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Abtract

This article examines the statistical analysis of measured quantities in experimental
equipment, specifically their verification using a normal distribution. It provides information on
the theoretical foundations of the normal distribution, its important properties, and practical
applications. A literature review demonstrates that this distribution is of great importance in
statistical analysis, regression, hypothesis testing, and quality control. Using the Statistica
program as an example, an analysis of the conformity of measurement results with a normal
distribution is conducted using visual and statistical methods. This paper serves as an important
methodological foundation for scientific and practical research.
Keywords

Normal distribution, Statistical analysis, Central limit theorem, Measurement results,
Descriptive statistics, Statistica program, Gaussian curve, Quality control.

In statistics, the normal distribution is one of the most common and best-studied
distributions of random variables. It is sometimes called the Gaussian distribution, because it was
first fully developed by the German mathematician Carl Friedrich Gauss. This distribution
accurately describes many real-life statistical phenomena, such as people's height and weight,
exam scores, or manufacturing errors.

One of the main properties of the normal distribution is that it is symmetrical. That is, its
graph — a bell curve — is symmetrical about the mean value (the mathematical expectation).
This means that values decrease with equal probability to the right and left of the mean
value. The most common value in this distribution is the mean value itself.

The normal distribution is characterized by two main parameters: the mathematical
expectation (u) and the variance (0?). The mean is the center (i.e., the highest point of the

distribution), and the variance is how spread out the values are around that center. The
smaller the variance, the closer the values are to the mean; the larger the variance, the more
spread out the values are.

This distribution is used as the basis for many statistical analysis and probability theory
methods. For example, regression analysis, hypothesis testing, and interval estimation rely on the
normal distribution. Many statistical formulas and methods are also based on the assumption of a
normal distribution, that is, they assume that the data obey a normal distribution.

Another important aspect of the normal distribution is related to the Central Limit
Theorem. This theorem states that if a sufficiently large number of independent random variables
are taken, their distribution will almost always approach a normal distribution. This fact allows
the normal distribution to be used very widely in statistics.

The normal distribution is one of the most widely studied and used probability
distributions in statistics. The scientific and textbook literature written about this distribution
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provides the main theoretical platform for statistical analysis, scientific research, and practical
economic calculations. The following is a review of important literature in this field and provides
references to them.

First of all, one of the classic works of statistical theory — William Feller's "An
Introduction to Probability Theory and Its Applications" (1950) — provides a thorough
theoretical analysis of the normal distribution. The author places the normal distribution at the
center of probability distributions and proves its reasonable application through the Central Limit
Theorem[1,8].

Also, the work "Statistical Methods" (8th edition) by George W. Snedecor and William G.
Cochran also pays great attention to the normal distribution. The book explains in detail how the
normal distribution is used in practical statistical analysis, especially in hypothesis testing and
calculating confidence intervals[2,7].

Another important source is Douglas C. Montgomery and George C. Runger's "Applied
Statistics and Probability for Engineers." This book explains how to use the normal distribution
in engineering, such as quality control and manufacturing processes, with practical examples.[3,6]

There are also many modern approaches to the normal distribution. For example, "The
Elements of Statistical Learning" (Hastie, Tibshirani, Friedman) examines how the normal
distribution is used in mechanical engineering, artificial intelligence, and data science. This work
examines the role of the normal distribution in the context of Bayesian statistics, regression, and
classification models[4,5].

In Uzbek, this topic is covered in statistics textbooks, including R. K. Mamatov's book
"Statistics." This textbook explains the definition, properties, graphs, and calculation methods of
the normal distribution in simple language. Currently, some Uzbek universities are using this
book as a basic textbook.

Literature analysis shows that the normal distribution is a very important distribution not
only theoretically, but also practically. This distribution is used to model, analyze and predict
many real-life phenomena. Therefore, every specialist studying statistics needs to have a deep
understanding of the normal distribution.

To facilitate the process of checking the normal distribution of measured values, it is
recommended to use ready-made software.

