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Abstract: The employees’ knowledge level is crucial because it ensures the long-term social, environmental, and financial sustainability of a company’s operations on the global market. In doing
so, there is a problem of how to measure the employees’ knowledge level within the segment, and
improve it based on performed measures. In our research, we proposed the use of real-world problem
solving for the purpose of determining and improving the employees’ knowledge level potential.
In the study, we present a numerical modeling approach to evaluate real-world problem-solving
capabilities and find out how the captured data influence the important parameters for determining the employee’s knowledge level. We have measured seven parameters (number of solutions,
technological feasibility of the proposed solutions, team thinking activities, age, prior knowledge
about sustainable production methods, and education level). By using linear regression, we have
defined general forms of functional dependencies that enable the individual company to calculate
and, if necessary, increase the employees’ knowledge level for their team. The results of the research
show the correlation dependence of individual parameters, in which we found a close relationship
between the employees’ knowledge level and age, as well as the technological feasibility of proposed
solutions and educational level. In the final phase of the research, we conducted an experiment with
mixed groups consisting of participants from different age groups, with the results showing a high
degree of intergenerational integration importance.
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1. Introduction
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Given the global trends and the increasing importance of sustainable and green production systems, and despite the increasingly automated and robotized world, employees’
knowledge is ever more important. Jobs historically held by less skilled employees are
becoming more a thing of the past in the developed world, and the machines that replace
them represent financial and time benefits that companies cannot overlook. The situation is
very different for research and development departments (R&D), an area where the need
for diverse knowledge and collaboration in teams has increased significantly. According
to recent research, companies are seeking highly skilled employees who can think openly
and integrate different skills into real-world problem solving. However, the problem here
is determining the method service or manufacturing companies can use to evaluate their
employees’ knowledge level, and how we can take it to the next level, using deterministic
methods of numerical modeling.
In the past, research focused mainly on creativity and innovation, finding new ideas
for solving existing problems or developing new products [1]. To determine the importance
of real-world problem solving, we need holistic views on the creative process that can take
place within service or production companies [2]. Employees’ knowledge is important
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to produce new and useful (technologically feasible) solutions that can be used to solve
existing or potential problems [3]. The encouragement of employees’ thinking activity is
beginning to be reflected in R&D departments, where it should be promoted [4]. Employees’
high knowledge level contributes to a more effective launch of new problem solutions,
reflected in new products or services. The link between employees’ knowledge, real-world
problem solving, and the development of solutions is based on a large number of newly
presented ideas for sustainable products [5]. However, we must be aware that the process
of generating new solutions can be very difficult, especially when we are talking about
technologically feasible solutions [6]. In the field of employees’ knowledge level, which
relate both to work organization and to systemic and social aspects, evolutionary techniques,
economic considerations, development, and evolution have been very important over the
years [7].
Scientists have found many mutual correlations between employees’ knowledge level
and enterprise efficiency, the level of which has often been measured with reflection on
the employees’ education level. The relationship between education level and employee’s
knowledge can be improved through intercultural and interdisciplinary integration [8].
According to scientific results, we can find that the number of solutions decreases with
