreme values dominate the distribution and, at the same time, lower and higher. In that case, such a
distribution is characterized by negative excess, and in the center of the distribution may form a
depression, which turns it into two vertices. The results of these indicators can be seen in Table 3.

Table 3
Results of descriptive statistics prepared for the report (quantitative data are presented with two
digits)

Head 1 Head 2 Head 3
Sample size n= 550,00
Average X = 11993,73
Standard error e= 153,14
Mode M, = 8580,00
Median M, = 8580,00
Sampling range P = 87804,00
Standard deviation = 11758,31
Sampling variance D = 138257875,10
Coefficient of variation v= 0,98
Asymmetry = 2,40
Excess E = 8,67
Minimum min = 37,00
Maximum max = 87841,00
The sum 2= 6596552,00
Interval I = 87804,00

So, analyzing the results (Table 3), we can say that:

e  The average number of reviews for the book is 11993;

e  Fashion and median are the same.

e  Width of our range - scope - 87804,

e  The measure of the variability of responses is the value equal to 11758, and the coefficient of
variation = 0.98, which is quite low;

e  Asymmetry is equal to 2.39. Lower values are more common in the distribution, so it is left-
handed (positive).



If the obtained data form a normal representative sample, i.e., a sample whose volume is sufficient
to determine their distribution, traditionally, to establish its type, a histogram is built. It is also a chart
that clearly shows the method of grouping data by some essential features.

The most problematic in constructing a histogram is choosing the number of grouping intervals, i.e.
the number of groups divided into the sample. There are several dozen formulas for selecting or
determining the number of partition intervals, but the two most common are:

Sturges’ formula is following [19-29]:

k=1+ log, n (4)

where k is number of intervals.
Scott's formula is following [19-29]:
h=35.5s-n 13 = 3;_3 Gl
AR ,
where h is the width of the interval, and s is the standard deviation of the values of the series.

The number of intervals k is equal 10,103288 by the Sturges’ formula, and the interval width h is
equal 5022,9488 by the Scott's formula.

Based on the image of the histogram, the analysis of frequencies of values is carried out for
approximation of empirical density of the law of distribution of initial data - the received histogram by
some analytical function.

When constructing our histogram, based on the results according to the formulas of Sturgess and
Scott, we obtained the following histogram (Fig. 4). You can see that based on the histogram image
used - hyperbolic distribution law, hyperbolic function.
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Figure 4: Histogram

The main disadvantages of the histogram are: subjectivity in choosing the number of grouping
intervals, the value of the arithmetic mean, modes and medians given to the size of the interval, and the
limited number of approximation nodes.

However, some of these shortcomings can be eliminated by using the method of constructing a
histogram to construct a cumulative - empirical graph of the distribution law function. The results of
which can be seen in Fig. 5.

6. Discussion

Smoothing methods can be divided into two classes based on analytical and algorithmic approaches
[19-29]. In the algorithmic approach, the appearance of the trend is obtained due to various algorithms



that practically implement smoothing procedures [44-56]. These procedures provide the researcher only
with an algorithm for calculating the new value of the time series at any given time t.

These methods can be classified as follows [55-78]:

e simple or ordinary moving average;

e weighted moving average;

e exponential smoothing;

e median smoothing.

For these methods, we used the entire sample size in 2 categories - ID and Reviews.
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Figure 5: The cumulate is based on histograms

Smoothing, according to Kendall formulas [44], is a simple moving average when smoothing the
data, using different sizes of smoothing intervals w = 3, 5, 7, 9, 11, 13, 15, got seven consecutive
columns. After graphical construction of each smoothing interval, we obtained the following graphs
(Fig. 6-12). According to them, it can be clearly stated that the larger the interval, the smoother the
curve. Smoothed the data using the size of the smoothing interval w = 3 (Fig. 6), w=5 (Fig. 7), w=7
(Fig. 8), w =9 (Fig. 9), w = 11 (Fig. 10), w = 13 (Fig. 11), w = 15 (Fig. 12).

