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Abstract: The STEM fields (Science, Technology, Engineering, Mathematics) have attracted the
interest of the scientific community and organisations such as the Organisation for Economic Co-
operation and Development (OECD), mainly because of the demand for professionals in these fields,
which is expected to increase. The cultivation of scientific skills and interest in these specific fields is
cultivated from the early school years, so the role of the school is important. Students' performance
in the Panhellenic examinations was chosen for analysis for two reasons. Firstly, because students
take these exams at the end of secondary education, which reflects the knowledge they have acquired
throughout their schooling. Secondly, because their participation in the Physics and Mathematics
exams is based on their own choice, we can assume that they have a special interest in these subjects.
The research, through its method of analysis, contributes to understanding the level of students'
knowledge and provides guidelines for its improvement.

Keywords: Greece National Exams; STEM Education in Greece; student performance; science;
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1. Introduction

The Panhellenic Examinations are the procedure by which students are admitted to the country's
public higher education institutions. When students enter high school, they are divided into pre-
selection groups. The selection is made by the students, according to their choice of direction,
different subjects are examined and then they have the possibility to choose between specific
departments of the universities. The choice of subjects, such as mathematics, physics, chemistry,
biology, programming, leads to a number of departments that are part of the STEM fields. It is
appropriate to examine the performance of students in these subjects because their choice is voluntary
and indicates their willingness to work in these disciplines. In addition, the students tested in these
subjects are the next generation of STEM professionals. Fields that are expected to be in high demand
in the labour market. In Australia, it has been predicted that by 2014, 75% of e-jobs will require some
STEM skills. At the same time, the increase in the number of people working in STEM disciplines is
expected to make a significant contribution to gross national product growth [1]. Today's students
are the ones who will be called upon to solve the problems of everyday life in the years to come, using
the 21st century skills that their education will provide. Their performance in national examinations
is the first step in a STEM career and it is therefore appropriate to study it. Through this analysis, the
students' interest in pursuing their respective disciplines can be determined. In conclusion, among
all students, a small percentage of students choose to take the exam in subjects such as physics,
chemistry, mathematics, while a larger percentage choose to take the exam in programming arts and
mathematics. This shows that scientific disciplines seem to be inaccessible to students. The choice of
subjects is made in upper secondary school, which means that students have already acquired a
negative attitude towards science in the first year. Therefore, in order to increase the number of
students enrolled in these courses, they need to acquire positive attitudes from previous years.
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The following research questions are addressed in this article:

1. At what level do Greek students' performances in Mathematics and Physics fluctuate in the
Panhellenic examinations from 2007 to 2024?

2. At what levels should corrective actions be taken in order to improve their performances?

3. How can students' motivation and interest in their engagement with these subjects be
strengthened?

2. Materials and Methods

In the present article, data on the performance of Greek students by subject were collected from
the website https://www.minedu.gov.gr/ , the official website of Ministry of Education, Religious

Affairs and Sport. The data on the number of students who answered correctly per subject in each
subject were provided following a request to the Ministry of Education, Religious Affairs and Sport
under number 105978/2023, which was approved. The limitation is that there is no data on the
number of hours studied and the marks obtained by each student. It should also be noted that the
subjects of the examinations are always in the same format and are divided into four subjects, since
the level of difficulty of the subjects varies from one academic year to another.

3. Results

3.1. Data from the National Exams in Greece

We will now proceed to a comparative presentation of statistical data on the students’ performances in
subjects from STEM fields on which they are tested at a national level. The analysis focuses on students from
day General High Schools, which the bulk of Greek students attend. The data collected concerns the school years
from 2007 to 2023. During that period the educational system and the national exam underwent some changes,
which will be briefly presented below.

