Challenges of STEM popularization in primary education 
Abstract 

This paper is prepared and based on research made in preparation the project Intelligent STEMland, which was applied on financing on Open call for proposal Strengthening STEM skills in primary schools and development of regional science centres for STEM education in primary schools. Obviously, human population currently live in period, when is future, from the technical, technological, sociological, economical way, unpredictable more than ever, so the education in STEM area or for STEM occupations is very often mentioned as a crucial for getting a better place on the labour market. How to make STEM area more attractive for pupils or students seems like very simple issue, especially with new technology tools, such as tablets, robots etc., but in the praxis, it is demanding issue, both for pupils and for teachers. Developing such a project, which should change and transform the level of interest for STEM skills and STEM education in one region is also very challenging and very demanding, and in this paper will be presented some of the mayor findings. The research made in this project, which contains contacts, group interviews and survey with 20 different stakeholders (institutions) in Eastern Slavonia and Iceland is a good potential and good reason for some further and future research. 
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1 Introduction  
As many other widel used therms, STEM has different definitions and various meanings. In this part of paper will be said more about definition of STEM.
In the 1990s, the National Science Foundation (NSF) began using “SMET” as shorthand for “science, mathematics, engineering, and technology.” When an NSF program officer complained that “SMET” sounded too much like “smut,” the “STEM” acronym was born. As recently as 2003, relatively few knew what it meant. Many that year asked if the STEM Education graduate program I was beginning to envision had something to do with stem cell research. That was still very much the case in Fall 2005, when we—the Technology Education Program faculty at Virginia Tech—launched our STEM Education graduate program. 1 But when Americans learned the world was flat (Friedman, 2005), they quickly grew to believe China and India were on course to bypass America in the global economy by outSTEMming us. Funding began to flow toward all things STEM, and STEMmania set in. Now, nearly everyone seems somewhat familiar with the STEM acronym [1].
The International Technology and Engineering Educators Association (ITEEA) defines STEM as a new transdisciplinary subject in schools that integrates the disciplines of science, technology, engineering, and mathematics into a single course of study (Dugger, 2010).* There are three major problems with this definition: There is no consensus in support of the ITEEA definition of STEM education. There exists the conceptual conundrum of converting four major academic disciplines, each divisible into major subdivisions, into a single school course. And, activity-based learning has been omitted from the definition. Activity-based learning is the signature characteristic of technology and engineering education. While there does exist a national movement in support of the idea of STEM education, the failure to agree on what STEM is, why STEM is important, and how to implement STEM, means that since the emergence of STEM as an education concept approximately fifteen years ago, too few students are graduating from STEM programs in order to meet the demands of U.S. employers (Rothwell, 2014). The purpose of this article is to propose changes to the ITEEA definition of STEM; to include emphasis on learning activities, eliminate the conundrum of turning four subjects into one, and provide the basis for consensus among stake holders, by answering the question “Why STEM?” Is there something unique about STEM? Why not add art; forming the acronym STEAM? There is definitely a connection between artistic ability and engineering design (Sousa & Pilecki, 2013). Why not add “R” too, for reading, to form STREAM? Reading is obviously essential to learning in the STEM disciplines. Therefore, the need to improve reading skills is critical (Sege, 2012). Then there is social studies/history to consider (Weyman, 2015). Design engineers take the prevailing culture into account when designing any public structure. So adding an ‘S’ for social studies, results in STREAMS. If we keep this process up, we will soon have a traditional academic curriculum, and some argue that it is what schools should stick with (Zakaria, F. 2015). [2].

Also, term STEM is very widely used, but nobody could be sure, does people know what to do and how to use product of education in STEM.  

Revolutions in information technologies and biotechnology will give us power over the inner world and enable us us to construct and produce living beings. We will learn how to construct the brain, prolong life, and kill thoughts at will. Nobody knows what the consequences will be. It's for people it has always been much better to invent new tools than to use them wisely. [3]. Furthermore, errors in forecasts are inevitable because the world itself is unpredictable. [4].
2 some figures about STEM   
STEM education and teachers/pupils/student who are participated in, are very often object of different surveys and interpretations. All of them have something in common, that they perceive STEM education as something good and something that could improve position of pupil/student on labour market. Below will be present some figures, mainly as indicator of education/economy system of United states of America, and after that there will be said more about European figures in STEM. 

1. STEM jobs are projected to grow 8.8%.

Between 2017 and 2029, the number of STEM jobs will grow 8 percent, a higher rate than non-STEM jobs—with positions in computing, engineering, and advanced manufacturing leading the way.