Moving Average w=3
100000 -
80000 -
60000 -

o | | I' —— Actual
et AM A AR A i Lo —— Forecast
0 M o bl 'I Ll T RAT M Iy I

Value

1 51 101 151 201 251 301 351 401 451 501
Data Point

Figure 6: The result of smoothing at w =3

The obtained data were again smoothed, but using the size of the smoothing interval w =5 (w = 3)
(Fig. 13). Smoothing of the obtained data was continued with a smoothing interval w = 7 (w = 5)
(Fig. 14) and until w = 15 (w = 13) (Fig. 19). Table 4 show the obtained consecutive seven columns.
After graphical construction of each smoothing interval, we obtained the following graphs (Fig. 13-19).
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Figure 7: The result of smoothingatw =5
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Figure 8: The result of smoothingatw =7
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Figure 9: The result of smoothingatw =9
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Figure 10: The result of smoothing at w =11
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Figure 11: The result of smoothing at w =13
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Figure 12: The result of smoothing at w = 15
Table 4 show the obtained consecutive seven columns. After graphical construction of each
smoothing interval, we obtained the following graphs (Fig. 13-19).

Table 4
The result of smoothing consistentlyatw=3,5,7,9, 11, 13, 15
w=5(w=3) w=7(w=5) w=9(w=7) w=11(w=9) w=13 w=15 w=17
(w=11) (w=13) (w=15)
#N/A #N/A #N/A #N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A #N/A #N/A #N/A
4504,56 #N/A #N/A #N/A #N/A #N/A #N/A
3955,08 #N/A #N/A #N/A #N/A #N/A #N/A
3525,07 3525,07 #N/A #N/A #N/A #N/A #N/A
2956,73 3150,70 #N/A #N/A #N/A #N/A #N/A
2412,00 2893,20 3041,38 #N/A #N/A #N/A #N/A
1879,00 2702,03 2702,96 #N/A #N/A #N/A #N/A
1896,40 2613,14 2613,14 2811,37 #N/A #N/A #N/A
2333,13 2533,26 2647,64 2742,53 #N/A #N/A #N/A
2687,80 2435,09 2621,84 2697,29 3037,82 #N/A #N/A
2992,33 2384,83 2631,04 2668,89 2865,30 #N/A #N/A
3099,07 2594,26 2642,57 2642,57 2796,60 2954,15 #N/A
3088,53 2725,03 2607,92 2649,13 2756,70 2815,85 #N/A
2737,93 2752,94 2608,13 2631,25 2695,51 2729,45 2865,38
2384,80 2803,57 2582,95 2651,48 2692,69 2701,17 2755,03

2356,00 2734,83 2656,73 2687,93 2687,93 2670,96 2707,28
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Figure 13: The result of smoothing at w =5 (w = 3)
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Figure 14: The result of smoothing at w =7 (w =5)
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Figure 15: The result of smoothingatw =9 (w =7)
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Figure 16: The result of smoothingatw =11 (w=9)
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Figure 17: The result of smoothing at w =13 (w =11)
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Figure 18: The result of smoothing at w = 15 (w = 13)
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Figure 19: The result of smoothing at w =17 (w = 15)
The number of turning points and their correlation coefficients between the original and smoothed
values were found for each smoothing (Table 5).

Table 5
The number of turning points and the correlation coefficient for each w
Turn. w=3 w=5 w=7 w=9 w=11 w=13 w=15 w=5 w=7 w=9 w=11 w=13 w=15 w=17
points 3 _(5) (7) (9 (11) (13) (15)
Number 288 290 272 276 288 288 274 150 100 84 64 58 56 30
TP
Cor. 0,646 0,556 0,490 0,429 0,400 0,385 0,365 0,353 0,266 0,234 0,221 0,213 0,206 0,204
coeff.




After the results, you can see that turning points become less than individual smoothing with
sequential smoothing.

Smoothing according to formulas from Pollard. Here, depending on the size of the smoothing
interval, the weight for the main level will change. Smoothing was performed in the same way as in the
previous paragraph. The result of smoothing according to Pollard's formulas is presented in Fig.20 —
Fig. 26.
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Figure 20: The result of smoothing according to Pollard formulas at w = 3
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Figure 21: The result of smoothing according to Pollard formulas atw =5
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Figure 22: The result of smoothing according to Pollard formulas atw =7
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Figure 23: The result of smoothing according to Pollard formulas atw =9
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Figure 24: The result of smoothing according to Pollard formulas at w =11
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Figure 25: The result of smoothing according to Pollard formulas at w = 13
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Figure 26: The result of smoothing according to Pollard formulas at w = 15