From 2007 to 2014, General High School candidates at the panhellenic exam had to choose one of three
academic tracks, two of which relate to STEM fields. In detail :

. Academic track : Science
a. Mathematics

b.  Physics
c.  Chemistry
d. Biology

¢  Academic track : Technology
a. Mathematics
b.  Physics
c.  Computer Science Applications
d. Principles of Business and Services Organization and Administration
From 2015 to 2019 these tracks were re-baptized as “orientation groups”.
e  Orientation group : Science
a. Physics
b.  Chemistry
c.  One of the following elective subjects, depending on the scientific field chosen, which gives
access to different University schools :
i Mathematics
ii. Biology
iii. History
e  Orientation group : Economic and Computer Studies
a. Mathematics
b. Computer Science Applications
c.  One of the following elective subjects:
d. Common curriculum Biology (I'evikric ITadeiag)
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e. Common curriculum History (I'evikric ITadeiag)
f.  Principles of Economic Theory

From 2020 till today, the system is organized as follows:

e  Orientation group: Science
a. Physics
b.  Chemistry
c.  Mathematics
e  Orientation group: Health studies

a. Physics
b. Chemistry
c. Biology

e  Orientation group : Economic and Computer Studies
a. Mathematics
b. Informatics/Computer science
c.  Economics

It is worth mentioning that every year, students are tested in the subject of Modern Greek
irrespective of the academic track they have chosen. Through the multiple reforms of the system,
there have been years where students were tested on an obligatory or elective basis in subjects of the
general, common curriculum. However, there is no reason to analyze their performances in those
subjects given the topic of the present study which is their performances in STEM fields. A few
further clarifications regarding the specificities of the Greek educational system are also in order. The
term «orientation» is used as a shorthand for “academic track” and “orientation group” - the different
terms that have been used throughout the years. Also, the grade 20 is the highest one (corresponding
to “Excellent”) and the grade 10 is the passing grade

Mathematics, Orientation group : Science

TRETTITTIITI AT

2023 2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007
W 0<=GRADE<10 27.5834.99 31.8 33.1446.5956.2156.2546.76 39 28.5347.8240.5839.2125.3927.7740.7231.04
W 10<=GRADE<=20 72.4265.01 68.2 66.8653.4243.7943.7553.24 61 71.4752.1859.4260.7974.6172.2355.2868.96
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Figure 1. This figure shows the percentage of students who were below the base, i.e. 10, and the percentage of students who

were above the base in Maths- Science orientation. [2—13].

As far as performances in Mathematics — Orientation : Science are concerned, a significant percentage of
students consistently scores below average, varying from 25,39% in 2010 to 56,25% in 2017. In 2023, 2022,
2021, 2020, 2015, 2014, 2011, 2007 the below average percentage varied from 25,39% to 40% ; in 2019, 2016,
2013, 2012, 2008 from 40,72% to 47,82%. Over 50% of the students did not attain a passing grade in the years
2017 and 2018.
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Mathematics, Orientation Economic and Coputer study

LLELELLERRLLEhund

2023/2022 2021 2020 2019 2018 2017 2016 20152014 201312012 2011 2010 2009 2008 2007
W 0<=GRD<10 70 73.6 72.8 75.6 74 83.2 83.5 779 70 60.3 78 73.8 72.5 61.3 43.3 52.6 38.2
M 2tiAn2 30 26.4 27.2 244 26 16.8 16.5 22.1 30 39.7 22 26.2 27.5 38.7 56.7 47.4 61.8

100
80
6
4
2

O O o o

B 0<=GRD<10 M 3TAAn2

Figure 2. This table shows the percentage of students who were below the base, i.e. 10, and the percentage of students who

were above the base in Maths-Informatics/Computer science orientation. [2-13].

As far as Mathematics — COrientation : “Technology”, subsequently Orientation group
“Informatics/Computer science and Economics”, is concerned, the percentage of students having scored below
average is consistently over 52,61% since 2008, except for the years 2009 and 2007. The rest of the time, the
percentage of below average performances varied from 52,61% to 83,46%. Out of the 17 years that were studied
:in 3 years, 6 out of 10 students scored below average ; in 9 years, more than 7 out of 10 students scored below
average, whereas there were two years where more than 8 out of 10 students scored below average.