In order to easily understand the use of this software, we can take the measurement
results in the following example as an example.
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3 6 7 5 11 14 15 16
1 z 4 5 - 8 . 10 12 13
obsiD NiTno | POt | type | product | Pomvest |Productiol. o comment| ot | Loafvolume | ST | Ash | protein | FenE | Quien | Wt
1 1000410540 1/WW 2019 WW 19 19 Akvarn 1830, 15,7 0,53 11,1 356 86,4 5
2 1000388780 2 WW 2018 WW 18 18 Akvarn 1750, 14,8 0,48 109 407 93,8 285
3 1 4 WW 2019 WWw 19 19 | Akvarn 2060 13.2 0.62 11,8 381 81,7 359
4 1000402954 5 SW 2019 P sW 19 i 19 2480 16,5 06 13,6| 345 99,3 35,5
5 1376293 6 Blend 201 Blend 18 |BB Sjuholr 18 Akvarn 2230 14,6 0,57 13,1 430 93,8 36,1
6 1376292 10 WW 2018 WW 18 18 Akvarn 1930 15,2 0,55 12,4 411 92 35,2
3 1366814 13 WWw 2018 WW 18 18 1890 145 0,55 11,3: 391 819 318
8 1000390110 14 WW 2018 WW 18 18 A kvarn 1770 14,6 0,55 11.1; 412 89,2 31,6
9 1366427 15 Blend 201 8lend 18 |BSB Sjuholr 18 at g 2508 14,5 0,61 13,4| 431 EEEN 34,7
10 1000405440 17 WW 2019 WW 19 195 1936 154 0,59 11.7‘ 347 86,17 32,94
1" 1000394459 18 WW 2019 WW 19 19 | A kvarn 1990 144, 0.53 111 402| 86,7 319
12 1000411867 19 WW 2019 WW 19 19 Akvarn 1880 s 0,61 115| 380 96,4 32,3
13 1000397798 20 SW 2019 § SW 19 19's B 2576 14,1 0,67 14 321 93,79 39,67
14 1380024 21 Blend 201 Blend 18 |BB Sjuholr 18 Akvarn 2200 1438 0,59 13,3| 413 548 35,7
15 1000392795 23 Blend 201 Blend 19 |BB Sjuholr 19/s |Iate test baking [A 2584 152) 0,62 12_93 411| 91 35,7
16 1000398225 24 WW 2019 WW 19 19| Akvarn 2010 14,6 0,52 11,4 380 85,6 31,9
17 1000403908 25 SW 2019 I SW 18 19 2480 15,6 06 14,2| 384 95 37,6
18 1000383720 26 WW 2018 WW 18 18| Akvarn 1890 131 0,58 11 388 8% 32,2
19 1000413587 28 WW 2019 WW 19 19| | Akvarn 2020 153 0,58 11.43 399| 92,6 31,8
20 1 29 Blend 201 Blend 19 |BB Sjuholr 19| |Izte test baking |A kvarn 2787| 156 0,54 13,6 419| 97,1 37
21 1000387992 30 WW 2018 WW 18 18 Akvarn 1800 14 0,54 10,6/ 375 953 30
22 1000387167 32 WW 2018 WW 18 18| Akvarn 1710 13,9 0,67 10,5 386 88,9 27,6
23 1371382 33 WW 2018 wWw 18 18 | Akvarn 1920 14,6/ 0.6 12,3 400 95,1 333
24 1000394666 34 WW 2019 WW 19 19| | Akvarn 1930 13,2 05 11,4| 370| 91,9 308
25 1363629 35 Blend 201 Blend 18 |BB Sjuholr 18 at t g 2500 14,9 0,6 13,4 374 86,9 35,6
26 1373254 36 WW 2018 Ww 18 18 Akvarn 1810 141 0,58 11,3 387 89,7 353
27 1382089 37 Blend 201 Blend 18 |BB Sjuholr 18| | Akvarn 2540 15,4/ 0,63 14.4| 395 88,7 394
28 1364848 38 WW 2018 WW 18 18/s ate test baking A 1954 15,5 0,63 12,5| 414/ 78,52 34,85
29 1000408110 39 WW 2018 WW 19 19/ Akvarn 1840 13,1 0,49 11,1 377 96,5 30,5
30 1000403691 40 WW 2019 WW 19 19 2020 16,1 0,59 111 379 96,8 29,2

Picture-1. The data measured based on the results of the NIR equipment measurement of flour
products and the experience of the sample.

After downloading the data into the "Statistica" program, selecting the necessary variables from
the "Descriptive Statistics" section, and selecting the necessary settings, we will obtain normal
distribution results.

Select the variables for the analysis 2 >
OK
10 - Loaf volume Cancel
11 - Water content
- Ash [Bundles ]...
13 - Protein
14 - Falling number Use the "Show
15 - Gluten index appropriate
16 - Wet gluten varisbles onty”
option to
pre-screen

wariable lists and

show categornical

Select Al Spread Zoom and continuous
variables. Press
Select variables: F1 for more
information.

8 show appropriate variables only

Figure 2. The window for selecting variables to be tested for normal distribution in the Statistica
program.

