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Abstract 

The study analysed a business big data problem in a case study and partly methodological way. 

In particular, the factors that influenced the order fulfilment time were investigated. From a 

table of nine columns and 15,388,470 rows, a time series analysis was first performed and then 

a Spearman correlation was used to analyse the relationship between completion time and the 

number of sales. The limitations of some methods (ANOVA, Random Forest, Factor Analysis 

of Mixed Data) were examined, and then Kruskal-Wallis and Dunn-Bonferroni tests were car-

ried out, taking samples of sufficient and necessary size to allow for the large number of element 

variations in each column, and restricting the analysis to the variable values that sometimes 

appeared important. A number of variables in three columns had a significant effect on the 

evolution of the completion time and the methodology proved successful in identifying them. 

However, the analysis also highlighted the need to group the individual, non-metric variable 

values into new groups. 

 

Keywords: big data, times series, completion time, mixed data 

JEL Codes: C12, C55, L62 

 

1. Introduction, objectives 

 

The research was conducted with the support of an industrial partner, a mid-sized manufactur-

ing enterprise. The study analysed a business big data problem in a case study and partly meth-

odological way. In particular, the factors that influenced the order fulfilment time were inves-

tigated. The paper mainly provides a case study example of how big data problems can be 

solved with data science tools with limited resources. 

Depending on the industry, the company, the production structure, the delivery time can 

be influenced by many factors. Due to the analytical constraints generated mainly by the large 

amount of data, as will be discussed later, really high-quality analyses have only been produced 

mainly in the last years. 

For industrial companies producing relatively small batches, in addition to the production 

characteristics of the companies, the expected timing of order batches is the most important 

factor, and machine learning methods can achieve very significant results (Rokoss et al., 2024). 

A broader industry analysis also shows that collecting and analysing data more widely than 

before is essential to optimise delivery times. In addition to data on technical characteristics, 

one of the biggest threats is the failure to take into account human factors, in particular the 

needs of employees (Munmun et al., 2023). The efficient and general use of “historical” data to 

https://doi.org/10.35511/978-963-334-499-6-Toth-Garab
mailto:toth.zsolt@uni-sopron.hu
mailto:garab.jozsef@uni-sopron.hu
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optimise and predict delivery times has led to the development of specific standardisation tools, 

such as Cross-Industry Standard Process for Data Mining (CRISP-DM) (Schuh et al., 2019).  

Optimizing the accommodations for variations in demand is an added benefit of a standardized 

implementation procedure for engineering improvements (Knaus, 2022). In addition to produc-

tion systems (or data of these systems), the analysis and optimisation of related logistics systems 

can be particularly important in the management of large fluctuations (Härtel & Nyhuis, 2019). 

Supply chain management practices can have significant effects on delivery time (Anatan, 

2014). In general terms, the uncertainty of delivery time can be understood primarily in terms 

of information uncertainty, not in technical terms (Busert & Fay, 2018). 

 

2. Applied method and database 

 

The initial data file was converted into a data frame R object. After data cleaning and recoding, 

we obtained a table with nine columns and 15.388.470 rows. Due to the large amount of data 

and the variety of categorical variables, the methods that can be used are mainly determined by 

the scarcity of computational capacity. 

In the time series analysis, we first calculated the monthly average of completion times 

and the number of sales (sales transactions) per month, and then factorised the time series using 

an additive model. In our case, the delivery time is an external factor, as customers indicate in 

advance the delivery time they will order the product (Ulrich, 2021). 

Nevertheless, it may be interesting to explore what factors - technological, economic or 

psychological - may influence this value. It is also worth comparing the components of the two 

time series. Since the completion time is metric as a dependent variable and the independent 

variables "customer", "article" and "auftrag" are non-metric, analysis of variance (ANOVA) 

seems to be an appropriate analytical tool. Due to the large number of data, a random sample 

of n = 100,000 was taken from the data. From the point of view of the ANOVA method, this 

does not imply a significant loss of data and the sampling error is negligible (Wang et al., 2020). 