It is clear that there is a huge discrepancy between the two groups of students so far examined, that is
students from the Orientation group “Informatics/Computer science and Economics” and from the Orientation
group “Science”.

Mathematics, all groups

2023 2022 2021 2020 2019 2018
W 0<=GRD<10 55.93 59.57 57.31 58.84 61.03 69.62
B 10<=GRD<=20 44.07 40.43 42.69 41.16 38.97 30.38

80
70
60
50
40
30
20
10

0

B 0<=GRD<10 m 10<=GRD<=20

Figure 3. This table shows the percentage of students who were below the base, i.e. 10, and the percentage of students who
were above the base in Maths-All orientation. [2-13].

The following table presents the distribution of the students in the grading scale (0-5, 5-10, 10-
11, 11-12, 12-13, 13-14, 15-16, 16-17, 17-18, 18-19, 19-20). The percentage of students who scored
between 0 and 5 is quite remarkable. It is also noteworthy that during the years from 2021 to 2023,
the percentages of students who achieved higher grades (over 18) were higher than the previous
years. It seems that the reduction of the number of subjects at the panhellenic exams has had an
impact on the number of students who were able to attain very good or excellent grades. Overall, the
largest percentage of students is situated between the grades 14 and 17.
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Figure 4. This figure make a compariso of below average persentage accoring to Orientation group in Mathematics. [2—
13].

Mathematics, science group

35

30

25

20

15

10

0
2023 2022 2021 2020 2019 2018 2017 2016
mMO0<grd<5 10.74 14.25 13.74 13.49 28.4 30.69 26.09 19.25
W 5< grd< 10 16.84 20.75 18.33 19.64 18.19 25.52 30.17 27.51

m10cgrd<11 4.57 5.26 475 5.06 4.95 5 6.77 6.5
11 grd < 12 5.21 5.57 4,84 5.74 5.2 5.13 6.1 6.38
mil2<grd<13 5.69 6.12 5.09 5.68 5.87 4,99 5.65 6.54
W 13< grd <14 5.82 6.69 5.1 6.74 5.65 4,99 5.27 6.3

W 14<grd <15 6.9 7.06 5.4 6.78 5.71 4.63 4.88 5.82
W 15<grd <16 7.81 7.4 6.33 7.83 5.84 4 88 4.06 5.37
W 162 grd< 17 871 7.51 8.32 7.79 5.46 4.78 3.66 5.15
H17<grd< 18 9.92 5.51 9.36 6.84 4.99 4.4 2.96 4.58
W18<grd<19 9.59 6.5 10.13 6.6 4,35 3.08 2.43 3.79
W 19< B <20 8.19 5.38 8.88 7.81 5.39 1.9 1.96 2.81

Figure 5. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For MATHEMATICS —
Orientation : Science. [2-13].

As far as the Orientation group “Informatics/Computer science” is concerned, we observe a lower
percentage of students who were able to attain grades above average, which in turn, affects the percentage of
students who attained excellent grades. The latter is significantly lower than the corresponding percentage of
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students from the Orientation group “Science”. Less than 1% of students scored between 19 and 20 and
between 18 and 19 in almost every exam. On the other hand, the largest percentage of students who scored
above average is situated between the grades 11 and 15.

Mathematics, Economic and Computer Science
60

50

£
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(23]
o
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2023 2022 2021 2020 2019 2018 2017 2016
WMO<grd<5 43.79 46.72 47.09 23.35 49.67 52.83 48.62 42.49
m5<grd <10 26.25 26.84 25.67 21.4 24.29 30.34 34.83 354
m1l0<grd<11 4.52 4.35 4.46 4.51 4.61 3.72 4.37 5.35
ll<grd <12 3.85 3.84 3.91 4.91 4.21 3.28 3.52 4.14
m12=<grd<13 3.67 3.67 3.28 4.36 3.79 2.3 2.72 3.25
m13<grd<14 3.71 3.27 2.79 4.6 3.46 2.21 1.84 2.56
W 14< grd< 15 3.52 3.02 2.64 4.36 2.85 18 1.57 2.02
m15<grd< 16 2.98 27 2.47 4.83 215 1.28 1.02 1.86
W 16< grd< 17 2.71 2.37 2.55 5.19 1.95 0 0.73 1.19
H17/<grd<18 248 1.72 2.48 6.01 1.44 0.67 0.31 0.9
H18<grd<19 1.76 0.98 1.81 6.81 0.91 0.41 0.29 0.56
W19<grd<20 0.78 0.53 0.85 9.69 0.67 0.17 0.17 0.29