2. Specifically, software development employment is projected to grow 22%.

Regarding the job outlook from 2019-2029, employment in software development is projected for 22% growth. (Via the US Bureau of Labor Statistics)   

3. Employment in STEM occupations has grown 79% since 1990.

Overall, since 1990, employment in STEM occupations has grown 79%—increasing from 9.7 million to 17.3 million. (Via a 2018 article from Pew Research Center)

4. The average median hourly wage for STEM jobs is $38.85.

Compared to the median earnings for all other types of jobs in the US - $19.30 - STEM-related jobs pay exceptionally well. (Via the Education Commission of the States)

5. The median annual wage of STEM occupations in 2020 was $$89,780.

This is well over double of that of non-STEM occupations, where the median annual wage came in at $$40,020. (Via the Bureau of Labor Statistics)

6. The US placed 30th of 64 countries in math, and 11th in science.

This is according to the Programme for International Student Assessment (PISA)—which is regarded as one of the biggest cross-national tests of its kind. (Via US World News Report)

7. Only 20% of US high school graduates are prepared for college-level coursework in STEM majors. 

According to a White House report, 20% of high school grads are ready for the rigors of STEM majors. In fact, over the past 15 years, this report also found that the US has only produced 10% of the world's science and engineering grads. (Via American Affairs). 

8. 74% of middle school girls express an interest in engineering, science, and math...

But only 0.4% choose computer science as a major when they get to college. (Reported by girlswhocode.org and mentioned by the National Girls Collaborative Project)

9. 2 out of 3 US women say they were not encouraged to pursue a career in STEM.

In the 2019 STEM survey by Emerson, it was stated that 2 of 3 US women said they weren't encouraged to pursue a STEM career. (From Emerson.com)

Read More: The Benefits of Encouragement

10. Women make up only about 18% of computer science undergrads.

The Bureau of Labor Statistics projects that by 2026, computer science research jobs will grow 19%. However, only 18% of computer science bachelor's degrees in the US are earned by women (Via computerscience.org)

11. As of 2019, women comprise just 27% of the STEM workforce. 

This is despite making up 50 percent of the total college-educated workforce. Translation? A shockingly low percentage of women are pursuing careers in these fields. (Via census.gov)

12. 63% of middle school girls who know women in STEM feel powerful doing STEM.

In comparison, 46% of middle school girls who don't personally know women in STEM feel powerful doing STEM. Similarly, 73% of those girls who personally know women in STEM understand the relevancy of STEM, and 72% know how to pursue a STEM career. This is compared to 51% and 47% of those who don't personally know women in STEM, respectively. (Via Microsoft and a study done in partnership with KRC research)

13. Moms who communicate on STEM leads to girls being +20 points more interested in pursuing their studies.

From the same study above, "Having an encouraging mom who communicates about STEM is associated with girls being an average +20 points more interested in all STEM subjects compared to those girls who do not." Having an encouraging teacher is associated with +21 points; having an encouraging dad is associated with +17 points. 

14. 40% of black students switch out of STEM majors before earning a degree.

This is according to a study published in the journal, Education Researcher, and highlighted by the Education Advisory Board. There is a lot of work to be done in addressing this trend, and promoting diversity in STEM starts at the university and K-12 level.

15. Black workers make up 11% of the US workforce, but represent 9% of STEM workers.

This is in addition to Latino STEM workers, who make up 16% of the workforce, but only 7% of all STEM workers. And, of those employed adults who hold a bachelor’s degree or higher, 7% are black workers and 6% are Hispanic workers of the STEM workforce." Plus, recent headlines have exposed Silicon Valley's diversity problem  and how much work there is still to do to improve equity in tech. (Stats via Pew Research Center)

16. The Department of Education  recently invested $540 million in STEM education. 

The White House "Charting a Course for Success Report" identified a need to bolster support for STEM education at both the K-12 and collegiate level. These funds include efforts to recruit and train quality STEM teachers, increase diverse representation, and provide curriculum and materials for schools. (Via The Department of Education). 

17. The US Bureau of Labor predicts 15% growth across healthcare professions by 2029. 

STEM infuses virtually all aspects of the healthcare industry. By encouraging kids to pursue STEM, they’ll be prepared to find an exciting career within a wide range of options and increasing demand. (Via Bureau of Labor Statistics)
18. Fewer than half of the schools in the US offer computer science classes. 

