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Abstract. Due to the beginning of the Fourth Industrial Revolution based 
mainly on intelligent technologies used in the production area, rational 
assessment of their functioning has become the subject of interest of many 
scientists. The main aim of the article is to present the method of intelligent 
technologies assessment and to determine the possibilities of its adaptation 
by manufacturing companies. The following methods and research 
approaches were used in the construction of the method: integrated method, 
controlling, desk research, observation of the functioning of intelligent 
technologies, questionnaire interview. The research procedure assumes the 
adoption of a three-stage assessment process (measure – module – 
dimension). The holistic approach adopted in the study is achieved through 
horizontal aggregation of obtained values of measures and modules.  
The method was verified for the assessment of an intelligent technological 
line operating in a large metallurgical company. The substantive analysis  
of the achieved results allowed to develop a list of recommended activities 
within modules that have not been assessed positively. It has also become 
possible to assess the implementation of strategic and operational goals 
realized through the use of intelligent technological line. The developed final 
assessment formula will help determine the effectiveness of the activities 
undertaken (comparative analysis). 

Keywords: holistic approach, intelligent technologies, technology 
assessment. 

1 Introduction  

A number of studies have reported or suggested that Industry 4.0 is a concept characterized 
by the integration of intelligent machines and systems, as well as introducing changes  
in production processes aimed at increasing production efficiency and enabling flexible 
assortment exchanges. Industry 4.0 refers not only to technology but also to new forms  
of work and the function that workers will perform in a company [1-3]. However, it should 
be clearly underlined that an indispensable element of industrial development is its rational 

 
* Corresponding author: krzysztof.ejsmont@wp.pl 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 312, 05002 (2020) https://doi.org/10.1051/matecconf/202031205002
EPPM2018



and factual assessment, therefore the issue of the assessment of intelligent technologies 
discussed in this paper is extremely important and still actual. 

Based on the review of the literature on the subject of the assessment of intelligent 
technologies used by manufacturing companies, there are some gaps in this area. Available 
publications mainly deal with issues such as the evaluation of the potential of these 
technologies [4] and to quality assessments of specific production processes using intelligent 
technologies [5]. Many publications also address the issue of assessing intelligent 
technologies in manufacturing companies and its impact on the development of Industry 4.0, 
but without proposing specific solutions (methods, models, tools) that could serve this 
purpose [6, 7]. 

After analyzing the classical methods used for technology assessment [8, 9], it can be 
concluded that they are characterized by certain limitations, imperfections and that do not 
fully take into account the specificity of intelligent technologies used in the production area. 
Existing methods allow for the assessment of technology only in some areas of its functioning 
(mainly economic and technological) and are based mainly on financial data, they reflect 
limitedly the specificity of the environment and management needs to be determined by the 
environment. Available methods do not provide the opportunity to take into consideration 
the complexity and new features of intelligent technologies used in the production area. After 
the literature review, not identified the method for assessing intelligent technologies in real-
time, which would consider the implementation of operational and strategic objectives of the 
company. 

The research problem formulated in the article is to construct a method that allows for 
carrying out the most comprehensive assessment of intelligent technologies in real-time. 

A thesis has been also formulated, that the application of the assessment method  
of intelligent technologies used in the production area will allow obtaining information 
enabling companies to make rational decisions regarding the improvement of the functioning 
of intelligent technologies. 

2 Method of assessment intelligent technologies 

The basis for the elaboration of the solution proposed in the article was: the integrated method 
[10] and the controlling tool [11]. 

In previous publications [12-14] the author developed a model for the assessment  
of intelligent technologies based on a two-step approach (dimension –   measure). In this 
paper, its development assumes creating functional modules (Table 1) within the adopted 
dimensions, consisting of a specific group of measures (Figure 1). The measure is understood 
as an indicator specifying the size, quality or value of something. It may have a quantitative 
or qualitative form. The module is an element of the evaluation system performing a specific 
function in it. It is easy to use as part of a larger whole. 

