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Abstract: Modern technologies continuously change humans and their relation-
ship with the environment. They can achieve a lot in the field of chemical eng-
ineering, thereby improving and enhancing the quality of human life, but on the
other hand, technologies can be used to destroy human lives. Technical and
technological culture (hereinafter referred to as TTC) is the entirety of social
achievements in the field of technical and technological sciences and their
application, as well as of the all knowledge and skills needed to understand the
achievements, use them correctly, transfer them to the younger generation and
create new values in this field. This paper will present a pilot study aimed to
examine the attitudes and beliefs of engineers, Technological (chemical eng-
ineering) and Technical faculties, regarding the development of TTC and to
determine socio-demographic factors that may influence its development. The
research was conducted in Serbia and Croatia. The results indicate that the most
important aspects of TTC are: the development of awareness of sustainable
development, the impact on environmental protection, efc. The respondents
recognized the ethical challenges we face today, the need for the education of
young engineers and the promotion of TTC in the media and professional public.

Keywords: environmental protection; ethical; attitudes; research; promotion;
education.
INTRODUCTION

Engineering practice has been present since the beginning of humankind.
The history of chemical engineering traces the historical and technological dev-
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758 POPOVIC et al.

elopment of industry.! Today’s modern technologies are not only a product of
humans but also a prerequisite for their existence; they continuously change the
mankind and their relationship to the environment.2 A chemical engineer is a
professional who researches, develops, advises and directs chemical processes at
a commercial level.3 Developing a comprehensive skill set, including technical,
professional, and technological expertise, is critical to success in an increasingly
competitive global job market.# At the turn of the millennium, there was a dis-
crepancy between the trained engineers and the engineers that society needed,
while there have been concerns about the ability of future professionals to act
socially and to cope with the current global challenges, that are becoming much
more complex and multidisciplinary.!-> The engineering education is being urged
to move towards student-centred teaching.! The competency-based curriculum
represents a major paradigm shift in the conceptualization of the university educ-
ation system. 16 Professional competencies include three dimensions: knowledge,
skills and attitudes.! To develop these skills, the global institutions have pro-
moted and adapted teaching strategies aimed at preparing students to work in
complex situations.! During the engineering education process, it is necessary to
develop students’ ability to perceive humanity and sociality, to bridge the gap
between humanitarian and technical and technological culture, and to eliminate
the traditional dehumanization of the engineering-technical education.” The chal-
lenges for chemical engineers, at local, regional, national and global levels,
require graduates to have strong training in technical skills and knowledge, but
also in soft skills, and such as communication and teamwork, critical and creative
thinking, ethics and sustainability, as well as in social responsibility.3 In 2019,
Serbia and Macedonia held training called Escape Room, aimed to promote stu-
dent engagement and motivation to master teaching content through playing,
improve the communication skills via social interaction and fun, and develop
creative, critical and logical thinking, self-regulation and a positive attitude
towards chemistry lessons.® The technological changes and the introduction of
new technological concepts lead to the emergence of completely new needs reg-
arding the behaviour and competencies of those who implement production pro-
cesses.? The introduction of technological innovations into everyday life, the
readiness to recognize new solutions, the acquisition of the ability to exploit tech-
nological products is associated with a personal, organizational, and local culture,
and should be analysed as a separate category — technical and technological cul-
ture.!0 According to Wyrwicka, technical and technological culture is a system of
permanent attitudes and efficiency, which enable the proper use of the existing
technological products in order to change the pattern in the quality of life.10 It is
expressed in relatively permanent and positive attitudes towards the phenomena
of technology (design and product), in the possession of knowledge, and above
all in the ethical behaviour and the attitude of people involved in different tech-
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nological situations.10 Technical and technological culture manifests itself in rel-
atively long-term activities and good ethical human attitudes, enabling the correct
application of the existing technologies and the development of new ethical
solutions aimed at the improvement of the efficiency of life's cooperative pro-
cesses.!! If we want to respond to the demands of future technological develop-
ment, it is important to reinvest in the concept of technical and technological
culture. It is also important for engineers, as they are the carriers of technical and
technological culture, to ask themselves questions related to the impact of tech-
niques and technology on society and the world we live in.!12 The social demands
for greener products, a reduction in greenhouse gas emissions and more sustain-
able processes have also had an irreversible impact on the chemical industry.!
The chemical engineering professionals must have the necessary skills and abil-
ities to apply numerical solutions and understand their limitations and difficulties
in approach, and also possess critical thinking, etc.! The role of engineers in the
transformation of society is very clear. Engineers, throughout history, have been
uniquely suited to provide new solutions to some of the humanity's greatest chal-
lenges.4 At present, the state of engineering has been assessed as critical, with a
focus on four areas in particular: the taking over of engineering by unconvent-
ional design; the technological takeover of engineering; an awareness of the neg-
ative consequences of engineering; and a crisis in the traditionally scientific and
engineering image of the world.!3 In this context, technical and technological
culture is a valuable aspect of modern and future education and includes the per-
sonal qualities that enable a technologically competent solution of any problems
in the field of engineering and creative solutions to social and economic issues.!3
The process of introducing technical and technological culture is sometimes very
difficult and therefore it is necessary to overcome the inertia of technocratic
thinking and a misunderstanding of the importance of the idea of developing
technical and technological culture and the personal characteristics and qualities
that are important for it.13 The european engineering education and academic
networks in Europe should open up to cooperation with academic, student, ind-
ustrial and professional partners worldwide and, in addition to lifelong learning,
expand the inclusion of non-technical skills without lowering the technical level
of the learning process and also improve the cooperation between companies and
universities in the field of education.!4 The mission of educators is to contribute
not only to building a society of “knowledge” but also a society of “wisdom”.14
This paper presents the pilot research on attitudes and beliefs about technical
and technological culture, as well as socio-demographic factors that can have an
impact on its development (gender, age, education, years of work experience,
company size, ownership structure of the company and its activity, as well as
satisfaction with the respondent’s material status). The pilot research was con-
ducted on a sample consisting of engineers from the Technical and Technological
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Faculties (chemical engineering) in the Republic of Serbia and the Republic of
Croatia. Professors/assistants, students and employees in the industry/IT sec-
tor/NGO also participated in the research. As part of the pilot research, a quest-
ionnaire was constructed to examine attitudes and beliefs about the development
of technical and technological culture, which was created on the basis of a list of
questions, related to the perception of the development of technical and tech-
nological culture (list of survey questions, Wyrwicka), supplemented with the
indicators for popularization and the legislation of scientific and technical tech-
nological culture and the key competencies of polytechnic engineers.10,15.16