765

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS




JOURNAL OF

ISSN NUMBER: 2751-4390
SCIENCES AND INNOVATIONS IMPACT FACTOR: 9.08
'z Descriptive Statistics: Spreadsheet_02042025.5ta ? pod
@] Wariables: Loaf volumewet gluten el Summan _I.g"
Quick  Advanced | Robust | Nnrmdity] Prob. & Scatterplots | Cateq. plots | Dptians] Cancel
B Summary: Statistics %g Gl EE G2 Compute statistics: m Options ~
Location, walid M Wariation, moments Percentiles, ranges @ BoE
() Valid N 8 Standard Deviation @ Minimum $ masdmun 2 .
() % valid obsvn. [ Cl for Sample 5 [ Lower & upper quartiles
It l: s
8 Mean ch? i e _'4 [ Percentile boundaries
() Sum [ Coefficient of variation oo ;
8 Median (] Variance o : = s . D w
() Mode [] Std. en. of mean Second:  90.00 % Wghtd momnts
it more [] Cont. limits for means (JRange [ Quartie e
[ Harm. mean Interval: 95,00 E range W1 N-1
B Skewness
8 Std. en.. Skewness Select all stats Reset MD deletion
B Kurtosis . () Casewize

Figure 3. The window for specifying the settings required to check for normal distribution in the
Statistica program.

Descriptive Statistics (Spreadsheet 02042025 sta)
Mean Median | Minimum | Maximum | Std.Dev. | Skewness | Std Err. | Kurtosis Sld.Err.I

Variable Skewness Kurtosis
Loaf volume | 2165528 2050,000 1650.000 2970,000{312.09231 028674 0,173210 -1,22841 0.344735
Water content | 14 574 14,700 12,600 16,500 07999 -0,28209 0.173210 -0,31683 0,344735
Ash 0,597 0595 0.480 0,720 0,0509] 0,18622 0,173644 -0.55256_0,345592l
Protein 12,497 12,400 10,500 16,200 1.1453  0,28503 0.173210 -0.76755 0,3447350|
Falling number | 394 990 397,000 304,000 471000 292106 -0.28256 0173644 0,22864 0,345592

Gluten index 90,950 92,750 62,250 99600 69685 -152079 0175416 274986 0349085/
Wet gluten 34,117 34 355 25 600 46 200 28443 0.31896 0 175416 1,97749 0,349085

Picture-4. Normal distribution results in Statistica.
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4 Descriptive Statistics: Spreadsheet_02042025.sta ? b4

@ W ariables: Loaf volume-w/et gluten
Quick I Advanced] Robust  Normality | Prob. & Sr_‘atteu:do!s' Cateq. plotsl Dpliuns] Cancel
Distribution [l Options ~

Use Distribution Fitting,

LA ; Process Analysis, or Graphs
[l Frequency tables LGl Histograms gty g e @ By Group...
s o dastril ;. use Survival
Categornization - b“mm . _
© Number of intervals: 10 g to censored data.

() Integer intervals [categories)
_ Heis 3 D w
[ ] Hoimal expected frequencies
Wghtd momnts

B Kolmagorov-Smirmoy & Lilliefors test for normality

@ Shapiro wik's W test DFH'M N1
Stem and leaf y
P2 3D histograms, bivariate distributions BER  Stem & leaf plot MD dﬂ&ll.ﬂ?ﬂ
=T T () Casewise
(=[] Categorized hiztograms |j Compressed o Pairwise

Figure 4. The window for specifying the settings required to check for normal distribution in the
Statistica program.

Histogram: protein
K-S d=,12453, p<,01 ; Lilliefors p<,01
Shapiro-Wilk W=,94783, p=,00000
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X <= Category Boundary

Figure 5. Histogram (Gaussian line) tested for normal distribution in the Statistica program.
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Normal P-Plot: protein

Expected Normal Value

-3

10 11 12 13 14 15 16 17
Value

Figure 6. The distance between the points along the line when testing for normal distribution in
the Statistica program.

Box Plot of Wet gluten
Spreadsheet_02042025 sta 16v*197c
48
46 o
44 o
42
=]
40 —
= B8
:
% 36
k]
= 34
32
30 — Median = 34,355
[ 25%-75%
28 1 = (32,24, 35,8)
= T Non-Outlier Range
=5 = (27,1, 39,67)
o Outliers
24 #* Extremes

Figure 7. Box plot of the data points tested for normal distribution in the Statistica program.
Conclusion

The normal distribution is one of the fundamental concepts of statistical analysis and
probability theory. Literature analysis shows that it is widely used in theoretical and practical
fields. In sources ranging from classical works to modern data science books, the normal
distribution plays an important role in topics such as the Central Limit Theorem, regression
analysis, hypothesis testing, and quality control. Textbooks in the Uzbek language explain this
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concept in an easy and understandable way. A deep knowledge of the normal distribution is
important for every statistician.
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