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Abstract: The 2018 Pisa (Programme for International Student Assessment) test results, 

which were announced in December 3, 2019 (Sleicher, 2019), showed no progress in the EU 

students‟ performance in Mathematics and Science (European Commission, 2019). From 

2000 to 2015, the advancement of STEM (Science, Technology, Engineering and Mathemat-

ics) Education has not been very encouraging. In the 2018 Pisa test, the situation remained 

static despite the EUN‟s (European Schoolnet‟s) ongoing activity during the last few years in 

Europe (Billon et al. 2019). The continued enlargement of the European Union, the different 

national curricula of the EU member states and the increase of the immigrant and refugee 

flows have contributed to the recorded stagnation. STEM education, involving an integrated 

approach to teaching Sciences in conjunction with an Enquiry-Based approach to learning, is 

directed at developing students‟ problem-framing and problem solving skills as well as their 

ability to contextualize scientific concepts in real-life situations. The object of this article is to 

monitor the progress of STEM Education from 2000 to 2018 and to assess the way that the 

increase of EU student interest in STEM subjects is measured by taking into account the un-

derachievement of fifteen-year-old students in Mathematics and Science (Titin-Snaider et al., 

2018) as well as the achievement of the SDG4 (Sustainable Development Goal 4) goal for 

quality education and sustainable development (Unterhalter, 2019). 
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Introduction  

In the USA, from 1990 to the present, the STEM sector has grown attracting even more new 

scientists to join the STEM work force at a much higher rate and with higher salaries (US De-

partment of Labor, 2019). In China, the percentage of young people studying in STEM-

related academic departments has quadrupled between 2000 and 2012 (National Science 

Foundation, 2018). 

In contrast, in the EU-27, more than half of the countries had a lower-than-average score in 

the PISA (Programme for International Student Assessment) test, Science and Mathematics 

(OECD, 2009). Figures show that, in developed countries, students, aged 13-15, have a de-

mailto:grungos@gmail.com
https://www.oecd.org/pisa/PISA%202018%20Insights%20and%20Interpretations%20FINAL%20PDF.pdf
https://ec.europa.eu/education/sites/education/files/document-library-docs/pisa-2018-eu_1.pdf
http://files.eun.org/scientix/scx3/publications/Scientix3_Final_Publication_web.pdf
http://www.scientix.eu/documents/10137/782005/Scientix_Texas-Instruments_STEM-policies-October-2018.pdf/d56db8e4-cef1-4480-a420-1107bae513d5
http://www.scientix.eu/documents/10137/782005/Scientix_Texas-Instruments_STEM-policies-October-2018.pdf/d56db8e4-cef1-4480-a420-1107bae513d5
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1758-5899.12591
https://www.bls.gov/emp/tables/stem-employment.htm
https://www.bls.gov/emp/tables/stem-employment.htm
https://www.nsf.gov/statistics/2018/nsb20181/digest/sections/u-s-and-global-stem-education
https://www.nsf.gov/statistics/2018/nsb20181/digest/sections/u-s-and-global-stem-education
https://www.oecd.org/education/skills-beyond-school/43636332.pdf
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creased interest in science, technology, engineering, and math lessons and that they do not 

think seriously about pursuing a relevant career.   

The Rocard report on science teaching argues that good practices are bound to act as prere-

quisites for a dramatic change in the interest of young people. In fact, it would be a good idea 

if education, industry and politics joined forces to create professional experts who will be able 

to respond to future work needs in STEM training by filling key positions (Rocard, 2007).  

What can be derived from the above, countries outside the European Union with robust eco-

nomic growth, like China and the USA, will be able to cover their workplace needs in STEM 

employees and proceed smoothly. In the EU, the situation is slightly different because young 

people and especially young female must be convinced to get more involved in Science and 

Mathematics if they are to fill emergent job positions in the STEM sector. 

This article will attempt to set out the situation from 2000 to 2018 according to the OECD 

(Organization for Economic Co-operation and Development) publications and to elucidate the 

reasons why there is nο significant progress being made in STEM Education even in devel-

oped countries.  

Although EU invests in education and especially in the STEM sector, there is no tangible 

progress since the EU is in a constant state of expansion through the simultaneous 

incorporation of refugees and immigrants (OECD, 2015). What must be made clear is that 

current progress in STEM Education should be recorded in a different way so that it may be 

disconnected from the indicator of the 15-year-old underachievement in Mathematics and 

Science of the Pisa test. The above low performance indicator is associated with the indicator 

of achievement of the SDG4 goal for quality education in all EU countries until 2030. 

