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Abstract. The article investigates the
specific features of science education
in Russian schools as they are mani-
fested in international assessments: the
decrease in science achievements be-
tween elementary and middle school
and the startling difference between the
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TIMSS and PISA scores of eighth- and
ninth-graders. Conclusions are drawn
from analysis of data obtained from the
international studies (test results, par-
ticipant surveys, item analysis) as well
as from the characteristics of science
education guidelines contained in the
federal education standards and cur-
ricula. Factors affecting science perfor-
mance in elementary, middle, and high
school are identified. For instance, the
high TIMSS scores of fourth-graders are
largely explained by active acquisition of
scientific knowledge beyond the school
walls at this age. The sharp difference
between the TIMSS and PISA results of
eighth- and ninth-graders has to do, on
the one part, with the close correspond-
ence between Russian science curricula
and the TIMSS conception, and on the
other part with the considerable disa-
greement between science education in
Russia and the PISA conception, since
the former is little oriented toward devel-
oping scientific literacy in students. The
decrease in eleventh-graders’ perfor-
mance in TIMSS Advanced-2015 (ad-
vanced physics) as compared to the pre-
vious cycles may be due to, among other
things, the increase in the percentage of
items on atomic/nuclear physics, which
turned out to be the cause of more dif-
ficulties for students. The TIMSS, PISA,
and TIMSS Advanced results of 2015 in-
dicate that science education in Russian
schools is aimed more at acquiring and
demonstrating knowledge rather than
applying it or learning the scientific pro-
cedures and practices, i.e. evaluating
and designing scientific enquiry, inter-
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preting data and evidence scientifically. Keywords: science education, inter-
The novelty of this study is that it brings  national comparative studies on educa-
together international assessment data  tional quality, PISA, TIMSS, education-
on the quality of science education in  al attainment, scientific literacy.

Russia at all levels of school education

for the first time. DOI: 10.17323/1814-9545-2018-1-79-109

The year 2015 witnessed a coincidence of regular cycles of as many
as three international studies of secondary education quality: TIMSS,
PISA, and TIMSS Advanced. All three are designed, among oth-
er things, to assess school student attainment in natural scienc-
es across countries. The TIMSS, administered in four-year cycles,
measures the quality of science education among students from the
fourth and eighth grades. The PISA (conducted every three years)
tests the so-called scientific literacy of 15-year-olds. The TIMSS Ad-
vanced evaluates every seven years the educational attainment of
students in their final year of secondary school (eleventh grade in
Russia) enrolled in special advanced physics programs or tracks.
Russia participates in all three assessments, so the 2015 results can
be regarded as a fairly informative dimension of horizontal data on
school science education.

Figure 1 presents Russia’s science education results in the cycles
of all three studies, measured by the national sample average; the
continuous line corresponds to the international average of 500 points.

The graphs present a rather controversial picture:

- Russia’s results are higher than the international average in all the
assessments except for PISA;

« Not only are the TIMSS results in the fourth grade high in abso-
lute terms but they also reveal a positive trend;

- The 2015 results in the eighth grade show very little change as
compared to the previous TIMSS cycle in 2011, i.e. there is no
trends in this time segment;

+ Fifteen-year-old students (mostly ninth-graders) performed low-
er than average in the PISA Science tests, and there is almost no
difference between the results of 2012 and 2015. However, if we
compare the 2006-2015 period, when science literacy was PISA’s
top priority, we will see some progress over the period (8 points);

+ The eleventh grade demonstrates an essential downward trend in
performance in advanced physics, yet Russia’s 2015 score is still
higher than the international average.

Obviously, these oppositely-directed trends need to be analyzed in
depth and commented upon.
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Table 1 shows the TIMSS-2015 results of fourth-graders in Science
[Martin et al. 2016]. Only two countries, Singapore and South Ko-
rea, demonstratesd better performance, and Japanese students per-
formed nearly the same as their Russian peers. The results in the other
43 countries are significantly lower than in Russia. Moreover, Russian
elementary school graduates have shown continuous progress since
2003, when Russia participated in the TIMSS fourth grade for the
first time (Fig. 2) [Center for Education Quality Assessment, Institute
for Strategy of Education Development, Russian Academy of Educa-
tion 2016b]. Russian scores have grown by 41 points on the interna-
tional scale over this period. As compared to the previous study cycle
(2011), Russian students scored 15 points higher in Science in 2015,
which is not typical of any country. Seventeen countries improved their
performance between 2011 and 2015, while 16 remained where they
were, and eight showed a decrease.