That's right—according to a 2020 study sponsored by Code.org, fewer than half of US schools offer computer science curriculum. That begs the question: are kids going to be ready to meet the evolving, growing landscape of STEM professions. (Via ESchool News) [5].
Table 1 shows some figures in EU in 2019, taking into consideration 5 levels of education. 
Table 1 Graduates in tertiary education, in science, math., computing, engineering, manufacturing, construction, by sex - per 1000 of population aged 20-29 in 2019 [6]).


	
	Tertiary education (levels 5-8)
	Short-cycle tertiary education
	Bachelor's or equivalent level
	Master's or equivalent level
	Doctoral or equivalent level

	European Union - 27 countries (from 2020)
	20,8
	2,4
	10,2
	7,3
	0,8

	European Union - 28 countries (2013-2020)
	21,5
	2,5
	10,9
	7,2
	1,0

	Belgium
	14,2
	0,0
	7,6
	5,6
	1,0

	Bulgaria
	14,0
	:
	8,4
	5,2
	0,4

	Czechia
	16,1
	0,0
	8,0
	7,1
	1,0

	Denmark
	23,7
	2,8
	11,0
	8,8
	1,1

	Germany (until 1990 former territory of the FRG)
	24,4
	0,2
	14,9
	8,0
	1,3

	Estonia
	16,5
	:
	8,8
	6,9
	0,9

	Ireland
	36,9
	5,0
	21,7
	9,2
	1,1

	Greece
	17,2
	:
	12,2
	4,5
	0,6

	Spain
	20,9
	7,5
	7,8
	4,8
	0,8

	France
	27,5
	8,1
	7,6
	11,0
	1,0

	Croatia
	19,8
	0,1
	11,3
	8,0
	0,5

	Italy
	16,4
	0,3
	8,3
	7,1
	0,7

	Cyprus
	10,2
	1,7
	4,9
	3,2
	0,4

	Latvia
	14,0
	2,9
	7,6
	3,2
	0,3

	Lithuania
	19,8
	:
	15,1
	4,2
	0,5

	Luxembourg
	3,9
	0,5
	1,3
	1,2
	0,9

	Hungary
	12,3
	0,2
	8,2
	3,5
	0,3

	Malta
	11,0
	0,6
	7,7
	2,6
	0,2

	Netherlands
	13,6
	0,1
	7,9
	4,8
	0,8

	Austria
	23,4
	8,7
	7,7
	6,1
	0,9

	Poland
	20,1
	0
	12,4
	7,4
	0,3

	Portugal
	20,9
	1,4
	10,9
	7,8
	0,8

	Romania
	17,5
	:
	11,4
	5,8
	0,3

	Slovenia
	20,8
	3,7
	10,6
	5,5
	0,9

	Slovakia
	12,9
	0,1
	5,9
	6,2
	0,8

	Finland
	24,8
	:
	15,6
	8,2
	1,1

	Sweden
	15,8
	2,7
	4,8
	7,1
	1,3

	Iceland
	15,9
	0,1
	11,7
	3,6
	0,6

	Liechtenstein
	9,0
	:
	3,7
	4,8
	0,4

	Norway
	16,5
	2,4
	7,2
	6,0
	0,9

	Switzerland
	22,0
	0,0
	14,0
	6,0
	2,0

	United Kingdom
	26,2
	3,0
	14,6
	6,9
	1,7

	North Macedonia
	8,4
	:
	6,6
	1,7
	0,1

	Serbia
	16,0
	:
	11,1
	4,4
	0,5

	Turkey
	12,8
	3,9
	7,1
	1,5
	0,2




As it is shown in Table 1, there are huge variations in figures from country to country. Some of the countries have significant results, as a result of reform of their education system e.g. Ireland. 
3 Intelligent STEMland project 
The project Intelligent STEMland is applied on the Call for proposals (hereafter referred to as “Call”) outlines the general provisions for the award of grant within the Programme “Local Development and Poverty Reduction” financed by the European Economic Area (EEA) Financial Mechanism 2014-2021 (hereafter referred to as: EEA Grants) in the Republic of Croatia. This Call is in accordance with the Programme Agreement “Local Development and Poverty Reduction“ and the EEA Regulation for the period 2014 - 2021, in particular with the Article 7.3 of this Regulation, as well in accordance with the national strategic and legislative framework related to the programme and sectoral competences.

