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Abstract
Mathematics has got roots in Finland in the lasirtar of the 19 century and came to
flourish in the first quarter of the next centuily. the first quarter of the Z0century,
mathematicians were involved in teaching mathematit schools and writing school
textbooks. This involvement decreased and camentenal by the launching of the ‘New
Math’ project. Mathematics education for elite vadigositive affect to higher education, and
this has changed by the spread of education, theease of mathematics teaching hours at
schools and the changes in school mathematicatuolar The impact of curriculum changes
is evident in Finnish students’ performance inlth& comparative studies, PISA and IMO.
1. Brief and incomplete history of mathematics cultivation in Finland
The University of Helsinki of today is a direct ¢mation of the first Finnish university
established in Turku in 1640. This was the onlyarsity Finland had till 1917. Relying on
one university, mathematics had got a chance tw,greceive strong roots and to flourish.
The strong roots of the Theory of Functions haditgabeginning of growth through the five
years professorship of the eminent Swedish matheiaraGosta Mittag-Leffler(1846-1927)
in Finland, from 1876 to 1881.
Two eminent Finnish mathematicians continbdittag-Leffler work, first his studenRobert
Hjalmar Mellin (1854-1933) and then Mellin’s illustrious studdfinst Leonard Lindelof
(1870 — 1946). Our most well known mathematiciaolf Herman Nevanlinn§1895-1980)
was a student of Ernest Lindel6f, who was the coosihis father. In 1919, at the age of 24,
Nevanlinna presented his thesis, but the most itapbwork of Nevanlinna was published in
1925. This includes the invention of harmonic measand developing the theory of value
distribution, named after him “Nevanlinna Theorgfter Nevanlinna it is difficult to find a
Finnish mathematician of the same internationalditey. ButLars Valerian Ahlforg1907 —
1996) is such one. He was a student of both Lirddmhdl Nevanlinna. At the age of 21,
Nevanlinna’'s teaching gave him inspiration to salwe Denjoy's conjecture problem. This
achievement gave him 8 years later, to be oneeofutio recipients of the First Fields Medal,
awarded in 1936 (Kaskimies 1947, Elfving 1981, Ardf1982).
2. Mathematics, mathematicians and mathematics education in Finland
2.1. Schoal teaching and school textbooks befor e reforms
The cultivation of mathematics in Finland wouldh#&ve happened without cooperation of
eminent European mathematicians. But, it is alse that this cultivation wouldn’'t have
happened unless a success in school teaching bematics was achieved. In Finland, it was
common to find a distinguished mathematician waglas a schoolteacher or writing a school
textbook. From the above mentioned eminent mattielmas Mellin and also Nevanlinna
had worked as schoolteachers in Helsinki (Elfvieg1l, Lehto 2001).
Ernst Bonsdorf{1842-1936), the eminent researcher in the Inaati@eory temporarily had
held the professorship of mathematics. But, in 18M@ag-Leffler was chooserto this
professorship vacancy, and not Bonsdorff. Thisrhade a turn in the history of mathematics,
and also mathematics education in Finland. Bon&dben continued his work as a head
teacher of Hameenlinna Normal Lyceum (Elfving 19&B-60). Normal Lyceum is a
Secondary Teaching Practice School. Besides histeaching skills, Bonsdorff wrote some
of the best, ever written, Finnish mathematicstteaks, among others Geometry textbook of
1889 (Bonsdorff 1889).
From Rolf Nevanlinna’s family both his father Doctotto Wilhelm Nevanlinngl867-1927)
and his uncle DoctoiLars Theodor Nevanlinng1850-1916) were Secondary School
mathematics teachers. They had played a majorinothe development of mathematics
Education in Finland. Lars Nevanlinna was a teaétiemore than 20 years and in 1902 he
became the superintendent of Mathematical Subjedh® National Board of Education
(Elfving 1981). Lars Nevanlinna's textbooks haveemeused for more than half century
(Neovius-Nevanlinnal950).
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Last well-known Finnish mathematician, who workesd sshoolteacher, wdsalle Vaisala
(1893-1968). As Rolf Nevanlinna, he was a studémirnest Lindelof and at the age of 22 he
presented his thesis. This was on Algebra and meh® area of most Lindel6f's students: the
Theory of Functions. In 1941/42, the mathematiesher of Vaiséala's son’s left the school
for a military service and no relevant candidate dobstitution was available. This event,
besides Vaisala’s interest in school mathematies & reason to make from a professor of
mathematics a schoolteacher. School teaching experiwas translated into a series of
school textbooks (Kaskimies 1947, 202-203). From6lfh 1970 Vaisald’'s textbooks were
the most used in Finnish Secondary Schools, amtregAlgebra textbooks (Vaisala 1963).
2.2. School Spread and mathematics education in the 20" century