Meanwhile, the high results of Russian fourth-graders in sci-
ence are even more surprising than, say, the unsatisfactory results of
15-year-olds in PISA science literacy. The truth is that the TIMSS Sci-
ence Framework for the fourth grade [Martin et al. 2016], designed in
collaboration with all the participating countries, goes far beyond the
curriculum of the “The World Around Us” (TWAS) course delivered in
Russian elementary schools'.

1 Elementary Education Curriculum Guidelines (2015). Approved by the Reso-
lution of the Federal Academic Association for School Education of April 8,
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Table 1. TIMSS-2015 Results in Fourth Grade Science

Country Average Score | | Country Average Score

1. Singapore 590 (3.7) 25. Australia 524 (2.9)
2 Repugl'i‘c of Korea 589 (2.0) 26. SIova'l‘I;HRepuinc '''''' (2.6)
3 Japa'r‘lw 569 (1.8) 27. Nortﬁ‘é'r‘n Ireland : (2.2)
4 Russ'i‘z;ﬁ Federation 567 (3.2) 28. Spaiﬁm : (2.6)
5 Hongmkong (SAR) 557 (2.9) 29. Neth&[ands . (2.7)
6 Taiwe;ﬁu 555 (1.8) 30. ftaly : (2.6)
7 Finla'r‘1'(‘j" 554 (2.3) 31. Belgiun ; (2.3)
8 Kaza'k'ﬁustan 550 (4.4) 32. : (2.2)
9 PoIaﬁHdH 547 (2.4) 33. ) (2.7)
10 Unite"('j‘HStates 546 (2.2) .

1. Slovenia 543 (2.4) 34. ' (2.7)
12 Hung;?y 542 (3.3) 35. Turkeuy'/m : (3.3)
13 Swed‘é'ﬁ 540 (3.6) 36. Cypr'l‘J'éu : (2.6)
14 Norv‘}é‘)'/‘ 538 (2.6) 37 chili : (2.7)
15 Engléﬁgj 536 (2.4) 38. Bahr'é'i‘r; . (2.6)
16 Bulg(;i;i:'i 536 (5.9) 39. Georéié . (3.7)
17 Czec'r‘;l‘%epublic 534 (2.4) 40. UAE4'1‘5'1‘ .

18 Croa't‘i; 533 (2.1) 41. Qata'rm : (4.1)
19 Irelaﬁa‘ 529 (2.4) 42. Oma'r‘1w : (3.1)
20 Gerrﬁ;r‘ly 528 (2.4) 43 han . (4.0)
21 Lithu;ﬁ"ia 528 (2.5) 44, Indoﬁééia . (4.8)
22. Denmark 527 (2.1) 45. Saudi Arabia ' (4.9)
23 Canéa‘é 525 (2.6) 46. Moro;go : (4.7)
24. Serb'i; 525 (3.7) 47. Kuwz;i'tm 337 (6.2)

According to the international analytical report [Ibid.], TIMSS-2015
tests could assess knowledge in all natural sciences taught in school:
life science (biology), physical science (physics and chemistry), and
Earth science (geography). These content domains were represent-
ed in the TIMSS-2015 tests for the fourth grade in the following ratio:
life science-45 percent, physical science-35 percent, and Earth sci-

2015. Minutes No. 1/15. Register of School Education Curriculum Guidelines.
http://mosmetod.ru/files/dokumenty/primernaja-osnovnaja-obrazovatelna-

ja-programma-osnovogo-obshchego-obrazovanija.pdf
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Fig. 2. The Progress of Russian School Students in the TIMSS
Fourth Grade Assessment over the Entire Period of Participation
(International Scale Average)
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ence-20 percent. Russia’s Elementary Education Curriculum Guide-
lines (2015) shows prevalence of the biology and geography compo-
nents, often interrelated on the level of natural communities, which
together account for about 95 percent of all the scientific content in
TWAS. As little as 5-6 percent is left to physical sciences, which only
give the most general idea of the diversity of matter and the proper-
ties of the three main states of matters. Meanwhile, the TIMSS-2015
tests asked fourth-graders to demonstrate the following knowledge
and skills in physical science [Ibid.]:

« Compare and classify objects and materials by their physical prop-
erties (weight/mass, volume, state of matter, thermal or electrical
conductivity, whether an object sinks or floats in water);

« Know the properties of metals (electrical and thermal conductivi-
ty) and relate them to metal applications;

+ Give examples of mixtures and explain how they can be separat-
ed into ingredients using physical methods (screening, filtering,
evaporation, or magnetism);