a decreasing employees’ education level [9,10]. Various findings relate to the different
disciplines of research, the quality and quantity of the solutions presented, and the cultural
and geographical characteristics of the research group [11]. Employees’ knowledge level
also varies according to cultural influences and the tasks and observation groups [12].
For determining the employees’ knowledge, the researchers propose several different
methods of recording a knowledge level. In some cases, they focus on examples of realworld problem solving, figural examples, and verbal methods [13]. As a result of the
research, different methods show correlations between different observed parameters.
Depending on the different correlations found, we can improve the level of employees’
knowledge and, thus, contribute to a more efficient operation inside the production or
service company [14]. To improve the employees’ knowledge level, the authors propose
the use of interdisciplinary methods in the field of creative and innovative engagement [15].
The determination of the employees’ knowledge scale can be determined using the C-K
theory, where the scale of the problem-solving level capability is designated as a set of
restrictive heuristics activated in employees’ thinking activity [16]. The importance of
knowing the appropriate employees’ knowledge level can play an important role in the
sustainable and green production systems, raising the level of social, environmental, and
financial justification [17].
In the past, researchers have mainly compared the levels of creativity thinking capabilities in relation to age, in children in elementary schools [18], secondary schools, and
faculties [19]. The findings relate mainly to the number of creative ideas that the participants give in different methods for assessing the problem-solving level. The results differ
in the direction of education in which the participants are present. So, in the elementary
school, children will find more general thinking solutions, and in further education the
given ideas determine the orientation toward certain areas in which students are trained
and educated [20]. Unlike the results of the level of creativity in school youth, entrepreneurship concentrates primarily on raising the level of creativity to improve the procedures
for finding solutions to existing problems, developing new products and eligibility for research investments [21]. The implementation of the methodology of introducing and using
methods for assessing the level of employees’ knowledge leads to an improvement of the
business and competitiveness of the company on the global market [22], and thus raising
the employees’ knowledge in the company leads to the sustainable development of the
company [23]. Depending on the sustainability-oriented company [24], this can only ensure
the robustness of its products on the market and the long-time financial sustainability of
the company [25,26].
As one of the most recent methods of encouraging real-world problem solving, R&D
teams are asked to play creativity games which stimulate open thinking in a relaxed envi-
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ronment, promoting the employees’ enrolment and thinking activity. However, approaches
for evaluating employees’ knowledge level are not sufficiently explored [27], especially in
the daily activities of R&D departments.
In our research study, we want to investigate whether there is a positive influence
of employees’ knowledge level (solving a real-world problem in the field of green and
sustainable manufacturing [28]) by comparing it with additional parameters: the number
of solutions generated, the technological feasibility of the proposed solutions, the team
thinking activity, age, prior knowledge of sustainable production methods, and education
level. We also present a method based on linear regression for determining the employees’
knowledge level in different production and service companies. With the help of the
proposed approach and real-word problem solving, individual teams can develop their
own model of employees’ knowledge level assessment, and, using the proposed numerical
modeling approach, they can raise or improve their employees’ knowledge level. In Table 1,
a comparison of the proposed research work goals and existing solutions in the related
literature is presented (× marks research arias under the consideration).
Table 1. Proposed work and related literature comparative table.
Key Word
employees’
knowledge
Ideas and creativity
sustainability
green
manufacturing
numerical modeling
linear regression