Therefore, comparing with the method of smoothing according to Kendall's formulas, we can say
that smoothing according to Pollard's formulas does not give such a smooth result as the previous
method, which can be seen when comparing the presented graphs. The result of smoothing according
to Pollard formulas at w = 5 (w = 3) we present in Fig.27, w=7 (w=5) —in Fig.28, w=9 (w=7) —in
Fig.29, w =11 (w=9) —in Fig.30, w = 13 (w = 11) — in Fig.31, w = 15 (w = 13) — in Fig.32, w = 17
(w =15) —in Fig.33.
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Figure 27: The result of smoothing according to Pollard formulas at w =5 (w = 3)
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Figure 28: The result of smoothing according to Pollard formulas at w =7 (w = 5)
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Figure 29: The result of smoothing according to Pollard formulas atw =9 (w =7)
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Figure 30: The result of smoothing according to Pollard formulas at w =11 (w =9)
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Figure 31: The result of smoothing according to Pollard formulas at w = 13 (w = 11)
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Figure 32: The result of smoothing according to Pollard formulas at w = 15 (w = 13)
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Figure 33: The result of smoothing according to Pollard formulas at w =17 (w = 15)



Exponential smoothing. An essential feature of the use of exponential averages is the justification
of the value of the smoothing parameter. The smaller it is, the more the levels in the analyzed series are
smoothed. It means an increase in specific. This method of smoothing is widely used in forecasting
economic time series. The main parameter of exponential smoothing is the parameter - «, which takes
values from 0.1 to 0.3.

We smoothed the same series with different values of the parameter «: 0.1, 0.15, 0.2, 0.25, 0.3. In
all these cases, we found for each smoothing the number of turning points and correlation coefficients
between the original values and the smoothed ones. The result of exponential smoothing at « = 0.1 we
present in Fig.34, at a = 0.15 — in Fig.35, at « = 0.2 — in Fig.36, at « = 0.25 — in Fig.37, at « = 0.3 —in
Fig.38.
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Figure 34: The result of exponential smoothing at @ = 0.1
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Figure 35: The result of exponential smoothing at & = 0.15
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Figure 36: The result of exponential smoothing at a = 0.2



Exponential Smoothing a=0,25
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Figure 37: The result of exponential smoothing at o = 0.25
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Figure 38: The result of exponential smoothing at a = 0.3

When plotting exponential smoothing graphs, we noticed that the smaller the alpha, the smoother
the graph itself. The number of turning points and the correlation coefficient for each « are shown in
Table 6.

When analyzing the Table 6 of the number of turning points and correlation coefficients, we can see
that the greater the alpha - the greater the coefficient.

Table 6
The number of turning points and the correlation coefficient for each a
Turning points a=0,1 a=0,15 a=0,2 a=0,25 a=0,3
Number of turning points 268 272 276 282 290

Correlation coefficient 0,245864 0,233523 0,222536 0,211596 0,20043

Median smoothing. The median refers to the distributive mean, i.e., the value of the feature that
takes place in the middle of the variation series and, in contrast to the arithmetic mean, which
summarizes the indicator's value, leaves the value of the indicator that corresponds to the median.

Median smoothing is as following.

e  Eliminates single extreme or anomalous values of levels that are at least half the distance from

the smoothing interval;

e Maintains sharp differences in trends (moving average and exponential smoothing lubricates

them);

e  Effectively eliminates single levels with very large or very small values that are random and

stand out sharply among other levels;



e When re-applying the median smoothing at a constant window interval size, the differences in

the behaviour of the levels persist as long as there are changes in the smoothed series.

The main properties of the median are as follows: the number of positive deviations from the median
is equal to the number of negatives, and the sum of the absolute deviations of the sampling option
relative to the median is minimal.