In all three cases, for group i (i group/category is not the same for the three independent varia-

bles): 

 

H0: µ1 = µ2 = · · · = µi 

H1: At least two means differ. 

Where µi is the average completion time. 

 

It is worth noting that, although in practice data analysts tend to disregard this because of 

the large number of items, an important prerequisite for ANOVA is normality (Lantz, 2013), 

which is not fulfilled in our case. An alternative is to use the Kruskal-Wallis test (McKight & 

Najab, 2010). The Kruskal-Wallis test is based on analysis of variance in the same way as 

ANOVA, but tests the equality/differences of the median rather than the means through their 

ranks. In all three cases, for group i: 

 

H0: Me1 = Me2 = · · · = Mei 

H1: At least two medians differ. 

Where Mei is the median of completion time (Bolar, 2019). 

 

To explore deeper correlations, the use of Random Forest (Schonlau & Zou, 2020) or 

FAMD (Factor Analysis of Mixed Data) (Bai et al., 2020) may be considered. However, these 

models would require a very large amount of computing power with such a large amount of 

data (Costa et al., 2023). Their applicability would be greatly increased if the large number of 
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categories in the columns "customer", "article", "auftrag" (303, 1871 and 1535 items respec-

tively) could be replaced by a small number of consolidated categories. In this case, the com-

putational effort would be radically reduced, and any necessary sampling would not introduce 

any significant bias. 

Pairwise comparison methods require less machinery (Kocak et al., 2018), but with such 

a large data set and many categories, most of them are either not computable with the available 

tools or can be used with a smaller number of categories. 

The previous sampling procedure cannot be relied upon either, as some categories with a 

small number of items would probably be dropped from the sample, and if they were included 

with a single row, the sampling error would be very high (Alkhlaifat & Koloszár, 2023). 

Therefore, we chose the method of selecting the ten most frequently occurring variables 

for each categorical variable, creating three filtered files, and then creating three n = 10000 

samples from these. In this case, the sampling error is unlikely to be high in any of the catego-

ries, although the resulting samples are only suitable for pairwise comparisons of the ten most 

frequent categories for the ten most frequent categories per non-metric variable. 

We also performed the Kruskal-Wallis test on the three samples. It can be clearly seen 

that, even for the categories with the ten to ten most rows in the samples, the effect of each 

category on the evolution of the completion time is true. 

The specific effect is tested using the Dunn-Bonferroni test (Bonferroni correction), which 

is well-suited for both parametric and non-parametric procedures (Castañeda et al., 1993), 

which are essentially multiple Mann-Whitney tests (general H0: the two groups under test are 

identical), where the significance level is divided by the number of categories/groups - 1 (num-

ber of pairwise comparisons, or df). Thus α = 0.0056 (Ogle et al., 2023). 

 

3. Results 

 

The average completion time and the number of sales per month show a very similar pattern. 

The development of the steady and then the rising phases is similar (Figure 1). 

 
Figure 1. Original time series 

Source: Own calculation (2023) 

 

It is clear that the monthly completion time is increasing in a trend but not steadily. There 

is a strong negative seasonal effect in June and a strong positive seasonal effect in August. The 

negative peak in June 2018 and the positive peak in August 2018 appear to be outliers in the 
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coincident effect on the monthly average completion time (which is obviously caused by some 

one-off effect). It is conceivable that the seasonal effect, which is present every year, was much 

stronger in this year, but the difference in magnitude does not suggest this (Figure 2). 

 

 
Figure 2. Monthly average completion time 

Source: Own calculation (2023) 

 

The trend in monthly sales is very similar to the average monthly completion time. How-

ever, the trend increase is more uniform. The seasonal effect shows a positive peak in March 

and a negative peak in November. A strong random effect is measured in February 2020 (pos-

itive direction) and December 2020 (negative direction) (Figure 3). 