In order to develop a list of measures, and then to create functional modules, it is 
necessary to collect key information about the research subject. In the initial phase of this 
process, an interview questionnaire and participant observation are recommended, which will 
allow the preparation of an assessment questionnaire. Its final structure will depend to a large 
extent on technical documentation of intelligent technology, analysis of the external and 
internal environment of the company as well as operational and strategic objectives 
implemented by the technology. The questionnaire should be completed by employees inside 
the company, possessing substantive and practical knowledge about intelligent technology. 
Thanks to this, it will be possible to determine the value of individual measures and then 
entire modules and dimensions. It is recommended to select both quantitative and qualitative 
measures, while their total number should not exceed 100. Each measure should have the 
most adequate method/tool to determine its value. 
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Dimension Measures Module Function 

Environmental 

 

rationalization of energy use [y/n] 

Energy 

assessment  
of the level  
of energy 

consumption 
and determining 
if it is rationally 

used 

energy consumption [kWh] 

adjusting level of energy consumption to the 
production order being carried out [y/n] 

Social 

a number of accidents during the work with 
technology [pcs.] 

Employee 
safety 

determining 
whether 

cooperation 
with intelligent 
technology is 
safe for staff 

losses due to accidents [PLN] 

level of security of handling intelligent 
technology [Likert 1-5] 

risk of an accident [0-1] 

level of employee participation in 

realization of the production process [%] 

 

 
Fig. 1. Structure of the method for intelligent technologies assessment in a holistic approach 

Each of the created modules should have selected (e.g. in an arbitrary manner, based  
on the knowledge and experience of the person/team conducting the assessment or based  
on the literature on intelligent technologies) specific weights (values in the range from  
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0 to 1, where 1 is very important). The weights can depend on many factors, such as the type, 
characteristics and technical specification of intelligent technology, the significance of the 
measures included in the module for achieving company objectives, etc. Benchmarking can 
also be used during selecting weights and if it is possible to analyze the processes  
of functioning of such intelligent technologies in other organizations. The weighting may be 
done by using heuristic methods or by using the available research tools (e.g. a questionnaire 
to be completed by the evaluation team). The final value of weight can be, for example, the 
arithmetic average obtained by completing the questionnaire by all members of the evaluation 
team. 

The big advantage of assigning weights to the created modules is also the fact that if the 
evaluating team have decided about the slight impact of a particular module on the final result 
of the assessment, it is possible to disregard it by giving a weight equal to "0". Using the 
weight approach, it is also possible to obtain a greater objectivity of the assessment (it is 
useful, for example in a situation where there are differences of opinion regarding the 
meaning of a given module), also selection of only those modules that are particularly 
important from the point of view of the operational and strategic goals of the company thanks 
to intelligent technology. 

After creating a list of measures within each of the functional modules (functions  
of modules should be related to the operational and strategic goals of the company), the 
method of determining their value should be chosen. Different methods and tools  
(e.g. financial, statistical, comparative analysis, etc.) can be used for this purpose. 

After making a detailed analysis of each measure, determining its value and determining 
the evaluation (positive, neutral or negative), proceed to calculate the assessments  
of individual modules. Horizontal aggregation of measures takes place here. In the further 
stage of the assessment process, the assessments (numerator) and weights (denominator)  
of the individual modules within a given dimension should be summed up and multiplied by 
the relevance level of this dimension. In this way, a complete assessment can be obtained 
using the following formula 1: 

 

   𝐿𝐿𝐿𝐿𝐷𝐷E∗∑ 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚 +𝐿𝐿𝐿𝐿𝐷𝐷T∗∑ 𝐴𝐴𝑖𝑖𝑛𝑛

𝑖𝑖=𝑚𝑚 + 𝐿𝐿𝐿𝐿𝐷𝐷En∗∑ 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚 +𝐿𝐿𝐿𝐿𝐷𝐷S∗∑ 𝐴𝐴𝑖𝑖𝑛𝑛

𝑖𝑖=𝑚𝑚 + 𝐿𝐿𝐿𝐿𝐷𝐷L∗∑ 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚

𝐿𝐿𝐿𝐿𝐷𝐷E∗∑ 𝑊𝑊𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚 +𝐿𝐿𝐿𝐿𝐷𝐷T∗∑ 𝑊𝑊𝑖𝑖𝑛𝑛