When working on this method, our team used the same smoothing intervals as in previous methods
(w=3,5,7,9, 11, 13, 15) which is presented in the Fig.39 - Fig.45.
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Figure 39: The result of the median filtering at w =3
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Figure 40: The result of the median filtering atw =5
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Figure 41: The result of the median filtering atw =7

Median filter w=9

100000 -
30000 -
60000
40000 -
20000
0

Value

— Actual

Forecast

1 51 101 151 201 251 301 351 401 451 501
Data Paoint

Figure 42: The result of the median filtering atw =9



Median filter w=11
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Figure 43: The result of the median filtering at w =11
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Figure 44: The result of the median filtering at w =13
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Figure 45: The result of the median filtering at w = 15
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Correlation. We used the same sample of 100 elements in the correlation analysis [79-81] - ID and
Reviews. First, by constructing a correlation field (Fig. 46), you can visually assess the nature of the

connection.
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Figure 46: Visual assessment of the nature of communication



A sample correlation coefficient R is used to quantify the closeness of the connection. The sample
correlation coefficient R in absolute value does not exceed one. When calculating the correlation
coefficient, we obtained the following result: -0.057931 (Table 7). Graphs of autocorrelation functions
were constructed (Fig. 47).

Table 7
The number of turning points and the correlation coefficient for each w
Lag 0 1 2 3 4 5 6
Correlation coefficient 1 0,05822 0,011919 0,084232 -0,10941 -0,09268 -0,09931
1,2 1,2
1 i 1
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Figure 47: The graph of autocorrelation functions (a), and choreography (b)

We divided our 550 elements into the intervals what is shown in Table 8.

Table 8
Dividing the sequence into three equal parts
Part Part | Part Il Part Ill
Interval [1;183) [183;366) [366;549)
Number of sample items 182 182 182

The correlation matrix is a square table where the correlation coefficient between the corresponding
parameters is located at the corresponding row and column intersection.
We built a correlation matrix for them, which is shown in Table 9.

Table 9
Correlation matrix
Part Part | Part Il Part 1l
Part | 1
Part Il 0,030752 1
Part 1l -0,01009 -0,03414 1

Clustering. Cluster analysis is one of the methods of multidimensional statistical analysis, i.e., data
analysis when each observation is presented not by one certain indicator but by a set of values of
different indicators [82-101]. It includes several algorithms for forming the clusters themselves and
distributing objects by clusters.

Cluster analysis, first of all, solves the problem of adding structure to the data, i.e., their group
homogeneity, and provides a selection of compact, distant groups of objects, i.e., finds a "natural”
breakdown of the population in the cluster of objects. We created a table "object-property" for cluster
analysis, which is shown in Table 10.



Table 10
Object-property table

Authors who wrote the most Average rating The average number  Average
bestsellers of reviews price
Bill O'Reilly 4,6333 9074,166667 10,6667

Charlaine Harris 4,4500 1633 10,2500
Dav Pilkey 4,9000 7376,833333 6,6667

E LJames 4,3200 26149,2 15,6000
J.K. Rowling 4,5500 11470,5 23,8750
Jeff Kinney 4,8000 5623,5 9,5000
John Grisham 4,4000 12192,2 16,2000
Rick Riordan 4,7700 3954,1 10,2000
Stephenie Meyer 4,6571 6294 20,0000
Suzanne Collins 4,6750 24606,5 15,7500

The normalized table "object-property" shown in Table 11.

Table 11
The normalized object-property table
Authors who wrote the most Average rating The average number  Average
bestsellers of reviews price
Bill O'Reilly 0,5402 0,3035 0,2324
Charlaine Harris 0,2241 0,0000 0,2082
Dav Pilkey 1,0000 0,2343 0,0000
E L James 0,0000 1,0000 0,5191
J.K. Rowling 0,3966 0,4013 1,0000
Jeff Kinney 0,8276 0,1628 0,1646
John Grisham 0,1379 0,4307 0,5540
Rick Riordan 0,7759 0,0947 0,2053
Stephenie Meyer 0,5813 0,1901 0,7748
Suzanne Collins 0,6121 0,9371 0,5278

They have constructed a proximity table (Table 12). For convenience, the names and surnames of
the authors were replaced by a unique number from 1 to 10.