 

 
Figure 3. Number of sales 
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Source: Own calculation (2023) 

The similarity of the two time series makes it worth comparing the initial monthly values. 

Due to the lack of normality, a non-parametric Spearman correlation can be calculated. The 

very high value of the correlation coefficient (ρ = 0.93) indicates a very close relationship be-

tween the two data series. When examining monthly sales, the quantity sold was not taken into 

account and only the number of transactions was calculated because the Spearman rank corre-

lation between the time of completion and the quantity sold is -0.26, i.e. a weak to medium 

negative relationship.  

Since Pr(>F) (p) is less than α = 0.05 in all three cases, the result is significant, i.e. there 

are significantly different means in each category, i.e. the completion time is influenced by the 

values of the three variables under investigation. However, this test can only detect the fact of 

the effect, not the extent (Table 1). 

 

Table 1: ANOVA for n = 100,000 random samples 

Ind. varia-

ble 
df 

Square 

sum 

Average 

of sq. sum 
F 

Pr(>F) 

(p) 

”customer” 200 8.165x108 4 082 379 179.5 < 2x10-16 

   residuals 99 799 2.270x109 22 744     

”article” 1 202 7.688x108 639 624 27.27 < 2x10-16 

   residuals 98 797 2.317x109 23 457     

”auftrag” 819 1.019x109 1 244 689 59.73 < 2x10-16 

   residuals 99 180 2.067x109 20 840     

Source: Own calculation (2023) 

 

Due to the low p value, we can conclude that the three independent variables have an 

impact on the evolution of the completion time. This is as much information as can be obtained 

from this test, and further investigation is needed (Table 2). 

 

Table 2: Kruskal-Wallis test for n = 100,000 random samples 

Ind. variable χ2 df p 

”customer” 4 212 404    302 < 2x10-16 

”article” 3 885 191 1 870 < 2x10-16 

”auftrag” 5 057 068 1 534 < 2x10-16 

Source: Own calculation (2023) 

 

Therefore, we chose the method of selecting the ten most frequently occurring variables 

for each categorical variable, creating three filtered files, and then creating three n = 10000 

samples from these.  
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Table 3: The ten categories with the most items for the three independent variables 

Var. categories Var. values n (pop.) n (sample) 

“customer” 

3405005 2 545 308 2 287 

3404999 2 340 213 2 058 

3403784 1 409 999 1 214 

3405097 1 370 881 1 220 

3405487 1 062 614 984 

3400154 646 991 539 

3403547 583 776 497 

3430705 547 642 461 

3403139 486 227 440 

3430938 322 324 300 

“article” 

1075881 184 621 1 169 

1074495 173 419 1 052 

1075856 171 681 1 093 

1076384 167 509 984 

1075431 164 550 992 

1074087 159 903 974 

1076073 157 682 999 

1075258 154 640 936 

1074077 152 679 871 

1076880 149 774 930 

“auftrag” 

101471 2 537 089 2 723 

101472 1 435 720 1 551 

3 1 062 480 1 116 

101182 869 724 962 

101530 803 365 924 

101426 555 471 588 

10 554 452 611 

101624 499 501 528 

101657 484 207 525 

101220 462 411 472 

Source: Own calculation (2023) 

 

In this case, the sampling error is unlikely to be high in any of the categories, although 

the resulting samples are only suitable for pairwise comparisons of the ten most frequent cate-

gories for the ten most frequent categories per non-metric variable. The element numbers of the 

samples generated by this method are shown in Table 3. It can be seen that the randomly sam-

pled subsamples all have a rather high number of elements. Thus, the results of the statistical 

tests performed will be reliable in each sub-sample. 
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Table 4. Kruskal-Wallis test on a sample of n = 10,000 for the ten most populous categories 

Ind. variable χ2 df p 

”customer” 2 473 9 < 2x10-16 

”article”    438 9 < 2x10-16 

”auftrag” 3 008 9 < 2x10-16 

Source: own calculation (2023) 

 

The Kruskal-Wallis test clearly shows that even for the categories with the ten to ten most 

rows in the sample, the effect of each category on the evolution of the completion time is true. 