+ Know ways of speeding up the rate of dissolving matters in a giv-
en amount of water (heating, stirring, increasing surface area) and
compare concentrations of two solutions with differing amounts of
solvent/solute;

+ Recognize the observed transformations of substances that re-
sult in new substances with different properties (decay, burning,
rusting, boiling);

« Associate familiar physical phenomena (shadows, reflection, rain-
bow) with the properties of light;

Voprosy obrazovaniya / Educational Studies Moscow. 2018. No 1. P. 79-109



https://vo.hse.ru/data/2018/03/28/1164927097/04%20Pentin.pdf

A. Pentin, G. Kovaleva, E. Davydova, E. Smirnova
Science Education in Russian Schools as Assessed by TIMSS and PISA

Fig. 3. Russian Fourth-Graders’ TIMSS-2015 Scores in Three Content
Domains of Science (International Scale Average)
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(Grade 4)
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« Know that vibrating objects can produce sound;

« Know that magnets have “north” and “south” poles, that like poles
repel and opposite poles attract;

+ Know that electrical energy in an electric circuit can be converted
into other forms of energy, e. g. light and sound;

« Explain that a closed electric circuit is required for the operation of

simple electrical systems, e. g. a pocket lantern;

Know that forces (pushing or pulling action) can change the direc-

tion of motion and compare the effects of forces of different mag-

nitudes when they are directed the same or oppositely.

This list of knowledge and skills specified in the TIMSS Physical Sci-
ence Module but lacking in the Russian program is nowhere near com-
plete. There is much more matching in biology and geography, but
even here, for example, the extensive topic of “Life Cycles, Repro-
duction, and Heredity” is not represented in the Russian “The World
Around Us” course. For the complete list of TIMSS topics lacking in
the Russian science curriculum, see, for instance, [Demidova 2017].

The TIMSS-2015 results of Russian fourth-graders in three con-
tent domains of science are shown in Figure 3 [Center for Education
Quality Assessment, Institute for Strategy of Education Development,
Russian Academy of Education 2016b].

Russia is among those countries with the lowest allocation of sci-
ence education time in elementary school. Russian pupils receive
slightly under 50 hours of science education per annum in the fourth
grade, as compared to 96 hours in Singapore, 92 in South Korea, and
91 in Japan. Besides, there are countries that allocate significant-
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ly more time to science education for elementary pupils than Russia:
162 hours in Portugal, 161 in Chili, 135 in Qatar, 110 in Georgia [Mar-
tin et al. 2016]. However, they are not ranked among the top TIMSS
performers (see Table 1).

To summarize the phenomenon, Russian pupils do not study much
of whatis assessed in TIMSS and what is part of the science curricula
in most countries. In addition, elementary schools in Russia allocate
much less time to science education than most countries. Howev-
er, Russian fourth-graders are among the highest achieving students
in the TIMSS ranking, which means they succeed in performing the
tests of this international study.

How can this phenomenon be explained? The report [Center for
Education Quality Assessment, Institute for Strategy of Education De-
velopment, Russian Academy of Education 2016b] identifies the fol-
lowing factors that differentiate Russian fourth-graders from their for-
eign peers (data was obtained from surveys of students, their parents,
teachers and administrators of the participating schools):

1) Russian fourth-graders (aged 10.8 on average) are more than
six months older than their peers in the other participating coun-
tries (whose average age is 10.2), with the exception of two coun-
tries, Norway and Denmark. Empirical studies have proved that
fourth-graders’ scores in PIRLS (reading literacy) reveal an obvi-
ous correlation with pupil age even when the difference is as small
as a few months [Van Damme et al. 2010];

2) The level of education of elementary school graduates’ parents in
Russia is one of the highest in the world;

3) Russian parents are ranked first in the amount of time devoted to
preschool home education activities;

4) Ninety-three percent of Russian fourth-graders do their home-
work every day, which is only second to Kazakhstan and Japan
(94 percent in both);

5) Russian parents render a great deal of support to their children in
learning: 72 percent of parents make sure their children do their
homework on a daily basis, which is also one of the highest rates
across all the participating countries;

6) Russian elementary school teachers are among the oldest ones:
81 percent of teachers are aged above 40 (as compared to the in-
ternational average of 58 percent), and only 5 percent are young-
er than 30. An average Russian teacher has 25 years of teaching
experience, and 78 percent have been teaching for more than two
decades, as compared to the international average of 17 years (15
years in the top-ranking countries). Elementary school teachers in
Russia are 100 percent female, while the other countries have on
average 18 percent of male teachers;