𝑖𝑖=𝑚𝑚 + 𝐿𝐿𝐿𝐿𝐷𝐷En∗∑ 𝑊𝑊𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚 +𝐿𝐿𝐿𝐿𝐷𝐷S∗∑ 𝑊𝑊𝑖𝑖𝑛𝑛

𝑖𝑖=𝑚𝑚 + 𝐿𝐿𝐿𝐿𝐷𝐷L∗∑ 𝑊𝑊𝑖𝑖𝑛𝑛
𝑖𝑖=𝑚𝑚

*100  (1)                                              

 
where:   
LRD – the level of relevance for the dimension (E – economic, T – technological,  
En – environmental, S – social, L – legal), 
A – assessment of individual module in dimension, 
W – the weight of an individual module in dimension. 
 
Referring to modern concepts of management and technology assessments, the author 

postulates the pursuit of the assessment comprehensiveness (holism). However, it is not 
possible, when adapting the method to the conditions of a chosen company, to include all 
possible groups of measures in the assessment. A lot depends on the internal and external 
environment of the company, intelligent technology being evaluated, as well as the 
company's priorities regarding the achieving of operational and strategic objectives. 

It is also worth noting that a given dimension may also manifest itself in an indirect way 
in other dimensions, which is consistent with the idea of a holistic approach. For example,  
in the environmental dimension, there are measures related to the emission of pollution that 
have a big impact on society (social dimension). 
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postulates the pursuit of the assessment comprehensiveness (holism). However, it is not 
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environment of the company, intelligent technology being evaluated, as well as the 
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3 Results 

In order to verify the method proposed by the author, it was decided to assess the intelligent 
technology functioning in a large Polish manufacturing company – Pruszyński Ltd. The 
research object that served the assessment is a line for forming profiles for steel structures 
(Figure 2) of the Italian company STAM S.p.A Ponzano Vento (TV). It has been designed 
for the production (starting from the semi-product – coils) of sheet profiles of various widths 
and lengths. The length of the line is 82m, it consists of several machines (straightener, 
punching machine, cutter, guillotine, profiler, feeder). 
 

 
Fig. 2. The line for forming steel structure profiles 

 Functions that indicate that technology can be considered as intelligent include: 
− thanks to equipping the line with sensors and devices, it is possible to collect very 

large amounts of data and based on carrying out analysis processes – optimization 
of the production processes; 

− the line is able to learn from the collected data; 
− energy saving as a result of the adaptation of the line to energy needs in the 

production of a given type of product; 
− in case of any irregularities or failures, the line informs the operator (also 

telediagnosis option is possible), but if it is able to solve this problem by itself,  
it does not stop and continues production; 

− working of the line takes place without human intervention (fully automatically),  
so it is safe – the operator is only responsible for delivering the raw material and 
uploading the required order data to the main computer; 

− while executing the same orders (which have already taken place in the past), the 
line is able to independently adjust the optimal technical and operational parameters. 

According to the developed method, the process of assessing intelligent technology  
in a particular company was carried out. For this purpose, it was necessary to thoroughly 
familiarize with the characteristics and technical specification of the research facility. This 
was possible thanks to the management of the company providing technical documentation 
of the intelligent production line and the author's interviews regarding its operation with  
a member of the top management, the main technologist and operators who work with 
technology on a daily basis. The author's participation in the direct observation of working 
technology was significant, which made it possible to understand what the entire production 
process looks like while using it. 

After conducting an interview with a member of the top management, the collected 
information was sorted out, and a questionnaire for further research was prepared. The 
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questionnaire consisted of five dimensions within which measures have been contained 
together with units and were grouped into functional modules. In addition, there are fields 
for entering weights for individual modules as well as relevance levels for the adopted 
dimensions. The questionnaire was completed by a member of the top management, the main 
technologist and two employees serving the line. Taking into account the answers contained 
in the questionnaires (mainly the qualitative measures), as well as the measurements made 
by the author, the size of the quantitative measures has become possible to analyze and 
evaluate them. The list of all measures with units, as well as a description of the research by 
which their values have been evaluated has been described in detail in the publication [15]. 
Synthetic results of the research are presented in Table 2. 