After Finland’s getting its independency in 191 tlecrease of mathematicians involving in
school Education was evident. This was an outcanem new elements: the establishing of
new universities and Higher Education institutesd dhe spread of Secondary Schools.
Finding qualified teachers for the new vacanciesniteeasy, also for the new universities
and higher institutes.

The spread of schools in the 1950s, after the émehcs in 1944, was the greatest in Finnish
history. In 1938/39 the number of Secondary Scl8iatlents was 53 000, but this number
became 214 000 in 1960/61 (Halonen 1982, 93). Hiy boom and the growth of economy
after wars were behind this growth, where the cdegoy of Primary School, since 1921 Act
(Paivansalo 1973, 10), had made this growth passiburther, the spread of Secondary
School and the growth of economy gave the bas¢htorestablishment of Comprehensive
School (Grades 1-9), by the School System Act 06819Comprehensive School was
established to form the compulsory education inedfaxe base. This change has led to the
increase of students’ numbers at Senior Seconddrydband as well in Higher Education.
2.3. The place of mathematicsin school curriculum in Finland in the 20" century

In the first decade of the 20century, the number of mathematics teaching hovas
significantly higher than that of any other scheabject. The other area of special interest
was the study of languages. Among others, in JUémondary School (Middle School) four
languages were provided, including Finnish. Theltestumber of these four languages’
teaching hours was more than twice of that of nrattes. But, the number of teaching hours
of Art and Physical Education, all together foubjsgts, was less than mathematics teaching
hours (Halonen 1982, 33).

In 1914 a slight drop had happened to the numb&rawhing hours of mathematics (Halonen
1982, 33, 51), then again similar drop took placéhie years 1918, 1941 and 1948. The most
significant drop was that of 1972, at the time @n{prehensive School establishment. The
decreasing of mathematics teaching hours, beginnitg14, has changed mathematics place
in our schools. Where the number of mathematicshieg hours before 1914 in the five
years of Middle school was 23, the correspondingler in 1972 was 18. In 1986, UNESCO
published the results of a survey, in which a campa of mathematics teaching hours
worldwide was provided. Among 27 European countties number of mathematics teaching
hours in Finland was the lowest and one of the &wamong all of the 94 countries
participated in the survey... the range varies from an average of 2.6 hours\peek in the
case of Finland to an average of 6.1 hours per wedkwitzerland — and these average are
over 12 years of general educatioflNESCO 1986, 35). An hour in UNESCO report is of
60 minutes. Here to note that the UNESCO surveedito investigate the place of Science
and Technology in School Curricula. The survey'sadeollection had taken place in 1981
(UNESCO 1986, 8). In 1985, slight drop of mathegstieaching hours was again made
(Kouluhallitus, 1985, 316-317).

3. Mathematics education reforms, Olympiads and compar ative studies

Both, comparative studies on students’ achievememd mathematics curriculum reforms,
had started at the end of the 1950s as post was ptaWestern world. The lunching of
Sputnik in 1957 had made the implementation ofah@ans urgent (Husén 1967, Vol. |, 25).
Also, at that time, the former USSR and other énfear socialistic countries met for the first
time in the mathematical competition known as Imional Mathematical Olympiads
(IMO). Finland was one of the 12 western countrigBich participated in the First IEA in
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mathematics (FIMS), started at the end of the 19%0s1965, Finland became the first
Western country to participate in IMO. In additidfinland participated in the ‘New Math’
reform project, started at the beginning of the@9@ his active participation characterizes a
general Finnish well.

In the First IEA (FIMS), for Junior Secondary iretbase of Population 1a, Finland got the
3rd place among the 10 countries participated,fangopulation 1b the%place among the
12 countries participated. For Senior Secondanp8i¢hrinland got the 6th place out of the
10 participated countries, where mathematics wgarded as complementary part (Short
courses). But for Senior Secondary School, wherthenaatics was substantial part (Long
Courses) Finland got the 10th place out of the Id2addition, the standard deviation of
Finnish students was the 3rd lowest for Senior 8&&y School and the Lowest for Junior
Secondary School. For both schools, the more ddtadsults show that students’ scores are
around average level, where high scores were misz@gpletely, and quite the same for low
scores (Husén 1967, Vol. ll, 22-25). These restlizracterise the education of mathematics
in Finnish Schools, up-to-date.