7) In all the countries, pupils who like studying natural sciences
demonstrate on average better performance. However, the cor-

Voprosy obrazovaniya / Educational Studies Moscow. 2018. No 1. P. 79-109
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relation is not applicable to a number of countries including Rus-
sia: 58 percent of Russian fourth-graders who liked the TWAS
course scored only 4 points higher in TIMSS than the eight per-
cent of children who did not like the class. Moreover, the propor-
tion of Russian pupils who like natural sciences has even dropped
from 62 to 58 percent since 2011;

8) Eighty percent of pupils in Russia are fully engaged in science les-
sons (as compared to the international average of 69 percent) and
18 percent show weak engagement (the international average is
25 percent). No difference was observed in the results between
the two groups.

Naturally, these factors are not enough to explain the observed phe-
nomenon of Russian fourth-graders’ excellent performance in sci-
ence. However, they reveal the grounds for a simple and rather ob-
vious hypothesis: with regard to Russian fourth-graders, the TIMSS
Science test measures the quality of extracurricular education rather
than that of education in the classroom.

Apart from the lack of many TIMSS topics in TWAS and the small
amount of time allocated to science education, the hypothesis is sup-
ported by the following:

+ Russian fourth-graders are older than their peers in other coun-
tries (point 1), which means they have slightly more life and learn-
ing experiences;

« Parents devote more time to the education of their children (points
3 and 5) and have high levels of education themselves (point 2);

+ There is almost no difference in the scores between children who
like science lessons and those who do not (point 7) as well as be-
tween pupils who engage more and less in the learning process
(point 8);

+ Although the interest in science lessons has decreased since 2011,
the TIMSS results have improved (see Fig. 2);

« Itis hard to expect from Russian elementary school teachers, who
are older than their foreign colleagues (point 6), that they will ap-
ply advanced science teaching methods to compensate for con-
tent deficiencies.

Of course, all of this raises a question, where do elementary pupils
get their science knowledge from, if not from school lessons? And
why could Russian pupils find themselves in a more advantageous
position than students in most other countries? The answer to these
questions implies in-depth analysis of the learning environment (in its
broad sense) of this age group, which obviously includes family, the
system of supplementary education (which is well-developed in Rus-
sia), and science fiction TV shows and cartoons. It could be that the
inadequate science component of elementary school education has
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569

Fig. 4. Russian Fourth-Graders’ Scores in TIMSS Tests
Assessing Scientific Thinking in Various Cognitive Domains
(International Scale Average)
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had a positive effect by making room for children’s natural curiosity
beyond the school walls.

The TIMSS also discriminates between tests assessing scientific
thinking in different cognitive domains: reproducing factual knowledge
(“knowing”), applying knowledge in real-life contexts (“applying”), and
explaining phenomena or describing one’s own observations (“reason-
ing”) [Demidova 2017]. Russian fourth-graders tend to perform better
in knowing and applying (Fig. 4) [Center for Education Quality Assess-
ment, Institute for Strategy of Education Development, Russian Acade-
my of Education 2016b], while the reverse is true for the three countries
ranking above Russia (see Table 1), where pupils are more success-
ful in reasoning. Perhaps, this effect is also a consequence of the ex-
tracurricular nature of science education in Russia. Children absorb
information and knowledge from various sources easily but are less
likely to learn systematically how to explain, reason, or solve problems.

Figure 5 shows the contribution of different thinking processes
to the overall improvement in TIMSS results between 2011 and 2015.
Reasoning appears to have improved most of all (+19 points). Devel-
opment of the cognitive skills that can be listed in the “reasoning” do-
main—make inferences, determine relationships between objects,
analyze information, and create simple models—is defined by the new
standard of elementary education (Federal State Education Standard
of Elementary Education), introduced in 2011, as expected educa-
tional outcomes. Such meta-subject skills could manifest themselves
in science performance. However, by promoting the development of
a number of qualities required for scientific reasoning, the standard
does not eliminate the deficiencies in the content of science educa-
tion in Russian elementary schools.

Voprosy obrazovaniya / Educational Studies Moscow. 2018. No 1. P. 79-109
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Fig. 5. The Contribution of Different Cognitive Skills to the
Improvement in TIMSS Results Between 2011 and 2015
(Points on a 1,000-Point Scale)
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Analysis of Russian fourth-graders’ TIMSS-2015 scores and the
changes in them provides the grounds for identifying the reforms that
science education in Russian elementary schools needs in order to
conform to the present-day standards of teaching science to elemen-
tary pupils. Such reforms should not be limited to expanding curricula
by including new content modules. Children of this age group happi-
ly obtain most of the knowledge lacking in the curriculum beyond the
school walls. Consequently, changes should just as much, or even to
a greater extent, affect science teaching methods, redesigning them
to maintain and encourage pupils’ curiosity and natural desire to ex-
plore nature.