METHODOLOGY
Pattern and procedure

A total of 105 respondents participated in the research, the majority of them were male
(56.19 %), with a slightly higher number of respondents from Serbia (59.04 %) compared to
respondents from Croatia (40.96 %). In relation to the engineering profile, a larger number of
respondents were engineers of technical sciences (75.24 %) compared to engineers of techno-
logical sciences (chemical engineering) (24.76 %). The largest number of respondents were
professors/assistants at faculties (54.29 %), followed by the employees in the economy/ind-
ustry/IT/NGO (35.24 %), while the smallest number of respondents were students (10.48 %).
The majority of respondents, from both countries, attended doctoral academic studies as their
educational level (50.00 %). When it comes to differences between countries, and in the con-
text of individual socio-demographic characteristics of the respondents, differences were pre-
sent only in respect of company size. The respondents from Serbia are mostly employed in
large companies (in excess of 250 employees), while respondents from Croatia are more often
employed in medium-sized companies (from 50 to 250 employees). The complete socio-
-demographic characteristics of the sample, for the entire sample, as well as for each country
individually, have been presented in Table 1.

The data collection was carried out during September and October 2023, within the Rep-
ublic of Serbia and the Republic of Croatia. The respondents were invited to participate in the
research through various communication media (live, by phone, email, etc.) and were inf-
ormed about the goals of the research, prior to filling out the questionnaire. The participation
in the research was anonymous and the respondents needed about five minutes to answer the
questionnaire. The data collection was carried out through the Google Forms platform.