Figure 6. This figure has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For MATHEMATICS —
Orientation : Informatics/Computer science from 2016 to 2023 [2-13].

Mathematics, Tecnological group

60
50

iu.LL.L.L.."u !

2014 2013 2012 2011 2010 2009 2008 2007
m0<grd<5 35.49 51.35 45.56 48.37 41.02 23.79 26.92 17.18
m5<grd<10 24.84 26.68 28.25 24.16 20.31 19.48 25.69 21.02

m10<grd<12 10.29 7.86 8.16 8.25 8.13 7.24 9.96 10.51
12<grd<15 13.94 8.88 9.32 9.89 12.53 1431 15.55 18.46
m15<grd<18 10.76 4.55 6.21 6.26 11.36 14.82 11.36 23.15

m18<grd<20 4.68 0.65 2.47 3.04 6.62 20.34 10.48 9.65
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Figure 7. This figure has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For MATHEMATICS —
Orientation : technology up to 2014. [2-13].

Mathematics, all groups

45

40

35

30

25

20

15

10

S0 e | e | coommimm | commmees | mmmees | ommme

2023 2022 2021 2020 2019 2018
mO<grd<5 32.8 34.94 34.41 35.2 39.62 41.71
m5<grd<10 23.12 24.63 229 23.63 21.41 27.92
m10<grd< 11 4.53 4.68 4.57 4.64 4.77 4.36
11<grd< 12 4.3 4.47 4.26 4.61 4.68 4.21
m12<grd<13 4.34 4.56 3.96 4.41 4.77 3.65
m13<grd<14 4.41 4,51 3.67 4.5 4.5 3.61
W 14<grd< 15 4.65 4.48 3.68 4.22 4.2 3.22
m15<grd<16 4,58 4.4 3.93 4.45 3.89 3.09
W 16< grd< 17 4.71 4.23 4.72 4.11 3.61 2.89
H17<grd<18 4.95 3.82 5.07 3.48 3.12 2.55
W18 <grd<19 4.36 2.98 4.95 3.19 2.54 1.75
W19 <grd<20 3.24 2.26 3.88 3.55 2.9 1.04

Figure 8. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For MATHEMATICS — All
Orientations [2-13].

Physics, Science group

202 202 202202 201 201 201 201 201 201 201 201 201 201 200 200 200
3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7

mO0<grd<10 43.4 45 44 415 39.4/39.8 27.9 30.5 47.4 35 37.4 45.1 41.223.9 19.3 20.7 23.7
m10<sB<20 56.6 55 56 58.560.660.272.169.552.6 65 62.6 55 58.8 76.1/80.7 79.376.3

100
80
6
4
2

o O O 0o

Em0<grd<10 mW10<B<20

Figure 9. This figure shows the percentage of students who were below the base, i.e. 10, and the percentage of students who

were above the base in Physics- Operation Science [2-13].

In Physics, Orientation group “Science”, the lowest percentage of students scoring below
average — 20,68% — was recorded in 2008 and the highest — 47,4% — in 2015. In the years between 2007
and 2010, the same percentage ranged from 19,29% to 23,89%. In the years 2013, 2014, 2016, 2018 and
2019, it ranged from 30,5% to 39,78%. In the rest of the years, it varied from 41,2% to 45,05%.
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Physics, Health group

60 55.03

52.45 52.57
49.84 50.16 47.43

50
40
30
20
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2023 2022 2021 2020

M0<B<10 m10<B<20

Figure 10. This table shows the percentage of students who were below the base, i.e. 10, and the percentage of students who

were above the base in Physics- Health Science orientation [2-13].