Why PISA and Another curious feature of science education in Russian schools that
TIMSS Results reveals itself in the international assessments consists in the huge gap
Differ That Much between results in PISA (15-year-old students) and TIMSS (eighth
grade). Indeed, while Russia was ranked in thirties with a below-av-
erage score in PISA 2015 [OECD 2016; Center for Education Quali-
ty Assessment, Institute for Strategy of Education Development, Rus-
sian Academy of Education 2016a], Russian students ranked seventh
in TIMSS-2015 with a score high above the average [Martin et al.
2016]. A similar pattern was observed in the previous cycles of both
assessments. For analysis of the differences in Russian school stu-
dents’ results in mathematics and science between PISA-2003 and
TIMSS-2003, see [Kovaleva 2006], and between PISA-2006 and
TIMSS-2007 [Polivanova 2015].
To ensure a meaningful comparison, it makes sense to examine
only the countries that participated in both studies in 2015. In Table 2,
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Table 2. Science Performance in Countries that Participated in
PISA-2015 and TIMSS-2015 (Grade 8)

PISA TIMSS -

# Country Score i RANK Score ¢ RANK | RANK

1 Canada 528 4 526 12 8
"""""" 2 Newzealand 513 . 7 53 . 15 8
"""""" 3 Austala 50 0 9 52 16 5
............ T 498 S o T
............ S 447 S e S
............ S 431““@ s o o R
53 @ 5 546 6 1
8 Malta 465 20 481 o -
............ e . e
.......... L T S - P
........... e s - e
.......... e P S B e
""""" 13 Thailand | 421 . 24 456 . 24 | 0
""""" 14 Geoga | 41 . 26 443 . 26 0
.......... o 409,‘,‘,2 S e e
""""" 16 Lebanon 386 28 398 . 28 0
""""" 17 Sweden 493'”‘@ " 522 13 a4
.......... S 467,‘,‘@ o - e .
516 6 556 e 2
500 10 537 (England) . 8 | -2
503 . 11 530 9 2
22 Qatar e % 457 3 2
""""" 23 Slovena 513 . 8 51 . 5 -3
""""" 24 United States 496 .~ 13 50 . 10 -3
......... e o 425,‘,‘,§ o o o .
""""" 26 Litwania 475 - 18 59 . 14 @ -4
o7 Hungay a7 o s f 6
""""" 28 Russian Federaton = 487 = 15 544 7 8
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these countries are listed using the rank-ordering method suggested
in [Grgnmo, Olsen 2006].

The rankings in Table 2 are determined by the relative position of
these 28 countries in both studies. The countries are sorted by the de-
creasing difference between their ranks in PISA and TIMSS, positive
numbers corresponding to higher rank in PISA.

Most countries appear to have close results in both assessments
(the difference in rank being 2 at the most), the top-rankers in both
PISA and TIMSS being Singapore, Japan, and Taiwan. Russia, Can-
ada, and New Zealand show the greatest difference in ranks, but Rus-
sia scores better in TIMSS, in contrast to Canada and New Zealand.

What are the reasons for such a wide gap between Russian school
students’ science scores in TIMSS and PISA, and what inferences
about science education in Russian schools can be made based on
this difference? It is unlikely that the key lies in the age difference of
12-18 months or a sharp decline in quality of science education be-
tween the eighth and ninth grades, although these hypotheses need to
be tested, too. A more plausible assumption is that TIMSS and PISA
goals and, consequently, instruments are profoundly different and,
crucially, that this difference has become critical in the polarization of
advantages and disadvantages of Russian school science education.