Instrument

The questionnaire for the assessment of attitudes and beliefs on technical and techno-
logical culture (hereinafter: TTC), created for the purposes of this research, includes a total of
31 questions with a 5-point Likert-type response scale (from 1 — completely disagree to 5 —
agree completely). The questionnaire items were devised in accordance with the subject of the
measuring items, applied during the previous researches (for the use of which we obtained the
author's consent), and are directly related to the research problem from this paper, as well as
the assessment of several experts from the field.!213:19 One question each was associated with
the understanding of the meaning of the term TTC, as well as the development of TTC. The
remaining questions were grouped into the sets of questions related to education on TTC (3
questions), promotion of TTC (3 questions), legal regulations related to TTC (2 questions),
different attitudes and beliefs regarding TTC (18 questions) and cultural factors (3 questions).
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TABLE I. Sociodemographic characteristics of the sample

Total Serbia Croatia

Variable Category N oy N T, N % x> DF p
Gender Male 59 56.19 30 4839 29 6744 374 1 .053
Female 46 43.81 32 51.61 14 32.56
Age (years) 2024 4 381 2 323 2 4.65 743 6 .283
25-29 11 1048 5 806 6 1395
30-34 20 19.05 10 16.13 10 23.26
35-39 12 1143 9 1452 3 6.98
40-49 38 36.19 27 4355 11 2558
50-59 15 1429 6 9.68 9 20.93
60 + 5 476 3 484 2 4.65
Education OAS 21 20.00 12 1935 9 2093 0.67 2 .714
MAS 34 3238 22 3548 12 27091
DAS 50 47.62 28 45.16 22 51.16
Professional Students 11 1048 7 1129 4 930 217 2 .337
status Prof. and Ass. prof. 57 54.29 30 4839 27 62.79
Employed in 37 3524 25 4032 12 27091
industry/IT/NGO
Engineering Technical 79 7524 47 7581 32 7442 0.02 1 .871
profile Technological 26 2476 15 24.19 11 25.58
Years of work 0-1 3 28 2 323 1 233 733 8 .501
experience 1-5 21 20.00 13 2097 8 18.60
6-10 18 17.14 9 1452 9 2093
11-15 19 18.10 15 24.19 4 9.30
16-20 17 16.19 11 1774 6 1395
21-25 13 1238 5 8.06 8 18.60
26-30 3 28 2 323 1 2.33
31-35 7 667 3 484 4 9.30
36+ 4 381 2 323 2 4.65
Company size Micro (1-10) 4 381 3 484 1 233 1459 3 .002
(number of Small (11-50) 15 1429 8 1290 7 16.28
employees) Medium (51-250) 48 45.71 20 3226 28 65.12
Large (250 +) 38 36.19 31 5000 7 16.28
Company Service 78 7429 50 80.65 28 65.12 320 1 .073
activity Production 27 2571 12 1935 15 34.88
Ownership Domestic public 70 66.67 39 6290 31 72.09 6.85 3 .077
structure Domestic private 26 24.76 14 2258 12 2791
Foreign 7 667 7 1129 0 0.00
Shared ownership 2 190 2 323 0 0.00
Satisfaction Very dissatisfied 1 095 1 161 0 0.00 3.69 4 .448
with material Dissatisfied 11 1048 7 1129 4 9.30
status Neider sat. nor 26 2476 18 29.03 8 18.60
dissat.
Satisfied 55 5238 28 45.16 27 62.79

Very satisfied 12 1143 8 1290 4 9.30
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RESULTS AND DISCUSSION

The descriptive statistical analysis was performed using the SPSS program.
The descriptive statistics and the correlations between variables have been pre-
sented in Tables II and III. Based on the value of the indicators of the shape of
the distribution (skewness and kurtosis), we concluded that the distribution of all
continuous measures were close to normal distribution. When it comes to correl-
ation coefficients, the results pointed to the conclusion that the correlations were
predominantly statistically significant, positive and of low to moderate intensity.

TABLE II. Descriptive statistical indicators; Min — minimum value; Max — maximum value;
AS — arithmetic mean; SD - standard deviation; Sk — skewness; Ku — kurtosis

Indicator Min  Max AS SD Sk Ku
Meaning of the term TTC (1) 1 5 3.89 093 -0.71 043
Development of TTC (2) 1 5 363 092 024 -040
Edukation about TTC (3) 7 15 1237 1.77 -0.56 0.03
Promotion of TTC (4) 7 15 11.57 1.64 -040 0.28
2
4

Legal regulations related to TTC (5) 10 6.38 149 -0.09 0.85
Development of awareness about TTC (6) 1 90 7532 1150 -0.85 0.44
Cultural factors (7) 6 15 11.55 231 -041 -0.44