A major factor affecting the students‟ performance in the Pisa test as regards Science and Ma-

thematics is the different way of teaching STEM subjects adopted by the different educational 

systems of the member states because of the significant differences and directives contained 

in their national curricula. The most predominant practices affect the students‟ performance. 

The evaluation of the statistical results developed by the OECD indicates that there is delay in 

the decrease of the percentage of 15-year-old underachievers in Mathematics and Science. 

More specifically, although the goal is 15%, the 2015 results show that 22,2% of European 

students in Mathematics and 20,6 students in Science were not admitted to the third level of 

the Pisa test (Parveva et al 2018). Nonetheless, this does not entail that there is no improve-

ment in education in the corresponding sector. The newcomer Romania has a percentage of 

39,9%, crisis-hit Greece a percentage of 35,5%, EU-28 an average percentage of 22,2% and 

the U.S.A. a percentage of 29,4% (Eurostat, 2019). Therefore, the focal issue should not be 

the underachievement of 15-year-old students but good performance standards which will 

lead the way to STEM-related jobs. 

So, wherein lies the question as far as STEM education is concerned? If taken for granted that 

not much progress has been made thus far, what remains to be done? A painstaking research 

https://ec.europa.eu/research/science-society/document_library/pdf_06/report-rocard-on-science-education_en.pdf
https://www.oecd-ilibrary.org/docserver/9789264285521-en.pdf?expires=1578382615&id=id&accname=guest&checksum=67F44EB04EFF86D6876BED9DAFF12EE3
https://eacea.ec.europa.eu/national-policies/eurydice/sites/eurydice/files/structural_indicators_2018.pdf
https://ec.europa.eu/eurostat/databrowser/view/sdg_04_40/default/table?lang=en
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and analysis of the data about education will give us access to the bigger picture about the 

progress achieved in the last few years so that Europe can take the next step. In the European 

Union, it is believed that networking (Scimeca et al, 2009), mobility (European commission, 

2018) and collaboration between competent authorities (Titin-Snaider et al, 2018) can yield 

positive results on educational matters which will, in turn, lead to economic development and 

social cohesion. Despite any difficulties that may arise, there is one goal we should never lose 

sight of and that is Sustainable Development. 

1. Body 

1.1 Method 

This article is based on the most recent statistical studies carried out in the countries of the 

European Union in recent years aiming at the review of the situation regarding Science and 

Mathematics teaching. The four main organizations involved in the above issue are the Euro-

pean Commission, the OECD, the EUN and Eurostat. Individual statistical studies have been 

used from other organizations as well.  

To begin with, there is a detailed account of the trajectory of progress in EU countries with 

different national curricula in education and a different approach to Mathematics and Science 

teaching problems. Subsequently, there is a presentation of the general picture espoused in the 

EU-28 with an emphasis on the fact that the goals for quality education and sustainable de-

velopment are still at arm‟s length. Finally, after the presentation of the EUN‟s activity on 

STEM Education follows a commentary on the way progress in STEM Education is recorded 

and on the extent to which the aforementioned way constitutes a failsafe indicator leading to 

the following steps to be taken. 

The outcome of this study will bring to the fore that the activity developed in the EU on the 

progress of STEM Education must be continued and systematized for individual member 

states via the creation of a prioritization framework in relation to the wanting sectors so that 

each country can do things at its own pace towards securing the sustainability of Mathematics 

and Science instruction.  

1.2 Results & Analysis 

1.2.1 Pisa test  

In December 3, 2019, the 2018 Pisa test results announced by OECD did not show significant 

differences for the countries of the EU-28. The SD4 goal of the EU for quality education was 

not achieved since the percentage of the fifteen-year-old students who were not admitted to 

the third level of the Pisa test exceeded the 15%. Despite fluctuations in the countries‟ percen-

tages, there is stagnation in Mathematics and Science. 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1465-3435.2009.01407.x
https://op.europa.eu/en/publication-detail/-/publication/4e5c3e1c-1f0b-11e9-8d04-01aa75ed71a1/language-en/format-PDF/source-search
https://op.europa.eu/en/publication-detail/-/publication/4e5c3e1c-1f0b-11e9-8d04-01aa75ed71a1/language-en/format-PDF/source-search
http://www.scientix.eu/documents/10137/782005/Scientix_Texas-Instruments_STEM-policies-October-2018.pdf/d56db8e4-cef1-4480-a420-1107bae513d5
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Table 1. Underachievement in Science & Mathematics percentage (%) 2009 – 2018 

Time 2009 2012 2015 2018 

Field Maths Science Maths Science  Maths Science Maths Science 

Geo         

EU 28     22,2 20,6 22,4 21,6 

EU 27 22,3 17,7 22,1 16,6     

Estonia, Poland, Ireland and Finland have attained the goal while Denmark is close to its at-

tainment. In the remaining countries, from 2009 to 2018, the indicator for Mathematics and 

Science has declined slightly compared to Romania, Bulgaria, Cyprus, Greece, Croatia and 

Malta (OECD, 2019). These countries are recent newcomers to the EU, hence their need of a 

period of adjustment to the European legislation, or they are countries in the process of exit-

ing the economic crisis.  