The Focus of this Call is to improve Croatian primary education capacity in STEM teaching and ultimately enhancing the STEM skills of teachers and other educational staff and pupils in primary schools. STEM education, in terms of an integrated and applied approach to the teaching of pupils with a focus on science, technology, engineering and mathematics, has the goal of preparing pupils for successful continuation of their secondary education, for their future successful careers and to meet the challenges of the complex and technologically advanced modern society. To ensure the quality of STEM education in primary schools, primary schools will get the opportunity to ensure the infrastructure requirements and acquiring equipment needed for establishing modern STEM classrooms, simultaneously investing in their capacity buildings (developing skills of teachers) and designing and implementing new STEM activities for pupils relying on their enhanced capacities [7].
The EEA and Norway Grants are funded by Iceland, Liechtenstein and Norway (Donor States) by signing an agreement on 28th July 2010 between the Donor States and the European Commission about the allocation of the financial assistance for the implementation of Grants in the new period 2014-2021. 

Grants have two main goals:

1. Contributing to an equal Europe, both socially and economically;

2. To strengthen the relations between Iceland, Liechtenstein and Norway, and the 15 beneficiary countries in Europe – Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, Greece, Hungary, Latvia, Lithuania, Malta, Poland, Portugal, Romania, Slovakia, Slovenia. [8].
The overall objectives of the EEA Financial Mechanism 2014-2021 are to contribute to the reduction of economic and social disparities in the European Economic Area and to strengthen bilateral relations between the Donor States and the Beneficiary States through financial contributions in the priority sectors listed in paragraph 1 of Article 2.1. [9].
The project Intelligent STEMland aims to raise the quality of primary education primarily in the Požega-Slavonia County and Osijek-Baranja, Vukovar and Virovitica-Podravina counties. By improving the infrastructure of schools, renovation of classrooms with STEM equipment, developing the skills of teachers and the implementation of new STEM activities for students it leads to the establishment of the Regional scientific center. Science will be promoted in a modern and innovative way that will encourage teachers and students to take a new approach to learning. The aim of the project is to continue investing in modern technology and artificial intelligence with the purpose of bringing modern technology closer to both younger generations and the general public. In the next chapter will be said more about main findings of the research. 
4 Research and result 
The research made in this project, which contains contacts, group interviews and survey with 20 different stakeholders (institutions) is a good potential and good reason for some further and future research. Among 20 subjects, were 17 from Croatia (15 schools, 1 local development agency, 1 employment office) and 3 from Iceland (1 educational institution, 1 travel agency, and 1 local public institution). This research was made by group interview technic, and by online survey. Main findings we can extract in 3 groups, and they are taken into consideration in this project: 
Partnership: There in nominally will for being a partner, but most of the potential partners perceive project as an opportunity to get some material stuff, rather than get some new knowledge or experience. This was not aim of the project and the whole programme. But this is maybe result of situation that some schools in Croatia still don’t have all the equipment that they need. On the other side, we have phenomenon that some schools have some (for them) complex equipment, that they don’t know how to use properly. So new equipment has to be followed by practical education. 
Communication plan: This project needs complex communication plan, which is requested from donator, but the project holder and partners perceive it as a something they must do. This is issue which is happening in the most of the projects, doesn’t matter whether they are financed by European Union, Word Bank or EEA fund, and it have to be obeyed, because, those who are giving money have some rules that have to be followed. 
Cost-benefit analysis: In this kind of project is completely irrelevant and there is no need for that, because, it’s very hard and its completely impossible to make some realistic prognose of public benefit?!   To monetise future effect of today’s education in STEM area, and to calculate what is opportunity cost (because some pupil didn’t study e.g. economy or law) is very hard. Cost benefit analysis, or in this case whole Feasibility study, will result in fact that applicants will send FS only to fulfil the form. It won’t be worth documents, its only pro forma, and after all it is nothing but waste of resources. 
5 Conclusion 
There is always (declarative) idea and (declarative) will in schools participate in projects, especially in those which nominally have to improve school material standards and non-material. Declarative in brackets, because some stakeholders like to participate, only not to be out, also don’t want that something is happening without them. Term STEM, and STEM in education is very popular, and most of predictions tell us that those who will be better in some STEM area, has better chances to get a better job, position on labour market etc. Main problem is, not only in local schools which were participants in this research, but at the other subjects and individuals, that they can’t imagine what will be real role of STEM education. Nobody knows what is waiting us, and especially those who are in primary school, because up to time when they come to labour market, there is 10 or more years.  So related to STEM education, we all know, for now, where we have to go, but we don’t know where it will bring us. Its deep political, economic, technologic, sociologic, and even philosophic issue, because, nobody knows how important people will be on the labour market or whether someone need their (STEM) abilities and skills or not? Is the place of human with STEM skills secured in the word with running digitalisation and 4.0 industry? 
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