TABLE III. Correlations between continuous measures; * p <.05; ** p < .01

Indicator 1 2 3 4 5 6 7
Meaning of the term TTC (1) 1

Development of TTC (2) 464™ 1

Edukation about TTC (3) 648" 562" 1

Promotion of TTC (4) 389" 517" 565 1

Legal regulations related to TTC (5) 384%™ 223" 299" 481" 1

Development of awareness about TTC (6) .240™ 211% 279" 342™ 123 1
Cultural factors (7) 248 070 163 .195% 089 273" 1

The association and diffterences in socio-demographic variables, with the
understanding of the meaning of the term TTC and the development of TTC,
have been presented in Table IV. The satisfaction with material status achieves a
statistically significant and positive correlation of low intensity with the question
related to the development of TTC. The respondents from Croatia, and respond-
ents/engineers of technical sciences, achieved higher scores than the respondents
from Serbia, and the respondents/engineers of technological sciences (chemical
engineering), with the respect to understanding the term TTC (Fig. 1). This data
shows us that the technological faculties (chemical engineering) in Serbia should
implement promotional activities (or education) for students, professors and emp-
loyees in the economy/IT/NGO, about technical and technological culture, and
contribute to its better understanding. The remaining correlations, as well as the
differences between the groups, are not statistically significant.
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TABLE IV. Association and differences in sociodemographic variables with the understand-
ing of the meaning of the term TTC and the development of TTC. The results from the upper
part of the table refer to the results obtained using the Pearson correlation coefficient », while
the results from the lower part of the table refer to the results obtained using #-test for inde-
pendent samples/one-way analysis of variance

Variable Meaning of the term TTC Development of TTC
r/T/F-test p 7/T/F-test p

Age, years 146 137 .026 0.791
Education —-.181 .064 —-.043 0.661
Years of work experience .160 .103 .054 0.584
Company size —.068 491 -.097 0.327
Satisfaction with material status .091 358 274 0.005
Gender 1.428 156 —0.870 .386
Company activity —0.736 463 —0.248 .805
Country -2.028 .045 —-0.853 396
Engineering profile 2.489 014 1.314 192
Professional status 0.932 397 0.603 .549
Ownership structure 1.740 .164 2.622 .055

4,50 09 o

4,00 3,74

3,50

3,50 -

3,00

2,50 -

2,00

1,50

1,00 -

0,50 -

0,00 -

Serbia Croatia Technical ‘ Technological
Country Education profile

Fig. 1. Differences between countries and educational profiles in the context of understanding
the meaning of the term TTC.

The association and the differences in socio-demographic variables with the
understanding of the meaning of the term TTC and the development of TTC,
especially by country and especially by engineering profile, have been presented
in Tables V and VI. When it comes to correlations, there are significant and posi-
tive correlations between the satisfaction with material status and the develop-
ment of TTC in the sub-sample of respondents from Serbia, as well as in the sub-
-sample of respondents/engineers of technological sciences (chemical engineer-
ing). This result indicates that the engineers of technological sciences (chemical
engineering) in Serbia, who are more satisfied with their material status, have a
more developed TTC in their environment. Age and work experience achieve
significant and positive correlations with the meaning of the term TTC, on the
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sub-sample of respondents/engineers of technical sciences. When it comes to the
significance of the differences between the groups, the female respondents
achieved higher scores on the understanding of TTC, on the sub-sample of res-
pondents from Croatia, while male respondents from Serbia achieved higher scores
from the companies that are jointly owned, compared to the respondents whose
companies are from other categories of ownership structure. The remaining cor-
relations and differences between groups are not statistically significant. The sig-
nificant differences between groups have been presented in Fig. 2.