Since the year 2020, which sees the introduction of the Orientation group “Health sciences”, the
percentage of students scoring below average ranges from 44,97% to 52,45%. During the four years
of its existence, almost half of the student population have not achieved a passing grade.

Physics, Technology group

%0 79.17 78.32

74.17
80 6036 7196

70 61.32 ssee M
60 53.44
6.56

50 1.34
2 68 o
30 0.83 1.68
20
10

0

2015 2014 2013 2012 2011 2010 2009 2008 2007

B

HM0<grd<10 mM10<grd<20

Figure 11. This figure shows the percentage of students who were below the base, i.e. 10, and the percentage of students

who were above the base in Physics- Technology orientation [2-13].

From 2007 to 2015, there was also the separate orientation “Technology”, where students were
tested in Physics. The percentage of students scoring below average was higher than that of the
students from the orientation “Science”. More specifically, the percentage ranges from 53,44% in 2009
to 79,17% in 2015. Every year, at least half of the student population scored below average. In 2011,
almost three out of four students scored below average (74,17%).


https://doi.org/10.20944/preprints202502.0902.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 February 2025 d0i:10.20944/preprints202502.0902.v1

9 of 17

Physic, all groups

60 51.96 52.61 54.41 °7.05

48.04 47.93
50 45.59 42.95
40

30
20
2023 2022 2021 2020

10

M0<B<10 m10<B<20

Figure 12. This table shows the percentage of students who were below the base, i.e. 10, and the percentage of students who

were above the base in Physics-All orientation [2-13].

Physics, Science group

30
25
20
15
” \‘ \| \I “ I| “ ]l
. | anttl vt |||||II| comttl oot £t | I |||II|| I ||||I||
2023 2022 2021 2020 2019 2018 2017 2016
HM0<B<«5 17.54 18.14 18.46 18.43 14.66 19.38 10.09 13.23
W5<B<10 25.86 269 25.54 23.07 24.75 204 17.82 17.27
mi0<B<11 4.57 4.81 4.7 4.91 5.69 4,37 4.46 3.98
11<B< 12 4,63 4,98 4,16 4,54 5.28 4,23 4.6 3.85
W12<B<13 4.89 5.1 4.38 4.92 5.72 4.92 5.18 4.18
m13<B<14 443 464 4.59 514 6.11 494 5.39 437
m14<B< 15 4.82 4.93 472 5.46 6.33 5.75 5.89 5.02
HM15<B<16 5.18 5.39 5.05 5.14 6.07 6.1 6.59 5.8
Wm1l6sB<17 5.35 5.49 5.24 5.82 6.06 6.38 6.83 6.49
m17<B<18 6.02 6.18 6.18 6.69 6.61 6.93 7.61 7.93
H18<B<19 6.84 6.35 7.04 6.96 6.44 7.44 9.7 10.1
WM19<B<20 9.48 7.09 9.94 8.92 6.29 9.16 15.86 17.78

Figure 13. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For Physics — Science Orientation
[2-13].
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Physics, Science group

15

: ‘|||| |I|‘|II‘I|‘

: L RRUL R R T
° i [ [

2015 2014 2013 2012 2011 2010 2009 2008 2007

mO<grd<5 18.46 12.67 11.8 15.24 14.11 8.58 6.8 8.04 8.35
m5<grd<10 28.94 22.3 25.62 29.81 27.09 15.31 12.49 12.64 15.38
mi10<grd<12 1237 9.22 12.63 11.9 10.97 8.43 #:32 6.21 8.11

12<grd<15 20.81 15.64 20.98 17.71 16.25 17.3 16.85 11.54 16.38
m15<grd <18 14.24 22.13 19.12 16.22 17.71 27.37 24.94 19.53 23.27
m18<grd<20 5.18 18.03 9.82 9.1 13.84 22.98 31.57 42.01 28.48

Figure 14. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For Physics — Science Orientation
[2-13].