Proposed
Work

Related Literature
[5]

[6]

×
×
×

×
×

×

[7]

[8]

[9,10]

×

×

×

×

[13]

×

[14,15]

[16]

[17,23]

[26]

[29]

[30]

[31–33]

×
×
×

×

×

×

×

×

×

×

×
×

×
×

2. Methods and Methodology
We decided to use the board game method to evaluate the level of knowledge of
the employees in the field of green and sustainable manufacturing. The design of the
experiment was as follows: Gathering R&D teams in different companies, using a board
game to evaluate their knowledge and ideas to solve real problems in the field of green and
sustainable manufacturing, classifying and evaluating the obtained results, and proposing
a method to increase the knowledge level of employees. In the second section, we present
a detailed description of the board game, the game process, and the classification of the
research participants.
2.1. The Real-World Problem Solving Study
Participants must solve the real-world problems from Table 2. Participants in individual teams must choose one alphabet letter from A to F, and one number from 1 to 6, before
the moderator presents the contents and topics of the individual real-world problem.
Table 2. Sustainable and green manufacturing real-world problems.
Part 1 (Problems)
A
B
C
D
E
F

Process waste
Lean manufacturing
Products costs
Employees’ satisfaction
Green manufacturing
Sustainable manufacturing

Part 2 (Methods/Solutions)
1
2
3
4
5
6

Recycle
Economic justification
Green technology
Employees’ enrolment
Market dynamics
Processes optimization
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The themes can be tailored to a theoretical or practical problem that arises in the
production or service company. The combination of the picked number and letter will
present their real-world challenge problem [27], for which they must create as many
solutions as possible, using their individual and team knowledge. The number of team
members is ten, but it can be different, depending on the individual company’s capability.
The study is presented and moderated by one moderator. His/her task is to present the
study to all the participants and give the teams the necessary tools (pen, paper, board, etc.)
on which to write their solutions. The moderator leads the discussion at the end of the
study and gives the concluding thoughts. The playing time of the study is limited to 45 min,
which is divided as follows: The introductory 10 min are intended for the presentation
of the study (the moderator must present the respective topics individually), followed by
10 min of creating solutions and problem solving by the teams. In the last 25 min, the
moderator leads a discussion about the findings of the given solutions among the teams. He
also gives sub-questions related to the given solutions. In the discussion, all the solutions
(feasible and unfeasible) are considered, and the teams are encouraged to give a wide
range of different solutions. The teams share their opinions and suggestions, and active
group comments are encouraged by the moderator. The project’s main goal of determining
the number of proposed solutions, their feasibility, team thinking activity, etc., was not
presented to the participants of the study. They were given only the specific purposes of
performing the study and a detailed presentation of the real-world problems, as well as a
terminological and substantive presentation of the study procedure.
2.1.1. Study Procedure
Step 1: The moderator divides participants into groups and presents the main goal of
the study. The moderator presents individual real-world problems from columns A to F
and from columns 1 to 6 (teams must pick one letter and one number). In case of possible
uncertainties, the moderator gives examples of choices to the participants and clarifies some
basic assumptions. The teams draw out one option from a single column. The chosen topic
is a real-world problem that the members of the team must solve collectively, providing as
many solutions as possible. Choosing different options and combinations of the problem
makes it possible to measure the number of proposed solutions, given the fact that the
problem is selected by their company and that the team members must respond quickly to
the chosen topic.
Step 2: Represents the core of solving and creating innovative solutions to the problem
chosen by the teams. In the event of problems, the moderator helps and encourages the
teams to provide as many solutions and suggestions as possible. Team members cooperate
and solve the problem together and, as a team, write or sketch their solutions.
Step 3: The moderator collects the given solutions and leads the discussion among the
individual members of the teams. The teams comment on the solutions and suggestions
and evaluate their technological feasibility.
Step 4: The study is completed by a mutual exchange of the proposed solutions
between individual teams and the moderator. Exchanging views on the given creative
solutions and discussion concludes the study.
The purpose of performing the study is to obtain as many problem solutions as
possible to solve the real-world problem. The problem posed concerns application-oriented
problems in companies and businesses. Depending on the team performing the activity,
we can evaluate the feasibility of the solutions (team theoretical knowledge) that can be
transferred directly into practice.
2.1.2. Research Team Description
The research covers one hundred and twenty-seven participants, of which: seventytwo from production companies and fifty-five form service companies. From the one
hundred and twenty-seven participants, there were forty-nine women and seventy-eight
men. All participants were informed about the survey and agreed to publish the research
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results. The companies under study were from Europe and are listed in Table 3. In the mixed
team study, both evaluating companies were based in Europe. The survey was conducted
between February 2021 and October 2021. In the research, we focused on capturing
information on the number of generated solutions, the solutions’ technical feasibility, team
thinking activities, age, prior knowledge about sustainable production, and education level.
The main goal of the research was to measure the number of proposed real-world problems,
with the obtained results showing the importance of employees’ knowledge.
Table 3. Teams’ classification.
Teams’ Description
1. Production company A, research and development team.
2. Service company A, support service company.
3. Production company B, metal parts production.
4. Service company B, high-tech software development.
5. Production company C, high-tech hardware development
and manufacturing.
6. Mix company C, company outsource employees’ group.

Average Age
(Year)

Age SD
(Year)

39
47
51
29

4.1
5.3
4.6
3.8

32

4.2

42

5.2

2.1.3. Classification
For the numerical and graphical representation of the obtained results, we have
classified all parameters according to five levels. The classification was used to analyze the
interdependencies of the measured parameters.

•

•

•

•

The number of real-world problems proposed by the teams refers to the given solutions
of the entire team within 10 min of solving the selected real-world problem. The
solutions were recorded on the leaflets, commented on, and shared with the other
teams afterwards. The moderator motivated the teams to give as many different
solutions as possible. The teams and the number of final solutions were divided into
the levels. The level classification method is shown in Equations (1) and (2), where
nl represents the number of the level, n the number of observed suggestions, s is the
level step, nsmax is the maximum number of solutions, and nsmin the minimum number
of solutions. The classification can be individualized according to the instruction or
company. Classifying the number of solutions into levels is the basis for comparing
employees’ knowledge levels to all other parameters.
nl = 1 + 3.32 × log(n)

(1)

s = (nsmax − nsmin )/n

(2)