TABLE V. Association and differences in sociodemographic variables with the understanding
of the meaning of the term TTC and the development of TTC, especially by country. The
results from the upper part of the table refer to the results obtained using the Pearson
correlation coefficient », while the results from the lower part of the table refer to the results
obtained using #-test for independent samples/one-way analysis of variance

Variable Meaning of the term TTC Development of TTC
Serbia Croatia Serbia Croatia
r/T/F-test p  r/T/F-test p  r/T/F-test p r/T/F-test p
Age, years 0226 .077 0.064 .683 —0.005 967 0.078  .618
Education -0.185 .149 -0.206 .185 —0.138 .285 0.086 .584
Years of work 0.209 .103  0.042 790 0.004 973 0.101 .517
experience
Company size -0.066 .608 0.058 713 -0.153 235 0.058 .712
Satisfaction with 0.088 .497  0.046  .768 311 014 0.193 214
material status
Gender 0928 357 0560 .578 0.287 775 -2.212 .033
Company activity -0.656 515 0.167 .868 —-0.671 .511 0991  .327

Professional status 1.830 .169 0.093 911 0.001 999  1.269 292
Ownership structure 2.189  .099 0.157 .694 3.104 .033 0984 327

The differences by country and engineering profile (technical and techno-
logical sciences), in the context of the remaining continuous measures, have been
presented in Table VII and Fig. 3. Between the engineering profiles, the only
statistically significant differences were identified on the dimensions education
on TTC, where the respondents who belong to technical sciences achieve sig-
nificantly higher scores than the respondents who belong to technological sci-
ences. The remaining differences are not statistically significant, neither when it
comes to the differences between countries, nor when it comes to the differences
between engineering profiles (engineers of technical sciences and engineers of
technological sciences (chemical engineering)).

When it comes to the degree of agreement between the respondents’ state-
ments related to attitudes and beliefs about what TTC refers to, the results (arith-
metic means) have been presented in Table VIII. The results have been presented
for the entire sample of respondents, subsamples by country and subsamples by
engineering profile (technical and technological). Regardless of whether it refers
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to the entire sample of respondents, or about sub-samples with the respect to
country and engineering profile, the highest degree of agreement refers to the
statements related to the development of the awareness of the environmental and
social impact of engineering and technology, the development of the awareness
of the impact of engineering and technology on sustainable development, encour-
aging the development of the awareness about the use of renewable energy
sources, encouraging the interest and forming the positive attitudes among young
people towards technique and technology, developing a responsible attitude
towards work, work tools and one’s own environment, and developing technical
and information literacy.

TABLE VI. Association and differences in sociodemographic variables with the understand-
ing of the meaning of the term TTC and the development of TTC, especially for engineering
profiles (technical and technological). The results from the upper part of the table refer to the
results obtained using the Pearson correlation coefficient », while the results from the lower
part of the table refer to the results obtained using #-test for independent samples/one-way
analysis of variance

Meaning of the term TTC Development of TTC
Variable Serbia Croatia Serbia Croatia
r/T/F-test p  r/T/F-test p  r/T/F-test p r/T/F-test p

Age, years 223 .049 0.202  .323 0.128 262 -0.253 212
Education -0.072  .531 -0.373 .061 -0.022 .847 0.082 .691
Years of work 0.221 050 0.230 258 0.169 .136 -0.206 .312
experience
Company size -0.141 216 0.030 884 -0.181 .111 0.178 .384
Satisfaction with -0.013 913 0.200  .326 0.187 .098  .528 .006
material status
Gender 0.342 733 1.209 238 -1.394 167 0.111 913
Company activity -1.284 203 1.480 .152 -1.443 155 -1.357 .187
Professional status 0.286  .752 1.638 213 0.850 431 1.766  .196
Ownership structure 1.045 .378 1.153 .294 2.144 102 0.053 .820

5,00 S

4,50 - 4,14 4,14 5,00

400 1 35 ] 3,44 3.43 ]

3,50 1

3,00 -

2,50 1

2,00 -

1,50

1,00 -

0,50 1

0,00

Male Female |Domestic - Domestic -| Foreign | Shared
state private ownership
Gender - Croatia - |Ownership structure - Serbia - Development o
Development of TTC TTC

Fig. 2. Differences between TTC development in relation to gender (Croatia) and ownerhip
structure (Serbia).

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



766 POPOVIC et al.

TABLE VII. Differences in relation to the country and engineering profile, and in the context
of the remaining continuous measures

Item Country Engineering profile
t-Test p t-Test P

Education about TTC -1.932 0.056 2.715 0.008
Promotion of TTC —-1.638 0.104 0.118 0.907
Legal regulations related to TTC —0.614 0.541 0.895 0.373
Development of awareness about TTC 0.067 0.946 0.813 0.418
Cultural factors 0.836 0.405 —0.549 0.584

14,00

12.63

12,00 - 11.58

10,00 -

8,00 -

6,00 -

400 -

2,00 -

0,00
|

Technical Technological

Education about TTC

Fig. 3. Distinguishing engineers’ profiles based on the cumulative score of three items
pertaining to the significance of education about TTC.