In the orientation group “Science”, amongst the students with above average grades, the highest
percentage achieved grades above 15, as with Mathematics. The percentage of students who achieved
the grade “Excellent”, that is above 18, is consistently above 13%. The year 2008 saw the highest
percentage of “Excellent” grades - 42,01%. In the more recent years, the highest percentage has been
16,98% and was achieved in 2021.

The same goes for Physics in the Orientation group “Health Sciences”. The year 2021 saw the
highest percentage of students scoring above 18, namely 18,39%. According to the table above, in
2023, the percentage of students attaining the grade “Excellent” surpassed 13,01%.

Physics, Health group

30
25
20
15
10
" Wommmnnattl Moo Loam mn
il il il
0 I 2I023 IZ!)ZZ IZIUZI 2020
MO0=<grd<5 26.77 24.45 23.03 22.34
W 5< grd< 10 25.69 25.39 24.4 22.63
m10< grd <11 4.04 A4.78 4.26 4.63
11< grd < 12 4.1 4.23 3.84 4.99
W12<grd<13 4.06 3.83 3.58 4.56
m13<grd<14 392 3.92 3.69 4.45
W 14< grd <15 4.18 4.17 4.03 4.54
W15 < grd< 16 4.32 4.67 4,15 5.35
W16<grd <17 4,57 4,99 4.9 5.01
W17 <grd <18 5.35 5.44 571 5.7
W18<grd<19 5.69 6.7 7.03 6.3

W19 < grd< 20 7.32 7.43 11.36 9.51
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Figure 15. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In

each margin is written the percentage of students who achieved the corresponding score. For Physics — Health Orientation
[2-13].
The same goes for Physics in the Orientation group “Health Sciences”. The year 2021 saw the

highest percentage of students scoring above 18, namely 18,39%. According to the table above, in
2023, the percentage of students attaining the grade “Excellent” surpassed 13,01%.

Physics, technology group

:
‘ln = IL it ||| - ||| .- ||1 - IIE fin Ill fin II: il Ill fIn

g e VNN ]

2015 2014 2013 2012 2011 2010 2009 2008 2007

HMO<sgrd<5 43.12 34.82 35.33 43.81 38.32 28.97 24.66 27.69 2961
W5 grd< 10 36.04 34.54 36.63 34,51 35.85 32.35 28.78 30.97 34.49
m10<grd <12 7.22 7.59 8.88 7.07 7.52 8.9 10.02 7.22 8.74
12<grd < 15 8.32 9.34 10.39 7.6 8.66 12.41 14.15 9.85 111
H15=<grd<18 4.04 8.68 6.2 4.81 6.28 11.41 13.27 10.97 9.64
m18<grd <20 1.25 4.94 2.55 2.16 3.34 5.92 9.1 13.28 6.38

Figure 16. This table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by two unit. In
each margin is written the percentage of students who achieved the corresponding score. For Physics — Technology
Orientation [2-13].

As with Mathematics, the performances of students from the orientation “Technology” in
Physics are inferior. Not only are the percentages of students scoring below average grades higher,
but also the percentages of students scoring above 18 are lower. The highest percentage is recorded
in 2008 and goes up to 24,25%, whereas the lowest is recorded in 2015 and is only 5,29%.

Physics, all groups

320

25

20

15

10

- sennnnninll prumunnnil [} llllllll sonnnnnnill

2023 2022 2021 2020
HMO<grd<5 22.26 21.23 20.58 20.07
m5<grd <10 2577 26.16 25.01 22.88
m10<grd< 11 4.99 4.8 4.5 4.79
11< grd< 12 4.36 4.61 4.01 4.73
H12<grd <13 4.47 4,48 4.01 4,77
E13<grd<14 417 4.29 4.17 4.85
W14<grd <15 4.49 4.55 4.4 5.07
m15<grd <16 4.74 5.04 4.63 5.23
m16<grd <17 4.95 5.24 5.08 5.48
H17 <grd<18 5.68 5.82 5.96 6.27
Wm18<grd<19 6.25 6.52 7.04 6.68
W19 <grd<20 8.37 7.26 10.6 9.17

Figure 17. his table has points from zero to twenty divided into the following ranges 0-5, 5-10 and then by one unit. In
each margin is written the percentage of students who achieved the corresponding score. For Physics — All Orientations [2—
13].
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Comparing students’ performances from all orientations in these subjects, we are not able to
observe consistently better or worse performances in one or the other. However, were we to focus on
the current exam system, in force since 2020, students perform worse in Physics than in Mathematics.