An influencing factor determining the students‟ performance in the Pisa test are the immigrant 

and refugee flows. There is a large performance gap in the percentage of the 15-year-old un-

derachievers between those who are national residents and those who have an immigrant 

background even in countries with good performance standards in the Pisa test. (European 

Commission, 2018). 

Table 2. Low performers in reading among students with immigrant background % 

Country % 

Albania 87,6 

North Macedonia 65,5 

Bosnia and H 62,5 

Bulgaria 61,9 

Slovakia 51,4 

Greece 48,3 

Netherlands 43,5 

Montenegro 40,2 

Finland  39,9 

Austria 39,9 

Sweden 37,9 

Additionally, the countries which are expected to enter the enlarged EU do not have good 

percentages in the aforementioned indicators; thence, they will cause low student performance 

in Mathematics and Science to increase. Albania, Northern Macedonia, Serbia, Montenegro 

https://www.oecd.org/pisa/publications/pisa-2018-snapshots.htm
https://ec.europa.eu/education/sites/education/files/document-library-docs/pisa-2018-eu_1.pdf
https://ec.europa.eu/education/sites/education/files/document-library-docs/pisa-2018-eu_1.pdf
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and Bosnia share low percentages in Reading, Mathematics and Science, so the situation will 

get worse. 

Table 3. Students performance in reading PISA test 2018 

Country Mean score 

Albania 405 

Bosnia and H 403 

Montenegro 421 

North Macedonia 393 

Serbia 439 

To sum up, from 2009 to 2018 student achievement in Mathematics and Science is stagnant 

except for the case of the indicator of Science in 2012 which approached the goal of the 15%. 

 

Figure 1. Underachievement in Science & Mathematics percentage (%) 2009 - 2018 

1.2.2 The European Commission 

According to the Eurydice observatory since 2009, the European Council approved the in-

crease of the engagement with basic skills with a view to reducing the percentage of fifteen-

year-old underachievers in Reading, Mathematics and Science to less than 15% until 2020. 

Nevertheless, the non-satisfying performance in the Pisa test keeps on posing a serious chal-

lenge to the entire Europe (Parveva et al, 2018). 

In the EU, the promotion of education is of vital importance. Quality education does not only 

account for the economic development, social cohesion, research and innovation but also 

leads to a dramatic change of the citizens‟ prospects for personal development (European 

Commission, 2019). The European Commission, by insisting on the promotion of the science-

oriented STEM culture in order to carry on with the activity which had been highlighted in 

the previous decade (Gago, 2005), launched the “New Skills Agenda for Europe”. This com-

pilation of ten actions is addressed to the 70 million Europeans who are deficient in basic 

reading skills, numeracy and digital competencies as well as to the 12 million unemployed. 

(European Commission, 2016). 
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https://eacea.ec.europa.eu/national-policies/eurydice/sites/eurydice/files/structural_indicators_2018.pdf
https://ec.europa.eu/education/education-in-the-eu/about-education-and-training-in-the-eu_en
https://ec.europa.eu/education/education-in-the-eu/about-education-and-training-in-the-eu_en
https://www.academia.edu/5825755/Europe_needs_more_scientists_Increasing_Human_Resources_for_Science_and_Technology_in_Europe
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52016DC0381&from=EN
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Via the support of the European Commission, Denmark has made a significant effort to guide 

students and parents with the help of the project called „STEM - the way to business compe-

tence and employment‟. The collaboration among educational bodies, i.e. vocational schools, 

is aimed at motivating students to select STEM Education for future study or career. It is 

possible even for adults to participate in the project in order to further improve their skills, be 

gainfully employed and/or develop professionally (European Commission, 2019). 

In this way, the European Commission is an active participant in the in-depth evaluation and 

analysis of the statistical results concerning general education focusing on STEM Education 

on an equal basis. In the 2018 Education and Training Monitor (European Commission, 

2018), it is pointed out that the ways of teaching STEM subjects have an effect on the SDG4 

indicator and the development of STEM Education. 