In researching the determination of the number of solutions related to the age of
participants and the correlation to other important parameters (solutions’ technical
feasibility, activity thinking, prior knowledge, and education), we focused on six teams;
in all six companies, one hundred and twenty-seven participants were involved. The
teams’ classification is presented in Table 3.
The level of prior knowledge relates to knowledge in the field of sustainable production
systems methods in view of the above-mentioned seven-age groups. We have divided
these into five groups according to the prior knowledge in the field of sustainable
production systems presented in Table 4.
Regarding the number of solutions provided by the team members to solve the realworld problem, it was necessary to determine the levels of technical feasibility of the
solutions to solve the real-world problem. The number of feasible solutions is defined
in percentages according to the total number of solutions given. For example, 8/13
means that eight of thirteen solutions can be solved with today’s existing sustainabilityoriented technologies, which means a feasibility of 62%. The levels of feasibility are
presented in Table 5. The definition of the feasibility of the solutions is based on the
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available technologies that are able to solve the problem addressed by the submitted
proposals. In our case, the criterion of the solutions’ feasibility was estimated using
the evaluations of three evaluators, namely:
1.
2.

3.

An independent expert in the field of sustainable production systems.
A member of an evaluating company’s technical management team, although this
member did not participate actively in the study; he or she was only monitoring
the solutions’ technical feasibility.
The study moderator, who directed and followed the study closely.

Table 4. Teams’ prior knowledge classification.
Group Classification
Group 1
(no prior knowledge)
Group 2
(basic prior knowledge)
Group 3
(general prior knowledge)
Group 4
(wide theoretical prior knowledge)
Group 5
(deep practical and theoretical prior
knowledge)

Prior Knowledge Description
They do not have any knowledge of sustainable and
green manufacturing, their solutions refer only to their
own judgments.
They have basic knowledge provided by practical
lessons or enterprises’ internal knowledge support.
They have general knowledge provided by practical
lessons or enterprises’ external knowledge support.
They have a wide theoretical knowledge provided by
extensive education in the field of sustainable and green
manufacturing.
They have a deep theoretical knowledge provided by
extensive education in the field of sustainable and green
manufacturing. In addition, they are transferring daily
theoretical knowledge to a real-world environment.

Table 5. Solutions’ feasibility classification.
Solutions’ Feasibility Level

Percentage (%)

Level 1
Level 2
Level 3
Level 4
Level 5

0–55
56–65
66–75
76–85
86–100

The task of the evaluators was to evaluate which of the solutions were technologically
feasible and, thus, to determine the levels of technological feasibility presented in Table 4.

•

•

Thinking activity relates to the number of active participants within an individual
member group. For example, 7/10 (70% team thinking activity) means that those
seven members of the team actively contributed solutions within the 10-min realworld solving time and participated actively in the final discussion and the exchange
of solutions and suggestions. Of course, the activity of team members is also dependent
on the moderator, who needs to present the real-world solving study as attractively and
as motivationally as possible. In our case, the moderator was the same in all evaluating
groups. The assessment of the teams’ thinking activity consisted of observations given
by three observers: an independent expert in the field of sustainable production
systems, a member of the institution in which the study was performed, and the study
moderator. The levels of the teams’ thinking activity are presented in Table 6.
The parameter that we have considered in our survey also relates to the education level
within the team members. Since the research was carried out in different production
and service companies in different fields, we divided the research participants into
five groups regarding their education level, as shown in Table 7.
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Table 6. Teams’ thinking activity classification.
Team Thinking Activity

Percentage (%)

Level 1
Level 2
Level 3
Level 4
Level 5

0–60
70
80
90
100

Table 7. Teams’ education level classification.
Education Level

Education

Level 1
Level 2
Level 3
Level 4
Level 5

Secondary school
Secondary school + additional training (at )
Faculty education
Faculty education + basic additional training (at )
Faculty education + deep additional training (at )

2.2. Measures
The results received from the real-world solving study [27] play was based on the
number of new solutions generated by the teams in a limited time (10 min). We have
considered all the solutions that were written or drawn/sketched on the leaflets of solutions.
Based on the given number of solutions, we continued the distribution and deployment
of all participants in levels according to other parameters. The classification of the results
is shown in Table 8. All the level classifications and calculations are made regarding the
above-described individual parameters’ classification.
Table 8. Results measures and level classification.
No. of
Solutions’