The TIMSS and PISA approaches to student assessment and per-
formance of different countries in these two assessments have been
compared in a number of studies, e.g. [Olsen 2005; Grgnmo, Olsen
2006; Hutchison, Schagen 2007; Tyumeneva, Valdman, Carnoy 2014;
Polivanova 2015; Carnoy et al. 2016; Klieme 2016]. However, most of
these, with the exception of [Olsen 2005], have been based on ana-
lyzing the mathematical competencies of students in both TIMSS and
PISA. The aim of TIMSS is defined as to assess knowledge and skills
acquired as a result of learning mathematics and science [Martin et
al. 2016]. Otherwise speaking, TIMSS demonstrates how students
assimilate mathematic and scientific material from the perspective of
some international standards agreed among the participating coun-
tries. The aim of PISA with regard to science is defined in a different
way: to study and measure scientific literacy of students. PISA doc-
uments (e.g. [OECD 2016; Center for Education Quality Assessment,
Institute for Strategy of Education Development, Russian Academy
of Education 2016a]) define scientific literacy by the three competen-
cies to: explain phenomena scientifically; evaluate and design scien-
tific enquiry; and interpret data and evidence scientifically. Of no less
importance—this is also part of the definition—is that these compe-
tencies are needed for students to be informed critical consumers of
scientific knowledge and engage in critical discussion about issues
that involve science and technology [OECD 2016]. Thus, PISA is de-
signed to assess how successfully scientific competencies are ap-
plied to real-life problems and contexts—relevant but extending be-
yond the school curriculum.
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Fig. 6. Russian Pupils’ Results in Subjects and Content Domains of
TIMSS-2015 and PISA-2015 (International Scale Average)
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The differences in the aims of TIMSS and PISA determine the
differences between their tests (instruments). In terms of content,
TIMSS tests for the eighth grade are classified distinctly by the sub-
ject assessed, while PISA tests fall into three scientific fields—“living
systems”, “physical systems”, and “earth and space systems”—that
do not fit precisely into the school subjects. Yet, the fit is rather close
between “life science” (TIMSS) and “living systems” (PISA), “physi-
cal science” (TIMSS) and “physical systems” (PISA), “earth science”
(TIMSS) and “earth and space systems” (PISA). Russian pupils’ re-
sults in subjects and content domains of both assessments are shown
in Figure 6 [Center for Education Quality Assessment, Institute for
Strategy of Education Development, Russian Academy of Education
2016c¢; Center for Education Quality Assessment, Institute for Strate-
gy of Education Development, Russian Academy of Education 2016a].

Perhaps, the only thing that these results have in common is lower
performance in biology (life science / living systems) as compared to
the average scores of Russian pupils in both TIMSS and PISA. Mean-
while, performance in this domain contributes a lot to the overall test
score, accounting for the best part of tests in both studies: 36 per-
cent of the TIMSS assessment focus on life science, and 40 percent
of PISA is about living systems. Today, out of the three scientific sub-
jects (physics, chemistry, biology) only biology is studied throughout
the whole period of middle school in Russia (5th-9th grades) and it re-
ceives the greatest number of teaching hours during this period, as
compared to physics and chemistry. However, the effects observed
are rather negative.
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Fig. 7. Russian Pupils’ Science Scores in TIMSS and PISA,
broken down by Cognitive Domains and Competencies
(International Scale Average)
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It is much harder to compare TIMSS and PISA by the types of
competencies that they assess, as their tests are classified on essen-
tially different bases. The TIMSS embraces the cognitive domains of
“knowing” (reproducing factual knowledge and applying it in stand-
ard learning contexts), “applying” (applying knowledge in more com-
plex contexts), and “reasoning” (explaining phenomena or describ-
ing observations and experience). The PISA, in its turn, is designed
to assess three competencies: “explain phenomena scientifically”,
“evaluate and design scientific enquiry”, and “interpret data and ev-
idence scientifically”. Figure 7 presents Russian students’ results in
both studies, broken down by cognitive domains and competencies
[Center for Education Quality Assessment, Institute for Strategy of Ed-
ucation Development, Russian Academy of Education 2016c; Center
for Education Quality Assessment, Institute for Strategy of Education
Development, Russian Academy of Education 2016a].

TIMSS tests were analyzed in the “coordinates” of PISA-assessed
competencies in order to establish the correspondence between the
two studies. It was possible to conventionally classify about 45 percent
of TIMSS tests under the “explain phenomena scientifically” compe-
tency (as compared to 48 percentin PISA), about 5 percent of TIMSS
tests under the “evaluate and design scientific enquiry” competency
(21 percent in PISA), and about 9 percent of TIMSS tests under the
“interpret data and evidence scientifically” competency (31 percent in
PISA). The remaining roughly 40 percent of TIMSS tests do not fit into


http://vo.hse.ru/en/

THEORETICAL AND APPLIED RESEARCH

Table 3. The Main Differences in Science Questions
Between TIMSS and PISA

. TIMSS . PISA

1 Normally offers a standard, formalized Normally offers a novel, unfamiliar real-life
© context © context

2 | The amount of information that needs i The amount of information that needs to be

to be processed to answer the question : processed to answer the question is considera-
¢ is small, fitting easily into the familiar, ~ : ble; this information rather resembles a