Below average performances in Mathematics and Physics
60 56.21 56.25

5

47.82
a1 4506 g, 4659 4675 474 82 4505 ,
: : : 40.72
41 .78 3 27038 39% 0
34, 3 34.97
. 318 33 s B s - 31.04
30 7 293%9 73
29 W68
2
1
0
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o

s
o

o

(=]
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Figure 18. This figure make a compariso of below average persentage in Mathematics and in Physics. [2-13].

3.2. Students’ Performances at the National Exams in Greece per Discipline and per Question

In order to be able to evaluate the skills of the candidates at the panhellenic exams, we submitted
arequest to the Ministry of Education, Religious Affairs and Sports (file number 53149/A2/12-05-2023)
for data regarding the number of students who obtained the grade “Excellent” in each of the exam
questions at the disciplines relating to STEM education. Useful conclusions as to students” STEM
skills can be reached, taking into account the degree of difficulty of each question. According to the
relevant legislation, the exam questions are conceived in such a way as to cover the largest possible
part of the exam curriculum and to have increasing difficulty.

In Mathematics, the first question is theoretical; it concerns concepts, definitions, lemmata,
statements, theorems, corollaries. The goal is to test the understanding of basic knowledge. The
second question asks students to solve a problem by using algorithms, theorems, properties, and
corollaries. For the third question, students need to apply combinatorial thinking and to synthesize.
The fourth question requires the skills needed to solve the problem of the third question and
additionally initiative and developing resolution strategies [14].

In Physics also there are four questions of increasing difficulty. The first one contains questions
concerning theory. The second question tests again theoretical knowledge but mostly the students’
critical thinking skills and the skills acquired through experiments. As for the third question, it
requires students to use combinatorial thinking and synthesize concepts, laws, formulas, and
principles. For the fourth question, students need to apply combinatorial thinking and also to develop
resolution strategies [14].
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The above analysis shows that the panhellenic exam allowing access to higher education assesses
some of the 21t century skills, such as critical and combinatory thinking — two of the most
fundamental skills required to conquer higher level skills. The results of this exam are, unfortunately,
not encouraging. In all the exam subjects, more than half of the students were unable to successfully
tackle all the questions.

4. Discussion

It is clear that the small number of students who achieve high performance in STEM subjects
and the correspondingly high percentage of students who do not exceed the baseline are remarkable.
The students themselves choose the orientation group in which they will study and therefore the
subjects in which they will be tested. This demonstrates their own desire and therefore their belief
that they can achieve better results in these subjects. On the other hand, the ever-increasing demand
for STEM professionals worldwide underlines the need to support these disciplines so that there will
be a greater number of professionals in the future [15], which will cover the shortage of workers
recorded in these disciplines [16,17].

Better performance is linked to the acquisition of interest in the subjects concerned [18,19], social
and emotional skills [20], but also to the pedagogical methods used. Motivation [15,21,22], cognitive
factors [15] and interest in science [19,21] play a leading role in strengthening students' desire to
engage with STEM subjects and their subsequent careers [15]. In particular, interest in acquiring
knowledge is what can activate students, as they learn for their own enjoyment rather than because
they are forced to [23].

An analysis of the results of the PISA 2015 survey shows the link between interest in science and
medium and high performance in the survey [18]. Meanwhile, the acquisition of scientific skills and
interest in science led to students in the last year of secondary education in Indonesia being able to
solve problems of high difficulty [19]. At this point, there is an alignment with the objectives of the
national examinations.