Level

Solutions’
Feasibility

Level

Thinking
Activity

Level

Age
[Years]

Level

Prior
Knowledge

Level

Production
company A

14

3

8/14
(57%)

2

7
(70%)

2

39

3

General

3

Service
company A

10

1

7/10
(70%)

3

7
(70%)

2

47

4

Basic

2

Production
company B

11

2

9/11
(82%)

4

7
(70%)

2

51

5

None

1

Service
company B

21

5

20/21
(95%)

5

9
(95%)

5

29

1

Wide theoretical

4

Production
company C

17

4

15/17
(88%)

5

9
(90%)

4

32

2

Deep

5

Mix
company C

15

3

10/15
(67%)

3

9
(80%)

3

42

3

General

3

Education
Level
Faculty
education
Secondary
school +
at
Secondary
School
Faculty
education
+ basic at
Faculty
education
+ deep at
mix

Level

3
2
1
4

5
/

3. Numerical Modeling Results
According to the input data, a linear regression was performed [29] between the
individual parameters. We were interested in the dependence of the number of solutions fns ,
on the technological feasibility of the solutions fsf , the team thinking activity fta , the average
age of the team members fa , the prior knowledge about sustainable production systems
methods fpk , and the education level fel . Using the Minitab [30] software environment, we
performed a linear regression of the specified parameters for the purpose of determining
individual correlations. In the Minitab statistical environment, the following simulation
parameters were used:
-

linear type of the regression model,
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-

95% confidence and prediction intervals, and
Pearson correlation type.

Considering that, as a production or service company, we want to have as many
real-world solutions as possible, according to our approach, we proposed the evaluation of
the number of solutions with the level 5. Based on the simple linear equations below, we
could calculate the necessary missing parameters that could lead us to a higher number of
new solutions and higher employee knowledge capabilities. Depending on the missing
parameters, we can improve our development team, and we can adjust the parameters to
the optimal function for getting the maximum number of real-world solutions.
All the numerical results of the linear regression analysis are based on a five-level
classification of participants according to the parameters considered, as shown in Table 7;
consequently, the values of the correlation and determination factors are independent of
the number of participants in a single group. The values presented allow for the application
of the proposed approach for individual or general assessments of creativity potential.
3.1. Linear Regression Models
Regarding the next presented Equations and Figures, first for Equation (3) and Figure 1a, there is a positive correlation between the number of generated solutions and the
number of technologically feasible solutions. A positive linear regression with a regression
constant of 2.167 and a regression coefficient of 0.5000 is a display with a rising line. The
95% confidence interval indicates that five of the six input data are within the specified
interval. The standard error of the linear regression S is 1.099, and the determination factor
r2 = 0.341.
fsf = 2.167 + 0.5000 × fns
(3)
Positive linear regression is also reflected in the correlation between the number of
solutions and the team thinking activity, with a regression constant of 0.6000, a regression
coefficient of 0.8000 (Equation (4)), a standard calculation error of S = 0.6324, and a determining factor r2 of 0.800. With the confidence interval from Figure 1b, we can see that five
of the six values are within the boundaries of the interval.
fta = 0.6000 + 0.8000 × fns

(4)

A negative linear regression can be observed in the following two functional dependencies in the negative correlation between the number of solutions and the team’s average
age. The higher the average age, the smaller is the number of generated solutions. This
is reflected in Equation (5), in which the regression constant is 5.700, and the regression
coefficient is −0.9000, which determines the decreasing linear function. The standard
calculation error is S = 0.6892, and the coefficient of determination r2 is 0.810. Results are
shown on the left side of Figure 2a. Within 95% of the confidence interval, there are five of
the six input data.
fa = 5.700 − 0.900 × fns
(5)
The positive linear connection in our case of input data is shown in the connection between the number of solutions and prior knowledge of the sustainable production systems.
Equation (6) shows a positive linear regression in which the regression constant is 0.6000,
and the regression coefficient is 0.8000. The graphical staging of the obtained solutions in
Figure 2b shows a standard calculation error of S = 0.9486, and the determination factor r2
is 0.640.
fpk = 0.6000 + 0.8000 × fns
(6)
In relation to the positive correlation between the number of solutions and the solutions’ feasibility, the expected level of knowledge has a positive effect on the number
of solutions presented by the linear regression Equation (7) and the calculation results in
Figure 3. The positive slope of the linear equation is represented by a positive regression