“What is known?” scientific or science fiction text than a typical
school problem setting

3 | Items are isolated and include one or Items are grouped into topical modules, most
two questions of which include from 3 to 5 tasks interconnect-
ed by some kind of a plot

4 i Few items (5 percent) assess how One fifth (21 percent) of the items assess how
students evaluate and design scientific : pupils evaluate and design scientific enquiry
enquiry

5 i Very few items imply analysis of data : A number of items involve the handling of

¢ from graphs or tables; the graphs look : real-life scientific data presented as graphs,
perfect instead of being drawn using tables, or diagrams
test points

6 : Very few items touch upon environmen- : Over one third of all items touch upon
tal issues environmental issues one way or another

the PISA competency-based classification at all. Most of this 40 per-
cent is represented by the so-called reproductive tasks, when a stu-
dent only needs to reproduce the relevant piece of scientific content
to answer a question, e.g. assign an animal with described charac-
teristics to one of four taxonomical groups offered or say which type
of energy is possessed by a compressed spring by choosing the cor-
rect answer from the four options. For a detailed analysis of TIMSS
tests, see [Kamzeeva 2017].

The inverse procedure, i.e. analysis of PISA tests in the “coordi-
nates” of TIMSS-assessed cognitive domains, shows that nearly all
PISA tests can be classified under “reasoning” (although the bounda-
ry between “reasoning” and “applying” often looks rather convention-
al), which has been revealed by researchers comparing the TIMSS
and PISA approaches to mathematical literacy assessment [Gron-
mo, Olsen 2006].

Therefore, the two studies overlap in the cognitive domains and
relevant competencies only partially, by roughly 60 percent if judged
from the PISA’s perspective. However, it is probably not this factor
that determines the main difference between TIMSS and PISA test
questions. Item comparison between both assessments allows for
identifying a number of additional differentiating parameters (Table 3).
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It would appear reasonable that all these differences together are
responsible for the gap in Russian pupils’ results between TIMSS
and PISA. To put it another way, it is the specified characteristics of
PISA items that explain difficulties experienced by Russian school stu-
dents. One may suggest a number of reasons behind such difficul-
ties, like the insufficient level of teacher knowledge. However, Mar-
tin Carnoy and his colleagues [Carnoy et al. 2016] have proved that
the level of teacher knowledge has an insignificant effect even on the
TIMSS scores of Russian pupils in mathematics, although the content
of TIMSS tests is quite in line with the Russian standards here. As for
PISA, the authors believe that a number of competencies (understand
and interpret texts, model real-life contexts mathematically) required
to solve PISA items in mathematics have never been taught in Rus-
sian schools. It means that PISA results cannot be regarded as an in-
dicator of Russian teachers’ knowledge, as developing those compe-
tencies has never actually been part of their education or experience.

Probably, neither is teacher knowledge a decisive factor in pupils’
TIMSS and PISA scientific achievements. In recent years, a series of
studies have sought ways of increasing teacher influence on the ac-
ademic performance of students, in particular they have discussed
possible domains of teacher training to improve the development of
scientific literacy among students [Pentin 2012]. A number of factors
potentially affecting PISA performance have been identified, teaching
methods being one of the most important of these [Kovaleva, Logino-
va 2017]. Student-centered teaching practices can be more useful for
PISA results than the teacher-centered approach. However, Russian
schools have been using passive learning methods much more ex-
tensively so far. In addition, Russian science education curricula, text-
books, and assessment instruments have the characteristics typical of
TIMSS items (left column of Table 3), attending little to the tasks and
material presenting methods applied in PISA (right column of Table 3).

The peculiar features of PISA items are not important so much
per se; rather, they act as concrete indicators of science education
orientation toward the development of scientific literacy. At the same
time, the perceptions of the aims and expected outcomes of TIMSS
and PISA do not have to be opposed to each other. The performance
of such countries as Singapore, Japan, and Taiwan demonstrates the
possibility of being equally successful in both (conventionally) ap-
plied and pure mathematics, assessed by PISA and TIMSS, respec-
tively. Having analyzed the test results of pupils from Singapore, Ja-
pan, and Taiwan—outstanding in both assessments—Liv S. Grganmo
and Rolf V. Olsen come to a conclusion that “mathematics in school in
the East Asian countries to a great extent focus on pure mathematics
in all topics, while at the same time they also give some attention to
the full cycle of applied mathematics” [Grganmo, Olsen 2006]. And fur-
ther: “Our analysis and comparisons between TIMSS and PISA sup-
port that in order to do well in daily life mathematics, students need a
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basis of knowledge and skills in pure mathematics. <...> This indicates
that it is important in school curriculum that mathematical literacy is
not seen as an alternative to pure mathematics. A reasonably high lev-
el of competence in pure mathematics seems to be necessary for any
type of applied mathematics. On the other hand, if too little attention
is given to the full cycle of applied mathematics, it is unlikely that stu-
dents will develop the type of competence we may call mathematics
literacy.” The inferences that Grenmo and Olsen made about mathe-
matics seem to be entirely applicable to natural sciences.