Here to mention to a unique type of consistencthen FIMS Finnish students results. Not
only the total sample of Senior Secondary Schoth tkiong Courses’ got the f(place, but
also the upper 4% of this sample got th& fiace among the corresponding samples of other
countries (Husén 1967, Vol. 2, 122). Thd" flace of the 4% mentioned of 1964 testing of
FIMS, and the missing of high scores explains wnaid in 1965 IMO got again the 10
place out of 10 participated countries.

Despite the all-round type of the established Caingnsive School in 1970, and despite the
decrease of mathematics teaching hours accompdhednplementation of the ‘New Math’
curriculum to all schools, started in the same ybkad been of a positive affect on the results
of IEA Il (SIMS), and as well on IMO results. SIM&sting was in 1981, after 11 years of the
beginning of the ‘New Math’ curriculum implementaii According to the micro study of
D.F. Robitaille and A.R. Taylor, Finnish students mth Junior and Senior Secondary
Schools had made better in SIMS, more than in FIMi#) the exception of the case of
arithmetic test (Robitaille & Taylor 1989, 174, 1606).

Regards 1981 IMO, which was hold in the year of Siisting, Finland made a remarkable
progress by getting the T2lace among 27 countries. In the second year 18B®and
became the "8among 30 countries, and this is the best resdt & Finland’s teams in
IMOs. The participated students in IMO 1982 hadtsthschooling in 1970, the year of ‘New
Math’ curriculum implementation for all the 12 yesaif General Education. In 1983, Finland
got the 12 place, among 32 countries, but in the next yeat984, Finland got the $®lace
among 34 countries. The beginning of the 1980s tivagime of replacing the ‘New Math’
curriculum by the ‘Back-to-Basics’ one, in all Fish Schools.

4. Mathematics education changes since 1980

The ‘Back-to-Basics’ curriculum changes didn't lgriback Euclidean structured Geometry
and its deduction to Schools. In the 1980s and 4%9@phasis was putting on mastering
mathematical skills, especially arithmetical onds. comprehensive school, arithmetic
education became based on drilling. Even rhythrndssettes were made for learning
multiplication tables by heart in the 1980s. Thysesed with the emphasis of the ‘Guaranteed
calculation kills’ in the National curriculum of 88 (Opetushallitus 1985, 147). For
Comprehensive School, the study of Algebra becam@ractice additional arithmetical one
(see Malaty 2007). In the case of Senior Secon8ahpool, ready formulas and algorithms
were used to solve algebraic problems in mechamiegl. Here we present two different
examples. The first is for Algebraic teaching ($hoourses), and it shows how mechanical
approaches had moved aside logical thinking anelégancy. To solve the equatiost{)’=

9, the only solution provided by a textbook is lshem the use of Quadratic Equation
formula. In addition, the formula itself is givings a ready rule (Makinen, Sivonen and
Rahikka 1995, 199-200). The second example is e@ldb Senior Secondary School

matriculation examinations (Long Courses). To sdive equation|2x—1=|3x+ 2, the
model solution published in the main Finnish newspawas starting by writing the
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equivalency |2x~1=|3x+ 2 = (- 1 = (3+ 2J (Helsingin Sanomat 1994). This

model does not only represent the use of unne@shgdrhechanical performance, but how the
use of illogical approach had been accepted. Thierstanding of the concept of absolute
value has to lead to the conclusi@x—1= 3x+ 20or 2x— 1= — (X+ 2, upon which the

presented equivalency can be obtained. The propusddl is doing the opposite.

Geometry in Comprehensive School became a caloolati perimeters, areas and volumes,
and as well the using of instruments to make canstns with the help of given steps. No
justifications for such steps are provided. In Ser8econdary School, teaching Geometry
became also related to calculation of areas anamed with more using of trigopnometry. In
textbooks, it became difficult to find a model fariting mathematical text, where pure
mathematical mistakes became not rare.