95% confidence interval indicates that five of the six input data are within the specified
interval. The standard error of the linear regression S is 1.099, and the determination factor
r2 = 0.341.
fsf = 2.167 + 0.5000 × fns
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Positive linear regression is also reflected in the correlation between the number
of
solutions and the team thinking activity, with a regression constant of 0.6000, a regression
coefficient of 0.8000 (Equation (4)), a standard calculation error of S = 0.6324, and a determining factor
r2 of 0.800.
With
the confidence
interval
from
Figure
1b, we
can see that
five
coefficient
of 0.6000,
and the
regression
constant
is 0.8000.
The
standard
calculation
error
S
is
theare
determination
factor r2 is 0.640.
of0.9486,
the six and
values
within the boundaries
of the interval.

= 0.6000
+ 0.8000
fel =fta0.6000
+ 0.8000
× ×fnsfns
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the number of generated solutions. In the following, correlations are presented between
all of the above-mentioned criteria. A very high negative correlation can be found in the
interaction between prior knowledge about sustainable production systems methods and
age, which is reflected by the coefficient of correlation where r is −0.900. In our case,
companies with a higher prior knowledge are high-tech companies with a younger average
employee age. In addition, a very high positive correlation is shown by the correlation
between the prior knowledge, depending on the educational level. During their education,
the employees gain more and more knowledge about sustainable production systems
and the importance of formal an informal addition training. In our case, this relates to
occupations in technological disciplines, where solving engineering problems is often
based on new and innovative solutions. Of course, the level of knowledge of sustainable
production systems does not increase only during formal education. It continues to the
time of active engagement in companies, which is well demonstrated by the coefficient of
correlation r, 1.000.
A high negative positive correlation is shown in the coefficient of correlation r, which
is −0.900, linking the educational level and the age of the participants. As mentioned above,
in our case well-educated employees were working in the service or production high tech
companies, where knowledge is very important to make new products and services. A high
positive correlation is reflected in the team thinking activity, which seeks new solutions, and
in the number of solutions given by the team. The greater the team thinking activity, the
greater the number of new real-world proposed solutions. In our example, the relationship
between the number of solutions and the team thinking activity is shown with a correlation
coefficient of r2 = 0.894.
In our case, a moderate positive correlation is shown in three interdependencies.
The coefficient of correlation between the team thinking activity and the technological
feasibility of solutions is 0.783, which proves that the technological feasibility of solutions
depends on the activities of thinking within the group. A moderate positive correlation
is also shown in the correlation between the technological solutions’ feasibility and the
level of education, which can be confirmed by the hypothesis that education, especially in
the technological direction, influences the technological feasibility of solutions positively.
Given the educational structure, we can assume the number of feasible solutions. It follows
that the development team must be well-educated in the company, in addition to ensuring
interdisciplinary connectivity and openness to a wide range of innovative solutions. The
correlation coefficient between the educational level and the solutions’ feasibility is 0.467.
With a correlation coefficient of 0.783 between the team’s thinking activity and the level of
education, we can find a moderate positive association. The higher the educational level,
the higher the team thinking activity.
Lower positive correlations appear in the coefficient of correlation of 0.467 between
the prior knowledge and the solutions’ feasibility. In this case, a preliminary knowledge
of the sustainable production system methods influences the technological feasibility of
solutions positively. Thus, in this case, the importance of the awareness of sustainable
production knowledge techniques is perceived for the purpose of technologically feasible
solutions. We can think of two explanations for the negative correlation coefficient of
−0.467 between age and the solutions’ feasibility. Of course, the technological feasibility of
the solutions entails a lot of experience in how to solve problems and which resources we
have at our disposal. On the other hand, we can conclude that even younger well-educated
engineers can provide high-tech solutions. The detailed numerical results are shown in
Table 9. Positive moderate correlations are shown between the number of solutions and
the solutions’ feasibility, where the correlation coefficient is 0.584. Given the diversity of
the research group, we cannot show high positive correlations between the mentioned
parameters from the production and services companies. In our case, there is also a
high coefficient of correlation between the education level and the number of solutions:
0.800. There is a high negative correlation, with a correlation coefficient of −0.894 between
the thinking activity and age. We can see that companies with younger well-educated
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employees are more aware of the importance of applying sustainable production system
methods in solving real-world problems. The moderate-high positive correlation is shown
in the correlation coefficient of 0.800 between prior knowledge and the number of solutions.
The moderate–high correlation can be attributed to the broad age group of the research
teams, based on which we find that the previous knowledge is influenced by the positive
number of solutions given. It should be emphasized that this connection can be completely
different within a homogeneous research team. The high negative correlation is reflected in
the correlation coefficient −0.900 between the age and the number of solutions given. Thus,
we can determine that the number of solutions presented dropped with age.
Table 9. Correlations between number of solutions, solutions’ feasibility, thinking activity, age, and
prior knowledge.