TABLE VIII. The degree of agreement of respondents with the statements related to attitudes
and beliefs about what TTC refers to

Technical Technological
engineers engineers
11.1. Obeying to the norms for the 3.96 4.08 3.62 405 3.84
successful performance of the
work process

No. Statement Total Serbia Croatia

11.2.  Establishment of work procedures 4.11 4.22 3.81 410 4.14
11.3. Creation of quality standards 4.16 4.27 3.85 4.08 4.28
(standardization)
11.4. Unification of the approach to ~ 3.90 3.86 4.00 394 384
technological problems
11.5. Prevention (anticipating future ~ 3.98 4.08 3.69 4.00 3.95
needs for successful work

performance)

11.6. Thriftiness (not spending more ~ 3.90 3.90 3.92 3.84  4.00
than is needed)

11.7.  Paying greater attention to work  4.13 4.19 3.96 415 4.12

efficiency (economy, rationality...)
11.8. Solidarity in the work environment 4.07 4.15 3.81 4.18 391

and cooperation (teamwork)
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TABLE VIII. Continued

Technical Technological

No. Statement Total . . Serbia Croatia
engineers  engineers
11.9. Reliability in people when 3.98 4.08 3.69 4.06 3.86
performing work tasks
11.10. Work discipline 4.01 4.04 3.92 4.02 4.00
11.11. Commitment to work 3.97 4.04 3.77 4.02 3091
(involvement in one's work)
11.12. Developing an awareness of the  4.38 4.42 4.27 432 447

environmental impact of technique
and technology (importance of
environmental protection)
11.13. Developing an awareness of the  4.42 4.47 4.27 437 449
social impact of technique and
technology (human aspect)
11.14. Developing an awareness of the ~ 4.52 4.49 4.62 448 4.58
impact of technique and
technology on the sustainable
development of society
11.15. Encouraging the development of  4.44 4.35 4.69 445 442
awareness about the use of
renewable energy sources
11.16. Encouraging interest and forming 4.45 4.37 4.69 435 4.58
an affirmative attitude, among
young people, towards technique
and technology
11.17. Developing a responsible attitude 4.33 4.29 4.46 442 421
towards work, means of work and
own environment
11.18. Developing technical and IT 4.60 4.57 4.69 4.56 4.65
literacy