Since 1985, besides the ‘Back-to-basics’ affect tterd above, special interest arose in
‘Problem Solving'. This includes encouraging studeinom the first Grade of Schooling to
solve problems, where the solution is in need tfieracommon sense, than studying of
mathematics. Under the name ‘Problem Solving’, gigpzles had been offered to children,
where they had only to wait until the trick of thelution is presented to them. The so-called
‘Ethnomathematics’ had been translated into ‘Evayydlife Mathematics’. This includes
everyday life problems, where among others makiagrdms and reading ready omesame

a common activity since the beginning of schooling even in pre-school education (Malaty 2002).

5. Theimpact of changessince 1980 on TIM SS

The changes we have mentioned are in need for detadled discussion, but this we leave to
another paper. These changes had taken place stbaols in the 1980s and 1990s and this
has affected in the results of the two comparastuelies, in which Finland took part after
SIMS. These studies are the Third IEA study, whighed into TIMSS, and PISA. PISA, by
its philosophy is related to Junior Secondary StHad TIMSS is much wider. Finland took
part in only the Junior Secondary School part 8138, where testing was in1999.

For Junior Secondary students, where in FIMS arMSSFinland results in algebra were
much better than in arithmetic (Robitaille & Tayld®89, 174, 160-176), the opposite has
happened in TIMSS. Finland had got thd place out of 38 countries in the performance of
the test on ‘Fractions and Number Sense and opesatbf TIMSS, but the 20 place in
Algebra. Where Finland had got the"lace in ‘Geometry’, it got the f5lace in the test
of ‘Measurement’, where calculating areas were comrntems. The best ordinal rank
achieved was the"™@and this was in the test of ‘Representation, $sial and Probability’,
where test items are mainly related to ‘Everydfgytiathematics’ (Mullis et al, 2000).

6. PI SA success and the future of Mathematics Education in Finland

PISA tests measure only mathematical literacy, sl is relevant to the Finnish School
Curriculum. The over all ordinal rank, for Finlaria TIMSS 1999, was the 14 where
performance in ‘Representation, Analysis, and Ruiityd related to everyday life was the
best. PISA items are not related to a particulatheraatical content, like Algebra or
Geometry(OECD 2004, 18). The dispersion of Finnish studeetults in PISA is one of the
lowest through the participated countries. This walgays the case in comparative studies,
also before the establishing of Comprehensive 3shd@be new in PISA is that high scores
are now achieved by reasonable percentage of studerPISA 2003, where the focus was in
mathematics, 6.7% of students achieved the highest. The percentage of other 6 OECD
countries and a Partner Hong Kong-China was higkeading by Hong Kong (10.5%) and
Belgium (9%). But this didn’t prevent Finland frogetting the First Place among 31 OECD
countries, and the second among all the 41 paateibcountries. The reason is related to the
equity principles in Finnish society, accordingatbich special care of students with learning
difficulties in mathematics is provided. Therefondere 26% of all 40 countries participated
students were at level eror lower, only 6.8% of Finnish students were of lsuow
achievement. Looking back to PISA tests we find #ialand got the first place in only one
test out of four, and this is the test of ‘Quarniityhere the difference between the mean of
Finnish students, in this test, and the mean df e#lter country has a statistical significance,
with the exception of the case of Hong Kong (OEQDA).
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7. Conclusion and future mathematics education development in Finland

Mathematics Education for all after the indepengent Finland had met difficulties in offering

understanding of mathematics to the level achideddre, where education was for elite and in some

cases offered by elite. Therefore in comparativeliss, since FIMS, no one from Finnish students got
highest scores and, in general, no success wasvachin IMO. But, Finnish teachers have shown high
ability in implementing every reform. Even at thme of establishing Comprehensive School, with
low number of mathematics teaching hours, SIMSItesuere better than in FIMS. Success also was
achieved in IMO as the ‘New Math’ had put emphaisisthe structure of mathematics. The

implementation of ‘Back-to-Basics’, ‘Problem Solgirand ‘Everyday Life mathematics’ has brought

some success in TIMSS and more success in PISA. tderotice that TIMSS tests are closer to PISA
than to FIMS and SIMS. The problem is that we awé mow able to get success in IMO and the

mathematical level of Secondary School graduatemisatisfactory for higher education. Since 1995

changes are taking place in developing mathematoalicula, where some mathematicians had

become involved to some extent in school mathemaitiucation. Also efforts have been made to take
care of gifted students. Taking care of gifted stud in Physical Education and Art is accepted, but
why not in mathematics? This can raise a questiboutathe success of making mathematics
understandable and making its beauty and elegasea. dn other words, it is a question of
mathematics education success.
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