Solutions’ feasibility
Thinking activity
Age
Prior knowledge
Education level

Number of
Solutions

Solutions’
Feasibility

Thinking
Activity

0.584
0.894
−0.900
−0.800
0.800

0.783
−0.467
0.467
0.467

−0.894
0.783
0.783

Age

−0.900
−0.900

Prior
Knowledge

1.000

3.3. Mixed Group Experiment
In view of the results presented above and the correlations between factors (number of
solutions, solutions’ feasibility, thinking activity, education level, age, and prior knowledge),
we assembled an experiment with two mixed groups of participants for evaluating the
employees’ knowledge level. The teams consisted of eight individuals, including:

•
•
•
•

Four Faculty students,
Four production company employees,
Four service company employees and
Four high-tech new technology incubator employees.

The mixed team was thus composed of differently aged members, with different
prior knowledge and educational levels. All participants had not participated in the
study previously. The aim of such mixed teams was to evaluate the influence of the
different age groups on the number of proposed solutions, their feasibility, and their team
thinking activity.
The timing and playing procedure of the real-world solving problem and the execution
process were inherently identical to those of the groups presented above. The study was
moderated by the same moderator, with the same modified real-world problems. The
participants of the study did not know what the study’s main goal of solving was (getting as
many solutions as possible to solve the chosen problem). Thus, only the intended objectives
were specified, and not the objectives of the research.
Table 9 shows the results of the study to highlight the importance of the employees’
knowledge in two mixed groups. The results are presented with the number of proposed
solutions, the technological feasibility of the solutions, and the team thinking activity in the
performed study. The levels of individual parameters are shown according to the previous
definitions in the Method and Methodology Section. The ninth column shows the average
age of the participants in the group.
From the results in Table 10, we find that these two mixed groups of participants
provided the largest number of solutions for the real-world problem. Seventeen and
twenty-four solutions were given, the highest number among all the teams participating
in this research. Of these seventeen and twenty-four solutions, 82% and 87.5% were
feasible, given the technologies currently available. However, we detected a high degree of
intra-group connectivity, which corresponded to a 90% and 100% team thinking activity.
From the results of the mixed group experiment, we can conclude that different ages and
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intergenerational collaboration are very important, and the teams in this case have a high
employee knowledge potential. It can be observed that the cooperation of the members
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were given by the youngest participants, who provided many solutions for the real-world
problem. The number of solutions given by high-tech company employees is on the top
of our diagram, which can be linked to the topics shown in Table 7 and relate, in many
cases, to technological real-world problems. According to the orange graph, we can con-
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the youngest participants, who provided many solutions for the real-world problem. The
number of solutions given by high-tech company employees is on the top of our diagram,
which can be linked to the topics shown in Table 7 and relate, in many cases, to technological
real-world problems. According to the orange graph, we can conclude that the number of
solutions in the following age groups is falling steeply. Participants who, according to their
age, were in the middle ages of life, show fewer solutions, as confirmed in the literature [11].
Considering that our research covered a wide range of age groups, we can say that the
number of solutions is greatest among middle-aged, well-educated employees.
4.2. Solutions Feasibility vs. Age
The correlation between technological feasibility and age is shown in the yellow graph
in Figure 4, based on which we find that the technological solutions’ feasibility of the given
solutions is high when the age is low (corelated to the well-educated high-tech companies’
employees) and increases with the age and employees experience. This can be attributed to
the formal and non-formal education that the participants in all groups were exposed to.
Each level in the educational process contributes to the adequacy of the solutions provided.
In our case, this applies to the participants of companies A, B, and C, who are engaged
in the development activity of new products and services. In the professions—which, in
our case, are related to technology—we notice that the solutions given by the participants
in the groups are, in most cases, related to the profession in which they are educated or
in which they operate. Technological feasibility can partly limit the number of solutions
given, as participants are unconsciously burdened with selecting the kind of solutions they
will give. In our case, the moderator challenged open and unlimited real-world solutions