(Table 4) However, this does not mean that fewer variables and less data carry the same amount 

of information, but we can stochastically claim that the basic context has not changed drastically 

with the reduction. Of course, such statements should be treated with caution and only in the 

case of business and not primarily scientific analyses, such a methodological simplification can 

be accepted because of the technical bottlenecks. 

The p < α values calculated from the Dunn-Bonferroni test suggest that the two variables 

have different effects on the completion time in a given pair. As a sample, pairs of ”customer” 

in Table 5. 

 

Table 5. P values of the Dunn-Bonferroni test (completion time - "customer") 

”customer” 

3
4
0
0
1
5
4
 

3
4
0
3
1
3
9
 

3
4
0
3
5
4
7
 

3
4
0
3
7
8
4
 

3
4
0
4
9
9
9
 

3
4
0
5
0
0
5
 

3
4
0
5
0
9
7
 

3
4
0
5
4
8
7
 

3
4
3
0
7
0
5
 

3403139 0 - - - - - - - - 

3403547 ≈0 ≈0 - - - - - - - 

3403784 ≈0 ≈0 ≈0 - - - - - - 

3404999 ≈0 ≈0 
0.6

3 
≈0 - - - - - 

3405005 ≈0 1 ≈0 ≈0 ≈0 - - - - 

3405097 ≈0 ≈0 1 ≈0 
0.2

6 
≈0 - - - 

3405487 1 ≈0 ≈0 ≈0 ≈0 ≈0 ≈0 - - 

3430705 1 ≈0 ≈0 ≈0 ≈0 ≈0 ≈0 1 - 

3430938 ≈0 1 ≈0 ≈0 ≈0 1 ≈0 ≈0 ≈0 

Source: Own calculation (2023) 

 

The above test, unlike the previous ones, already concretizes the relationships of the 

model with reduced variables and data. Of course, it is not the correlations between the specific 

variable values that are of interest, but the methodology, which is satisfactory even with the 

technical limitations, as it allowed us to find correlations and quantify them to some extent. 

 

4. Conclusions 

 

A number of variables in three columns had a significant effect on the evolution of the comple-

tion time and the methodology proved successful in identifying them. However, the analysis 

also highlighted the need to group the individual, non-metric variable values into new groups. 
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Without this change, only a very strong data reduction, after resampling, could lead to accepta-

ble results compared to the analysis of the original data. It is worth noting that data analysis 

methods considered to be more advanced (e.g. Random Forest) also mostly do not consider all 

possible relations and simplify at other levels. 

Our methodology, complemented by qualitative analysis, can reveal new knowledge 

within an organisation even when a supercomputer is not available. (In business, it is very rare 

for a company to use a supercomputer on a daily basis.) 

The main focus is on qualitative analysis. If you do not carry out other qualitative anal-

yses, but specifically reorganise individual variables into strict non-metric, i.e. qualitative cat-

egories, based on the internal functioning of the company, you can obtain results that are easier 

to interpret. 

We could not make this change for the company. But we have tried to achieve a relatively 

acceptable result using data reduction methods. Both the method we used and the change we 

proposed go against the grain of current data science methods, but in our view this is the way 

forward for most companies. 

The frantic pace of scientific expectations is very evident in data science analysis. New 

methods of analysis and new tests are expected of researchers. Methods become so often cited 

that no one uses them in practice. Meanwhile, the scientific value of old, tried and tested meth-

ods that are still in use today is unacceptably low. However, either the Kruskal-Wallis test or 

the Dunn-Bonferroni test are widely analysed, relatively 'old' but well-established methods. The 

aim of our study was to show an example of this. 
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