Table 2. Teaching practices/strategies for science 

Science instruction Description 

Teacher-directed  

Well-structured and informative lessons that include teach-

ers‟ explanations of concepts, classroom debates and stu-

dents‟ questions 

Enquiry-based 

Science activities that lead students to study the natural 

world and to explain scientific ideas by engaging in expe-

rimentation and hands-on activities  

Adaptive 
Teacher‟ flexibility in adapting the lessons to students with 

different knowledge and abilities 

What is of particular interest in the following diagrams is the impact of the Science teaching 

techniques on the probability that a student will not pass the second level of the PISA test and 

will be characterized as underachiever. 

https://ec.europa.eu/education/sites/education/files/document-library-docs/et-monitor-report-2019-denmark_en.pdf
https://ec.europa.eu/education/sites/education/files/document-library-docs/volume-2-2019-education-and-training-monitor-country-analysis.pdf
https://ec.europa.eu/education/sites/education/files/document-library-docs/volume-2-2019-education-and-training-monitor-country-analysis.pdf
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Figure 2: Relations among the probability of being a low achiever in science, three types of teaching prac-

tices and hours of learning 

The directed and adaptive instruction in conjunction with the increase in teaching time gener-

ally reduces the probability that a student be characterized as underachiever while the En-

quiry-based instruction does not have the same results. When Enquiry-based instruction is 

used in small percentages, the probability under discussion is reduced, while in the case of 

large usage percentages it appears to cause problems for students with low performance im-

peding the goal achievement. 

While Enquiry-based instruction does not favour underachievers, it contributes to the devel-

opment of STEM Education which entails not only that its use by educators should be tar-

geted at the average student but also that a combination of techniques is more likely than not 

to produce better results for all students. 

The participation of Europeans in tertiary education proves that even countries with undera-

chievement in the PISA test have attained the EU goal by means of a satisfying student in-

crease from 2005 to 2018 (Eurostat, 2020). 43% of the 4,259 graduates of 2017 have been 

involved in STEM subjects like Mathematics and Science, ICT, Engineering, Agronomy and 

Health. In conclusion, almost half of the European graduates are involved in the STEM sector 

(Eurostat, 2019). 

1.2.3 EUN’s & other organizations’ activity 

At the end of 1996, subsequent to a presentation by the Swedish Minister of Education during 

a meeting of Education Officers coming from the Ministries of Education of EU countries, the 

Swedish Ministry of Education invited organizations that were interested in participating in a 

https://ec.europa.eu/eurostat/databrowser/view/tesem030/default/table?lang=en
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Number_of_tertiary_education_graduates_in_each_field_of_education,_2017_(thousands)_ET19.png
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European network to submit a proposal to the European Commission. That invitation signaled 

the official beginning of the EUN‟s activity. (Leask &Younie, 2001). 

EUN‟s Project Manager, Dr Agueda Graz, in her presentation in Warsaw, in September, 2014 

during the “STEM Educators Academy” conference (the first conference on STEM Education 

in EU) gave information about: eTwinning which is about linking schools, InGenious, later 

renamed into STEM Alliance, which is about developing STEM Education, and Scientix 

which is about promoting collaboration among educators, researchers, policy officers and 

other professionals. According to her, these are the three main courses of action planning 

through which STEM Education is developed in the EU. The EUN‟s activity as this is record-

ed in the last Scientix update (Billon et al. 2019) has had very good results as it is based on 

the three-fold objectives: networking, collaboration and mobility. 

EUN‟s immediate goals are to give educators access to the new educational projects, its pro-

vision of high level quality resources and to the reports and news about STEM Education as 

well as to encourage them to share good practices (Billon et al. 2019). 

2000 is not only the chronological point of reference when great effort was put into rekindling 

the students‟ and teachers‟ interest in Mathematics and Science with the support of EU (Hori-

zon 2020), but also the year which gave birth to a network of NCPs (National Contact Points) 

and Scientix ambassadors supported by the Ministries of Education of the 34 countries colla-

borating with the EUN. The Horizon 2020 Programme has invested around 80 billion euro for 

the 2014-2020 period to be spent on innovation and sustainable development (European 

Commission, 2013). 

The most important action in education is teacher training. The EUN gives priority to this ac-

tion by organizing a great number of training and professional development opportunities. 

Moodle courses, webinars, MOOCs, workshops, conferences and competitions are organized 

throughout Europe providing participants with thought-provoking experiences which aid them 

in altering their attitude towards the teaching of Mathematics and Science. 