regarding their feasibility, but the technological orientation of a particular group can still
be seen from the results.
4.3. Team Thinking Activity vs. Age
As already stated above, in our case, the same moderator moderated all groups.
However, the number of active participants who participated in the study differs among
the individual age groups (green graph). We can observe that the least active participants
are from the oldest age group. Depending on the observations misleading the moderator
immediately after the study, we can say that, in some respects, the elderly do not find it
sensible to perform the study for the purpose of evaluating employees’ knowledge level.
In these cases, the members of the group showed some deviation from the importance of
problem solving.
4.4. Prior Knowledge and Education Level vs. Age
Considering that the parameters of prior knowledge about sustainable production
system methods and educational level are strongly linked, we have compared them together
with age (booth graphs, brown and dark green, having the same values). It is a wellknown fact that a certain level of knowledge comes with a formal education, which is also
conditioned by appropriate terminological periods. Formal education, however, adds an
informal education over the years, but both qualifications and their level depend on the
intellectual capabilities and limitations of the individual. The graph in brown shows the
previous knowledge, and the dark green graph shows the level of education, which have
the same values, presented in Figure 4. Regarding age, both graphs are falling. In our
study the youngest employees were the most formally and informally educated (additional
training) in relation to sustainable production systems. Based on the results presented, we
find that formal and informal knowledge is necessary for an appropriate level of knowledge
within production or service companies.
5. Conclusions
In the presented research work, we wanted to show the importance of the employees’
knowledge, which can be promoted and evaluated by applying the knowledge of green
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sustainable production systems within a company that wants to be more competitive in the
global market. We have presented a new numerical modeling approach using a real-world
problem-solving case in which we have shown the importance of promoting the knowledge
of employees and the key parameters to elevate a team’s level of knowledge.
We used linear regression methods to show the interdependencies, and the results were
formulated and presented numerically to show the interdependencies of the parameters.
The results obtained in the first phase of the research were used to create a general decisionmaking model that can be used by any manufacturing or service company to determine
the employees’ knowledge level. The classification of the obtained results is presented
graphically and numerically. The obtained results are related to the results reported in the
literature [5]. The main contribution compared to their research works is our model for
decision-making and knowledge level assessment, with the main objective of increasing
the knowledge level of team members. On the other hand, the main results are related to
the individual dependence on different team characteristics. We have shown that with the
proposed method, the evaluation of the current knowledge level of the team is known and
can be increased, if necessary.
With the aim of testing our approach and the first-phase numerical results, we have
shown the importance of the mixed group study, which in our case has produced high
quality results in terms of the number of given solutions in solving problems from the field
of green and sustainable manufacturing [31]. However, we must emphasize that our results
refer more to the technology-oriented problem, which is focused on solving existing and
new technological challenges [32,33]. This poses some limitations. Moreover, most of our
participants are educated in the technological field. Based on the tests of the presented
approach, we can claim the overall usefulness and effectiveness of using the proposed
approach to measure the knowledge level of the employees and consequently to ensure
the long-term viability of our company. The presented results suggest that the knowledge
level of individual team members can be improved, thus increasing and improving the
knowledge and awareness of green and sustainable systems.
In future steps of the research, we will extend the data collection to an even larger
number of participants. Given the positive results of mixed groups, we will focus on the
evaluation and importance of mixed R&D teams in companies, including mixed nationality
teams and team members with different initial knowledge education (not just focusing
mainly on technology-based professions). Using a larger database, we will perform more
detailed statistical analyses based on the evaluation of correlation factors between different parameters of employees’ knowledge capabilities. We believe that in the era of
Industry 4.0 and the awareness of sustainably oriented companies [34], the importance of
R&D team members’ knowledge is essential for achieving positive social, economic, and
environmental outcomes.
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