Table 2. Research results on the assessment of intelligent technology 

Dimension Module Weight (W) 
Evaluation  
of measures 

Assessment 
(A) 

Economic 

Level of 
relevance: 5 

Expected economical results 0.5 4 "+" 0.50 

Costs 0.3 3 "+" 0.30 

Short-term flexibility of demand 0.6 2 "+" 0.60 

Line work efficiency 1 
4 "+"; 2 "0"; 2 

"–" 
0.63 

Technological 

Level of 
relevance: 4 

Line functionality 1 2 "+"; 1 "0" 0.83 

Technological modernity  
of the line 

0.2 4 "+"; 1 "0" 0.18 

Technical and utility parameters 0.8 5 "+"; 3 "0" 0.65 

Environmental 

Level of 
relevance: 1 

Saving raw materials 0.5 3 "+" 0.50 

Natural environment preservation 0.5 7 "+" 0.50 

Environmental policy 1 3 "+" 1.00 

Social 

Level of 
relevance: 3.5 

Employees 0.5 3 "–"; 2 "0" 0.10 

Recipients of products 0.3 2 "+"; 1 "0" 0.25 

Work safety 0.3 5 "+"; 1 "0" 0.27 

Employment 0.8 3 "+" 0.80 

Legal 

Level of 
relevance: 2 

Compliance with legal 
requirements (internal and 

external) 
1 6 "+" 1.00 

Service and warranty 0.8 3 "+" 0.80 

The legal status of technology 1 3 "+" 1.00 

Total  11.1  9.91 

 
To perform a parametric assessment for the measures evaluated positively ("+") a value 

of 1 was assigned, for measures evaluated negatively ("–") the value of 0, and for measures 
evaluated neutrally ("0") the value of 0.5. Afterwards, the measures with the values assigned 
to them were added together within each module and the sum was divided into the total 
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To perform a parametric assessment for the measures evaluated positively ("+") a value 

of 1 was assigned, for measures evaluated negatively ("–") the value of 0, and for measures 
evaluated neutrally ("0") the value of 0.5. Afterwards, the measures with the values assigned 
to them were added together within each module and the sum was divided into the total 

number of measures in the module. The obtained value multiplied by the module weight is 
its final assessment (last column). For example, in the module "Linework efficiency" we have 
4 measures evaluated positively, 2 neutral and 2 negatively. Thus, the total score is:  
[(4×1 + 2×0.5 + 2×0) ÷ 8]×1 = 0.63. 

Due to the fact that some modules contain quantitative measures that require regular 
control of deviations, the way in which they were measured, analyzed and evaluated was 
presented in Table 3. 

Based on interviews with company employees, as well as getting acquainted with the 
aggregate data stored in the IT system, the author was able to determine the base value of the 
measures. Mostly they were the arithmetic mean of the values obtained from all correctly 
executed production orders from the beginning of the line functionating. Similarly, 
acceptable deviations were determined (mainly using statistical methods). Table 3 presents 
the results of the evaluation for one selected production order lasting 1 hour (production  
of 134.71 lm trapezoidal sheet). The units of measures are given in brackets. 

Table 3. Quantitative measures to regular control of deviations 

Specification planned  
and monitored measures 

M
ea

su
re

d 
va

lu
e 

B
as

e 
va

lu
e 

A
ct

ua
l 

de
vi

at
io

n 

A
cc

ep
ta

bl
e 

de
vi

at
io

n 

E
va

lu
at

io
n 

Examples XR XB XR–XB ∆X 
A, 

CA, 
NA 

Economic measures      

Delivery time [days] 8 10 -2 0 A 
Work in progress [lm] 21.27 50 -28.73 20 NA 
Utilization of workstations [%] 100 80 20 20 CA 
Downtimes [h] 0 1.3 -1.3 0.3 A 
Unit cost (per one lm of steel) [PLN] 10.22 10.22 0 0.78 A 

Unit profit (per one lm of steel) [PLN] 0.92 0.92 0 0.10 A 
Changeover time [min] 10 5 5 5 CA 
Production added per man-hour [PLN] 