School is the environment that can provide the appropriate emotional and social conditions for
students to achieve higher performance [24]. With regard to the acquisition of interest by students,
carrying out experiments in science laboratories has positive results [25,26]. Access to laboratory
resources is associated with students' active participation, but also with their positive attitudes
towards science [25]. Effective science education from primary school can have positive results in
effective science education throughout students' school careers [27,28]. In addition, implementing
STEM education from the primary school stage can have a positive effect [28,29], both in terms of
increasing students' interest and better understanding of science and engineering in both fields [29].
It is clear that if we are to find ways of improving students' performance at the end of their school
careers, interventions need to start in the early years of schooling [27].

Students' interest in STEM subjects is also influenced by informal learning, i.e. activities in which
students engage in their free time outside school. Students' engagement with mathematics and
science outside the formal curriculum appears to have a positive impact on their attitudes towards
these subjects and on their performance [30]. This engagement is also associated with higher science
scores in PISA 2015 [18].

Teachers, for their part, can contribute to increasing students' interest [15,27] by creating an
accessible climate for students during mathematics and science lessons, by encouraging all kinds of
learning activities [15], and by increasing students' involvement in the whole process [25]. As each
student has a different learning preference (visual, auditory, kinaesthetic), which plays an important
role in achieving educational goals, secondary school teachers should use different methods when
teaching science so that all learning preferences are covered [21]. The teacher, in the role of a guide,
allows the students to explore and thus gain a deeper understanding of the subject under study [31].

Improving student performance can also be achieved by developing 21st century skills such as
collaboration [32] and leadership [33].
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Artificial intelligence and data analytics have been applied to STEAM courses and have been
shown to increase interest and change students' initial attitudes towards science and mathematics for
the better [34].

New technologies, including TikTok videos, can contribute to a deeper understanding of even
abstract concepts in science, starting with primary school students [28]. In particular, the TikTok
platform allows for interaction during the transfer of knowledge from teacher to student, but also
contributes to the development of critical thinking, creativity and problem-solving skills, while
increasing the level of understanding of the presented topic and stimulating students' interest [28].
In general, the use of technological resources that use images [27], resources such as PPT, You Tube
videos, quizzes [23] and laboratory resources, increase students' interest, active participation
[23,25,27], their level of attention to what their teacher is saying and positive feelings towards the
lesson [23].

Learner-centred models of learning, such as constructivists, which explain the way in which a
person learns [35,36] or understands [36], seem to contribute to the development of the skills required
for the 21st century [37]. On the other hand, pedagogical methods such as problem-based learning
(PBL) show positive results in science teaching, as knowledge is developed through the analysis and
solution of a problem, which requires the direct involvement of the students and thus stimulates their
interest [31]. Another method that can help improve student performance is cooperative learning
[38,39]. Other constructivist methods include inquiry-based learning [40], project-based learning [37]
and design thinking [41].

The education system is at the centre of supporting student performance as it supports the
development of learners' knowledge, skills and attitudes [19]. Good science performance in PISA
2015 is also associated with schools that have adequate equipment, high levels of educational
leadership, lower pupil-teacher ratios and higher numbers of science teachers [18].

5. Conclusions

It is clear that the performance of Greek students in Panhellenic examinations is consistently
low. Given the need for professionals in STEM fields, which is expected to increase globally,
improving student performance in these subjects is a challenge.

Improving academic performance is a multifaceted issue that requires a combination of
measures to achieve. At the center is the curriculum, which needs to focus on the issue so that
teachers, in turn, use the appropriate pedagogical methods and contribute in this direction.

Specifically for science courses, contact with the laboratory, teaching from an early age, the use
of new technologies, the choice of student-centred teaching methods, the creation of an appropriate
classroom environment, the involvement of students in science in extracurricular activities, the
reduction of the student-teacher ratio and more hours of science teaching can contribute in this
direction.

Future research could link students' performance in national examinations with their study time
during the year, with their attitudes towards the subjects examined and with their views on their
studies in higher education.
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