Table 12
The proximity tables
Authors who 1 2 3 4 5 6 7 8 9 10
wrote the most
bestsellers

1 0,000 0,439 0,520 0,927 0,787 0,327 0,530 0,316 0,556 0,703
2 0,439 0,000 0,837 1,071 0,904 0,627 0,559 0,560 0,696 1,063
3 0,520 0,837 0,000 1,362 1,180 0,249 1,043 0,334 0,882 0,961
4 0,927 1,071 1,362 0,000 0,864 1,229 0,587 1,233 1,029 0,615
5 0,787 0,904 1,180 0,864 0,000 0,970 0,516 0,932 0,360 0,746
6 0,327 0,627 0,249 1,229 0,970 0,000 0,836 0,095 0,659 0,882
7 0,530 0,559 1,043 0,587 0,516 0,836 0,000 0,801 0,551 0,694
8 0,316 0,560 0,334 1,233 0,932 0,095 0,801 0,000 0,609 0,917
9 0,556 0,696 0,882 1,029 0,360 0,659 0,551 0,609 0,000 0,787
10 0,703 1,063 0,961 0,615 0,746 0,882 0,694 0,917 0,787 0,000




The distance between objects was measured in the Euclidean metric (Table 12). It is also called the
Euclidean distance and was calculated by the following formula.

(6)

4
dg = | 2y —xpF

p=1

)

where de is the Euclidean distance.
Carried out the association of clusters are presented in Table 13- Table 20.

Table 13
The merging 9 clusters
Authors 1 2 3 4 5 [6,8] 7 9 10
1 0,000 0,439 0,520 0,927 0,787 0,316 0,530 0,556 0,703
2 0,439 0,000 0,837 1,071 0,904 0,560 0,559 0,696 1,063
3 0,520 0,837 0,000 1,362 1,180 0,249 1,043 0,882 0,961
4 0,927 1,071 1,362 0,000 0,864 1,229 0,587 1,029 0,615
5 0,787 0,904 1,180 0,864 0,000 0,932 0,516 0,360 0,746
[6,8] 0,316 0,560 0,249 1,229 0,932 0,000 0,801 0,609 0,882
7 0,530 0,559 1,043 0,587 0,516 0,801 0,000 0,551 0,694
9 0,556 0,696 0,882 1,029 0,360 0,609 0,551 0,000 0,787
10 0,703 1,063 0,961 0,615 0,746 0,882 0,694 0,787 0,000
Table 14
The merging 8 clusters
Authors 1 2 [3,6,8] 4 5 7 9 10
1 0,000 0,439 0,520 0,927 0,787 0,316 0,530 0,556
2 0,439 0,000 0,837 1,071 0,904 0,560 0,559 0,696
[3,6,8] 0,520 0,837 0,000 1,362 1,180 0,249 1,043 0,882
4 0,927 1,071 1,362 0,000 0,864 1,229 0,587 1,029
5 0,787 0,904 1,180 0,864 0,000 0,932 0,516 0,360
7 0,316 0,560 0,249 1,229 0,932 0,000 0,801 0,609
9 0,530 0,559 1,043 0,587 0,516 0,801 0,000 0,551
10 0,556 0,696 0,882 1,029 0,360 0,609 0,551 0,000
Table 15
The merging 7 clusters
Authors [1,3,6,8] 2 4 5 7 9 10
[1,3,6,8] 0,0000 0,4389 0,9269 0,7870 0,5305 0,5556 0,7027
2 0,4389 0,0000 1,0709 0,9042 0,5590 0,6962 1,0634
4 0,9269 1,0709 0,0000 0,8643 0,5868 1,0292 0,6154
5 0,7870 0,9042 0,8643 0,0000 0,5164 0,3597 0,7460
7 0,5305 0,5590 0,5868 0,5164 0,0000 0,5506 0,6942
9 0,5556 0,6962 1,0292 0,3597 0,5506 0,0000 0,7873