Technological measures 
123.93 230 -106.07 92 NA 

     
Tension [V] 350 400 -50 100 A 
Frequency [Hz] 40 50 -10 25 A 
Molding speed [m/min] 20 30 -10 15 A 
Input speed [m/min.] 3 5 -2 2 CA 
Acceleration [m/sec2] 2 4 -2 2 CA 
Pass speed [m/min] 25 35 -10 15 A 
Pressure force [kg] 8 12 -4 6 A 

The cycle of lowering and lifting sheet 
[sec] 

Environmental measures 

0.5 
 

0.7 
 

-0.2 
 

0.2 
 

CA 
 

The ratio of material consumption to 
generated waste [%] 

2 
 

3 
 

-1 
 

2 
 

A 
 

Reduction of wastes/wastage [%] 1 1 0 0.5 A 
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Energy consumption during using the 
line (on average per 1 hour of 
operation) [kWh] 

12 
 

15 
 

-3 
 

1.5 
 

A 
 

Noise level [dB] 80 75 5 10 A 
Amount of wastes (on average per 1 
hour of line working) [kg] 

8.5 
 

23.5 
 

-15 
 

9.4 
 

A 
 

Social measures      

Number of accidents (per year) during 
line working [pcs.] 

0 
 

0 
 

0 
 

1 
 

A 
 

Financial losses due accidents [PLN] 0 0 0 6500 A 

where: A – acceptance, CA – conditional acceptance, NA – no approval. 

 
Thanks to the controlling tool, it was possible to compare the measured values with the 

base values and compare these values with an acceptable deviation. This helped in the 
analysis and evaluation of the measures, which in turn enabled the calculation of the 
assessment of entire modules. According to the adopted form of evaluation of measures: “A” 
means a positive evaluation, "CA" – neutral, and "NA" – negative. In a brief summary, it can 
be stated that in the environmental and social dimensions all measures were evaluated 
positively, in the technological dimension, 3 measures were evaluated neutrally, and in the 
economic dimension, 2 measures were evaluated negatively and 2 neutrally. By regular 
control the value of deviations of the measures, it is possible to focus on those not evaluated 
positively and to develop remedial/corrective actions that may contribute to the better 
functioning of intelligent technology. 

Using the formula 1, a complete assessment of intelligent technology has been made: 
 

     
(5∗2.09+4∗1.74+1∗2+3.5∗1.42+2∗2.8)

(5∗2.4+4∗2+1∗2+3.5∗1.9+2∗2.8) *100 = 87,53%              (2) 

 
The value obtained (2) can be interpreted similarly as the OEE indicator [16]. It can be 

an internal measurement tool used to assess the functioning of intelligent technology and help 
identify areas (modules) in which corrective actions are indicated. It can also contribute to 
improving cooperation on the operator's line – intelligent technology, as well as better adapt 
technology to the expectations of the society (employees, recipients, etc.). 

4 Discussion 

During the realization of the intelligent technology assessment process in Pruszyński Ltd.  
no particular difficulties were encountered. Thanks to the good cooperation of the author with 
the member of the top management, the main technologist and operators servicing the 
technology, it has become possible to obtain all the necessary data to carry out the whole 
research procedure. It should be emphasized strong involvement in the process of assessing 
workers employed in the company, as well as the evaluation team's professional approach  
to the tasks entrusted to it (e.g. preparation of appropriate documentation). Thanks to this, 
the author could obtain information interesting for him without much difficulty, as well as 
determine the value of particular measures. As a consequence, it became possible to develop 
a complete, holistic assessment of the STAM's intelligent technological line and  
to familiarize the persons concerned with the results obtained. The author discussed in detail 
the determined values of individual measures, modules and dimensions, and also indicated 
the areas that in his opinion, based on the conducted assessment, should be improved in the 
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(5∗2.4+4∗2+1∗2+3.5∗1.9+2∗2.8) *100 = 87,53%              (2) 

 
The value obtained (2) can be interpreted similarly as the OEE indicator [16]. It can be 

an internal measurement tool used to assess the functioning of intelligent technology and help 
identify areas (modules) in which corrective actions are indicated. It can also contribute to 
improving cooperation on the operator's line – intelligent technology, as well as better adapt 
technology to the expectations of the society (employees, recipients, etc.). 