Based on the research conducted in Poland, the author implies that technical
and technological culture will be more important in future business environments
and that it should be nurtured in every company, through organizational learning
and continuous improvement.10 The development of students’ professional com-
petences can be developed through the implementation of technical and techno-
logical culture at faculties.!2 The results of the research conducted in Russia indi-
cate that the introduction of content, for the formation of technical and techno-
logical culture among students, as future engineers, enables an increase in the
level of development of technical and technological cultural indicators.!3 In
addition, it ensures the integration of special, professional and technological
training that contributes to the formation of a certain technological view of the
world, and the mastery of technical and technological culture.!3 The results of
the pilot research presented in this paper, which we conducted among the eng-
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ineers of technological (chemical engineering) and technical faculties in Serbia
and Croatia, confirmed that educating young people about technical and techno-
logical culture is perceived as very important. The empirical research was con-
ducted in Hungary with the aim of examining the competencies of undergraduate
engineering informatics students.!7 Based on the obtained results, optional courses
were introduced into the curricula for engineering studies aimed at developing
their communication skills and preparing them for the globalized and competitive
labour market.!7 This research data has also highlighted the importance of team-
work and cooperation. The lack of required skills for the engineering sectors,
which reduces the scope of employment for engineering graduates, is particularly
pronounced in India where only 7 % of engineers are suitable for basic engineer-
ing jobs.!8 Based on the research results, it has been suggested that the profess-
sional skills, as well as social skills, are equally important for future engineers,
and their synergy in higher education can ensure more efficient learning and
teaching processes, and improve the quality of education.!” This is also con-
firmed by the results of our pilot research, which also stresses the development of
technical and information literacy, encouraging interest and forming positive atti-
tudes among young people towards technique and technology. An intervention
implemented, as part of an undergraduate course among chemical engineering
students at Columbia, led to an increase in the students' perceptions of the dev-
elopment of teamwork and collaborative skills.# The approach implemented in
Macedonia and Serbia, called Escape Room, based on teamwork, communic-
ation, cooperation and problem solving, contributed to the promotion of creativ-
ity, critical and logical thinking, a positive attitude towards chemistry and
encouraging student engagement and motivation.8 The project-based learning
and the use of educational projects in science are also some of the powerful tools
for the promotion, the motivation, and the inspiration of scientific and technical
and technological culture.!® The promotional activities are very important for the
development of technical and technological culture, and the results we obtained
through the pilot research indicate that technical and technological culture has
been insufficiently represented in the media, and that it should be promoted, in
particular among experts and engineers. Godin and Gingras present a multidim-
ensional model in which scientific and technical and technological culture is
defined as having two dimensions: individual and collective.!5 They discuss how
this model can be used to define the indicators of scientific and technical and
technological culture, and to understand the role of scientists in the dissemination
of scientific and technical and technological culture.!5> They also state that the
scientific and the technical and technological culture is related to the promotional
and diffusion activities aimed at the general public. Therefore, they point out that
the ability to design and present relevant policies, for the executives and the
managers in the industry, is the capacity to invest wisely in research; to evaluate
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and select new technologies and ensure adequate training of employees and the
proper maintenance of equipment.!5 The results of this research indicate the imp-
ortance of developing an awareness of the impact of technique and technology on
sustainable development, developing a responsible attitude towards work, work
tools and one's own environment, all of which is also a part of a technical and
technological culture. A constructivist approach centred on chemical engineering
students, applied to modernize the chemical engineering curriculum at the level
of the faculty, defines the so-called sensitivities, capacities and competencies
(SCC) as a set of attitudes, skills and knowledge necessary for the integral work
of an engineer.3 They were considered from two points of view: general and dis-
ciplinary training. At the disciplinary level, the historic traditional pillars of
chemical engineering have been preserved using the advantage of academic res-
earch, development and innovation (R+D-+I), an the expertise required by ind-
ustry across the university, in addition to the transversal priority areas for modern
professional chemical engineering.3 The pilot research results obtained in this
paper have presented the following views: developing an awareness of the eco-
logical and social impact of technique and technology, developing an awareness
of the impact of technique and technology on sustainable development, efc.

CONCLUSION

Technology is changing the world, and engineers are the ones who create,
design, and produce everything in our environment, and that is the reason why
their attitudes and beliefs are of importance, because of how the world will look
tomorrow depends on them. In this pilot research, we used a questionnaire des-
igned to examine the attitudes and beliefs of the engineers of technical and tech-
nological sciences (chemical engineering) about the technical and technological
culture, which we believe has been unfairly overshadowed by the innovation and
which is of great importance for the future directions of technical and techno-
logical development, and the engineers as their creators. The results obtained in
this pilot research indicate that our respondents — engineers of technological sci-
ences (chemical engineering) and technical sciences have positive attitudes
towards the statements related to technical and technological culture, but state
that they do not understand the meaning of the term technical and technological
culture, which can be the result of insufficient representation of this topic in the
media, as well as the lack of promotional activities among the general and pro-
fessional public. The greatest misunderstanding of the term technical and techno-
logical culture was expressed by the respondents of technological sciences
(chemical engineering) from Serbia, which could be significant for thinking
about the education of young people, and the organization of promotional act-
ivities at faculties and among the general public. Given that our respondents were
engineers, all interested parties should be involved in the promotion of technical
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and technological culture: from universities, government, the private sector, and
non-governmental organizations. A better understanding of the meaning of the
term technical and technological culture, of the respondents from Croatia, can be
linked to the legal regulations and the existence of laws of technical culture in
Croatia. It is interesting that, although they express a lack of understanding of the
term technical and technological culture, some significant and positive correl-
ations were achieved between the satisfaction with material status, and the dev-
elopment of technical and technological culture in the working environment on
the sub-sample of respondents from Serbia, as well as on the sub-sample of res-
pondents/engineers of technological sciences (chemical engineering). It is indi-
cated that the engineers of technological sciences (chemical engineering) in Ser-
bia, who are more satisfied with their material status, have a more developed
technical and technological culture in their environment. Based on an analysis of
the obtained data, it can be concluded that all respondents agree that young
people should be educated about technical and technological culture, that it is
important to promote it among scientists and engineers, and that the topic of tech-
nological culture should be more represented in the media, and also, the legis-
lation and the law on technical and technological culture should be adopted in
Serbia as well. We hope that these results will stimulate thinking and will be
followed by the specific actions regarding education and the promotion of the
technical and the technological culture, so that all engineers develop positive and
ethical attitudes when creating and applying techniques and technologies in the
future.