10 0,7027 1,0634 0,6154 0,7460 0,6942 0,7873 0,0000




Table 16
The merging 6 clusters

Authors [1,3,6,8] 2 4 [5,9] 7 10
[1,3,6,8] 0,0000 0,4389 0,9269 0,5556 0,5305 0,7027
2 0,4389 0,0000 1,0709 0,6962 0,5590 1,0634
4 0,9269 1,0709 0,0000 0,8643 0,5868 0,6154
[5,9] 0,5556 0,6962 0,8643 0,0000 0,5164 0,7460
7 0,5305 0,5590 0,5868 0,5164 0,0000 0,6942
10 0,7027 1,0634 0,6154 0,7460 0,6942 0,0000
Table 17
The merging 5 clusters
Authors [1,2,3,6,8] 4 [5,9] 7 10
[1,2,3,6,8] 0,0000 0,9269 0,5556 0,5305 0,7027
4 0,9269 0,0000 0,8643 0,5868 0,6154
[5,9] 0,5556 0,8643 0,0000 0,5164 0,7460
7 0,5305 0,5868 0,5164 0,0000 0,6942
10 0,7027 0,6154 0,7460 0,6942 0,0000
Table 18
The merging 4 clusters
Authors [1,2,3,6,8] 4 [5,7,9] 10
[1,2,3,6,8] 0,0000 0,9269 0,5305 0,7027
4 0,9269 0,0000 0,5868 0,6154
[5,7,9] 0,5305 0,5868 0,0000 0,6942
10 0,7027 0,6154 0,6942 0,0000
Table 19
The merging 3 clusters
Authors [1,2,3,5,7,6,8,9] 4 10
[1,2,3,5,7,6,8,9] 0,0000 0,5868 0,6942
4 0,5868 0,0000 0,6154
10 0,6942 0,6154 0,0000
Table 20
The merging 2 clusters
Authors [1,2,3,4,5,7,6,8,9] 10
[1,2,3,4,5,7,6,8,9] 0,0000 0,6154
10 0,6154 0,0000

Procedure for merging clusters is presented in Table 21.

Visualization of the cluster analysis results is carried out using a dendrogram, i.e. a graphical
representation of the results of sequential clustering, which is carried out in terms of the proximity
matrix.

Using a dendrogram, you can graphically or geometrically represent the clustering procedure,
provided that this procedure operates only with elements of the matrix of distances or similarities.



Table 22
The procedure for merging clusters

Steps Merge Node Metric

6+8 di1 0,094693412
2 3+14 di2 0,248898592
3 1+17 di3 0,316028251
4 5+9 dia 0,359741928
5 2+18 dis 0,438890676
6 7+14 die 0,516402515
7 20+21 di7 0,530484628
8 4+41 dig 0,586804722
9 10+45 di9 0,615356846

Drawing horizontal lines in the plane of the dendrogram at a given height, in this case, allows you
to select individual clusters. (Fig. 48)
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Figure 48: The dendrogram and its interpretation

Interpretation of the dendrogram is presented in Fig.48. Drawing horizontal lines in the plane of the
dendrogram at a given height, in this case, allows you to select individual clusters (Fig.48). Analyzing



the constructed dendrogram, we can indicate that at the level of 0.4, we have, in principle, six fairly

clearly displayed clusters, which include such objects.
e l-stcluster - objects 6, 8, 3,1

2-nd cluster - object 2

3-rd cluster - objects 5, 9

4-th cluster - object 7

5-th cluster - object 4

6-th cluster - object 10

At level 0.5 we have 5 clusters

1-st cluster - objects 6, 8, 3, 1, 2

2-nd cluster - objects 5, 9

3-rd cluster - object 7

4-th cluster - object 4

5-th cluster - object 10

At the level of 0.6 we have 2 clusters

e  l-stcluster - objects 6, 8,3,1,2,5,9,7, 4

e  2-nd cluster - object 10

7. Conclusions

A dataset of 550 elements was analyzed during the study, containing data on books: title, author,
number of reviews, price, and rating.

By smoothing methods, we performed local averaging of data for another forecasting, in which non-
systematic elements mutually replace each other. In this way, we get clear graphs without sharp peaks.
Thus, we can conclude based on the moving average, weighted moving average, exponential smoothing,
and median filtering graphs. The books that became bestsellers in 2009-2011 did not have a large
response rate, mostly no more than 20,000, while in the following 2012-2019 there is an increase in the
number of reviews. Their number often peaked at 40,000 reviews, with an average of 25,000 per book.

Examining the correlation between Reviews and Prices, we found a relationship that indicates that
books priced above $ 60 typically have no more than 10,000 reviews. Books priced from $ 40 to $ 60
have an average of no more than 20,000 reviews. Books up to $ 20 have different reviews, but mostly
this value does not exceed 40,000, and those books that have more are the exception rather than the
rule.

The clustering method was applied to the 12 authors who wrote the bestsellers, and after normalizing
the table and building proximity tables, we identified clusters. According to the constructed
dendrogram, groups of clusters at levels 0.4, 0.5 and 0.6 can be seen. Interestingly, the ten objects are
clustered only in the last iteration.
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