The STEM Coalition (Asselbergs, 2019) network is considered a parallel to that of Scientix 

network which supports the coordination and the application of a national strategy for STEM 

Education and the job market, while the STEM Monitor Programme 

(DepartementOnderwijsenVorming, 2019), is an action plan conceived by the Flemish gov-

ernment in cooperation with the European Commission which monitors the STEM action in 

accordance with specific indicators. 

2. Discussion & Conclusions 

The PISA test constitute a one-dimensional recording of the present situation in world educa-

tion which, as it turns out, have been converted into a racing competition as to which country 

will finish first. China‟s first place this year owing to the rearrangement of the provinces from 

which participant students came from (Liu, 2018) as well as Turkey‟s impressive progress 

https://www.tandfonline.com/doi/pdf/10.1080/13664530100200140
https://www.etwinning.net/el/pub/index.htm
http://www.stemalliance.eu/home
http://scientix.eu/
http://files.eun.org/scientix/scx3/publications/Scientix3_Final_Publication_web.pdf
http://files.eun.org/scientix/scx3/publications/Scientix3_Final_Publication_web.pdf
https://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-eu-decl-fp_en.pdf
https://ec.europa.eu/research/participants/data/ref/h2020/legal_basis/fp/h2020-eu-decl-fp_en.pdf
https://www.scitecheuropa.eu/what-do-you-know-about-the-eu-stem-coalition/98715/
https://www.vlaanderen.be/publicaties/stem-monitor-2019
https://www.tandfonline.com/doi/full/10.1080/03054985.2018.1518832#aHR0cHM6Ly93d3cudGFuZGZvbmxpbmUuY29tL2RvaS9wZGYvMTAuMTA4MC8wMzA1NDk4NS4yMDE4LjE1MTg4MzI/bmVlZEFjY2Vzcz10cnVlQEBAMA==
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(OECD, 2019) make us puzzle over the experimentation with the sample and the possibility 

of a concealed in a simple test for students expediency. What is more, research is scarce on 

the efficacy, adequacy and general value of a PISA test (Zhao, 2019).  Besides, the research in 

education should not focus solely on the indicators for Reading, Mathematics and Science, 

but also on the social skills developed in the school unit. 

It has been proved that not only does the standard and extensive classroom-based application 

of Enquiry-based learning not improve underachievement, but may turn out to be a contribut-

ing factor to its consolidation. For this reason, there should be no causal correlation between 

the underachievement of fifteen-year-old students in Mathematics and Science and the devel-

opment of STEM Education. 

Every EU country is in the process of establishing an individual action plan which will facili-

tate young people‟s route to Mathematics and Science within the broader commitment 

framework towards the European Commission. The role of the European Commission is to 

show the way while the role of the involved parties is to follow in their own way. In this re-

spect, the EUN‟s and other organizations‟ activity is pertinent to the established standards and 

has very good results. What should be taken into serious consideration is that the EU en-

largement complicates things further, mainly because the Balkan and Eastern European coun-

tries have a long way to go. 

The situation in the job market related to STEM shows that the employment rate of STEM-

skilled manpower is on the rise, despite the economic crisis, and is expected to keep on rising 

because of the growing demand. At the same time, a large number of STEM professionals are 

approaching retirement age. Around 7 million job openings are expected until 2025. The de-

mand for STEM skills requires specialized training in both secondary and tertiary education 

(European Parliament, 2015). 

The immigrant and refugee flows will continue. The young people coming from developing 

countries migrate with a view to looking for a better future in developed countries. Although 

nations invest a lot of money in youth training, young people move abroad for work instead of 

staying behind to fulfill the norm of reciprocity. Immigrants and refugees from all over the 

world enter Europe either legally or illegally. Europe is the epicenter of political develop-

ments with border conflicts taking place close by and with the relationship of EU member 

states remaining economic instead of entering the process of European integration. 

The educational institutions should abide by the principles of democracy, equality and social 

integration whilst maintaining their independent character. A higher participation of pre-

schoolers is another important aim. What holds true in respect of education is that changes 

take effect only gradually because involved parties have difficulty becoming aware of the 

road to be taken from the outset. The question to be posed at this point is whether it is ethical 

to direct students‟ attention towards Mathematics and Science by deviating it at the same time 

from Humanities and Social Sciences which are considered to promote and preserve culture. 

https://www.oecd.org/pisa/publications/PISA2018_CN_TUR.pdf
https://nepc.colorado.edu/blog/pisa-illusion
https://www.europarl.europa.eu/RegData/etudes/STUD/2015/542199/IPOL_STU(2015)542199_EN.pdf
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