The possible limitations of this pilot research are that the research was done
only at the level of two countries, from the same region, so we think that the
research should be extended to all the countries that are mentioned in this paper,
which possess the technical and the technological culture. Therefore, the number
of respondents should be increased in order to obtain more data.

What would be important for further research is to connect with the uni-
versities from all over the world, who have devoted the attention to the education
of future engineers of technical and technological sciences, as well as to the pro-
motion of technical and technological culture among scientists, experts, eng-
ineers and the general public, and the legal regulation of technical and techno-
logical culture.
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U3BOJI
XEMHUJCKO UHXEBEPCTBO ¥ TEXHUYKO-TEXHOJIOIIKOJ KYJITYPU

JbYBULIA TTIOTIOBUR', HEMAHA CPEMYEB!, DAMIR PURKOVIC? n UJIIMJA ROCHUR!
"Qaxynmem wexnuuxux nayka Hosu Cag, Yrnueepsuiueir y Hogom Cagy, Tpi locuinieja Odpagosuha 6,

21000 Hosu Cag u *University of Rijeka, Department of Polytechnics, Sveucilisna avenija 4,
51000 Rijeka, Croatia

CaBpeMeHe TEXHOJIOTHje KOHTHUHYUPaHO MEHajy YOBEeKa U HEroB OJHOC Ca OKO-
nuHoM. OHe Mory MHOro noctuhu y od1acTu XeMHjCKOT HHXEHBEPCTBA, YUME C€ NM0DOTb-
mwaBa ¥ yHanpehyje KBaJuTeT Jby[CKOT KUBOTA, alM ca APyre CTpaHe, TEXHOIOIHje Ce
MOTYy KODUCTHTH M 33 YHUIITABaWe /bYICKUX ’KUBOTA. TeXHHUKO-TEXHOJOLIKA KYITypa
(y mamem Texcty TTK) je cBeykynHOCT IpyIITBEHUX HOCTUTHyha y odnacTu TeXHUYKO
TEXHOJIOUWIKMX HayKa M BHUXOBE NPHUMEHE, Kao W CBa 3Hama U BEIUTHHE NoTpedHe 3a
pasymeBamwe focTUrayha, BUX0BO NpaBWIHO kopuithewe, npeHoc Ha Miaahe renepaunuje
U CTBapame HOBUX BPEJHOCTH Yy 0BOj odmacTu. Y oBOM papy he dUTH npencTaBbeHO
NUIOT UCTpPakKMBame CIPOBENEHO y LW/bY UCIUTHBama CTaBOBA U YBEPEHA HHXKEHEpPa
teXHOJOWKUX (XeMHjCKO HMH)XKEHWEPCTBO) U teXHUYKUX (aKyaTeTa y HOINENy pasBoja
TTK u yrBphuBama couuo-gemorpadckux dakTopa KOju MOTYy UMATH yTHIAja Ha HeH
pa3Boj. UcTpaxusamwe je crposeseHo y Cpbuju u Xparckoj. Pesynratu ykasyjy na cy
BaxHU acnekTd TTK: pasBoj cBeCTH O OAPKUBOM pasBojy, yTUIIAj HA 3aIUTUTYy KUBOTHE
cpenuHe, UTH. UCIUTaHULM CYy NIPENO3HaIN eTUUKe M3a30Be ca KOjUMa Ce JaHac cyoda-
Bamo, notpedy 3a ysohewme TTK y campxaj obpasoBama MIagux MHKEHEpa U MIPOMO-
uujy TTK y MegujuMa ¥ CTPy4HO] jaBHOCTH.

(ITpumibeHo 9. neuembpa, pesuaupano 19. nenemdpa 2023, npuxsaheHo 22. janyapa 2024)
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