4 Discussion 

During the realization of the intelligent technology assessment process in Pruszyński Ltd.  
no particular difficulties were encountered. Thanks to the good cooperation of the author with 
the member of the top management, the main technologist and operators servicing the 
technology, it has become possible to obtain all the necessary data to carry out the whole 
research procedure. It should be emphasized strong involvement in the process of assessing 
workers employed in the company, as well as the evaluation team's professional approach  
to the tasks entrusted to it (e.g. preparation of appropriate documentation). Thanks to this, 
the author could obtain information interesting for him without much difficulty, as well as 
determine the value of particular measures. As a consequence, it became possible to develop 
a complete, holistic assessment of the STAM's intelligent technological line and  
to familiarize the persons concerned with the results obtained. The author discussed in detail 
the determined values of individual measures, modules and dimensions, and also indicated 
the areas that in his opinion, based on the conducted assessment, should be improved in the 

near future (e.g. employees responsible for serving technology). After a substantive 
discussion with the members of the evaluation team, as well as a careful analysis of the results 
achieved, the author recommended actions within the modules that did not achieve the 
maximum possible assessment. 

The main practical advantages of the assessment process include primarily its speed, 
flexibility and no need to incur additional costs. Therefore, it has been adapted to the 
requirements of industrial practice, and also allows the assessment of intelligent technologies 
in a different time horizon. 

It has also become possible to connect strategic and operational goals with the functions 
implemented by intelligent technology. The main strategic goals of the analyzed company 
were: increasing market share, acquiring new customers and expanding the offer. The 
operational objectives included: increasing the production volume of profiles for steel 
structures and increasing the unit profit (per one lm of steel). All of the above objectives were 
indirectly included in the developed modules. Strategic goals were included in the social 
dimension, in the "Recipients of products" module and in the economic dimension, in the 
"Expected economical results" module. Both modules have been highly assessed, so it can 
be concluded that Pruszyński Ltd. accomplishes the strategic goals set by it thanks  
to intelligent technology. In terms of operational goals, they were included in the economic 
dimension in the "Linework efficiency" module, which was assessed at 63%. It can, 
therefore, be concluded that the company should pay more attention to the execution of 
current orders, and strive to improve the organization of work related to the preparation of a 
line for the production of particularly new products (previously not manufactured). 

It should also be emphasized that the economic dimension (relevance level: 5) and 
technological (relevance level: 4) were deemed the most important by the member of the top 
management and the main technologist. This confirms the classic approach to technology 
assessment, in which these two perspectives are considered the most important by many 
authors. In the case of the analyzed technology, the low significance of the environmental 
dimension (relevance level: 1) is fully justified, as production results in trace emissions  
of pollutions and the number of wastes are at a low level. Legal aspects are set at the stage  
of preparing the offer and their fulfilment is a condition for the purchase of technology. The 
social dimension is playing an increasingly important role in the methods of technology 
assessment, which was indirectly confirmed by the evaluation team, which defined its 
significance level as 3.5. 

5 Conclusion 

In summary, it is worth emphasizing the validity of the interdisciplinary approach in the 
assessment of intelligent technologies, which leads to an increase in the level of essential 
rationality. The need to include in the assessment of intelligent technologies many 
dimensions, as well as paying attention to the role which played in this process consideration 
of the operational and strategic objectives of the company, enabled obtaining comprehensive 
information on intelligent technology and contributed to improving the rationality  
of decisions making by Pruszyński Ltd. In addition, it is worth mentioning that the 
applicability of the method was also confirmed as part of the author's work in the European 
Project [17], whose main goal was to create a service-oriented middleware that could be used, 
among others, in integrated production systems. This is proof that the thesis formulated in 
the article is correct. 

The importance of the subject matter discussed in the publication seems to be so 
significant from the point of view of the development of technology assessment methods that 
it is fully justified to continue research aimed at constructing a universal, comprehensive and 
coherent method of assessing intelligent technologies. To achieve this, it is advisable  
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to conduct further research works aimed at expanding and refining the proposed method. 
These are the directions of future theoretical work and the continuation of cooperation with 
production companies interested in the obtained results. This will enable conducting 
empirical research as well as continuous improvement of the method through its practical 
verification and achieved feedback. 
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