The root of problems that Russian pupils tend to have with PISA
items is apparently that students (as well as teachers) deal little with
even raising the question of applying scientific knowledge and skills
to solve real-life problems. Meanwhile, the very use of real-life con-
texts determines nearly all the peculiarities of the PISA tasks present-
ed in Table 3, because:

+ A real-life context needs a detailed description, which entails the
need to understand and process all the related information;

+ The problem contained in the context normally falls into a se-
quence of consecutive problems or sub-problems, which is cap-
tured in the way PISA items are grouped into topical modules;

« Areal-life problem often needs a researcher’s approach, analysis
and interpretation of data available;

+ Real-life contexts that make sense for every member of society,
including students, often have to do with environmental issues and
human health (the “living systems” content domain).

Russia’s performance in the other two PISA categories, mathematical
and reading literacy, has been improving very rapidly. In maintaining
high positions in TIMSS, i.e. “pure” mathematics (ranked 6th), Rus-
sian school students have shown considerable progress in applied
mathematics, or mathematical literacy, over the latest two PISA cycles
(between 2009 and 2015). This achievement, just like the improved re-
sults in reading literacy, is sometimes attributed to the newly integrat-
ed education standard. Indeed, the education quality requirements
stipulated in the Federal State Education Standard of Middle School
Education often echo the competencies assessed in PISA. However,
the same educational outcomes are expected in natural sciences, yet
there has been no progress in PISA-assessed scientific literacy (see
Fig. 1). Possibly, the problem here lies in the disintegration among
teachers of different scientific disciplines and their understandings of
the present-day objectives of science education in school.

By now, we have identified a number of factors describing sci-
ence education in Russian schools and potentially affecting how pu-
pils score in TIMSS and PISA. Further research must revolve around
finding correlations between these factors and TIMSS and PISA re-
sults.
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What Do Russian
High School
Students’ Scores in
Advanced Physics
Indicate?

Table 4. Results in TIMSS Advanced (Advanced Physics)

; Years of
¢ Average Coverage Formal Average

Country i Score i Index i Schooling : Age

1 Slovenia 531 (2 5) 76 percent 13 18,8
2 Russian Federation 508 (70)  49percent 1 17
3. Norway e 507 (4 6) 5 5 pemem 13 '13 3

HTIMSS Scale Averageu?.soo . -
4 Portugal 4676y  Stpewent 2 180
Wé'sweden S Nf“455 (5 9) 4 3 pemem.‘,f.‘.‘.‘,‘,‘,{é‘,‘,‘ . "13 3
Wé.Umted States 437 (9 7) 4, 4 8 percent 12 . H .‘18 1
.‘,‘,.%.Lebanon 410 ( ) 3 g e 12 "173%
Wé'|ta|y 374 (5,9) 4, 3 2 percem“'fwwiém . . "13 g
9 France. ST 373(40) 21 5 percemm "13,0'””

1 Country average statistically significantly higher than Russia’s average.

= No statistically significant differences between country average and Russia’s average.
4 Country average statistically significantly lower than Russia’s average.

() Standard error of measurement

TIMSS Advanced is designed to assess final year high school stu-
dents’ performance in advanced physics. Therefore, results in this test
can be treated as a small though important fragment in the big picture
of science education in school shaped by international studies. Only
nine countries participated in TIMSS Advanced in 2015, and Russia
scored second highest (Table 4) [Mullis et al. 2016].

The sample of Russian students consisted of eleventh-graders (fi-
nal year students) who had at least four lessons of physics per week.
The key test results contained in the report [Center for Education Qual-
ity Assessment, Institute for Strategy of Education Development, Rus-
sian Academy of Education 2016d] are largely in line with expecta-
tions and thus come as no surprise, except for the steady decrease
in Russia’s average score over the last three assessment cycles: in
1995, 2008, and 2015. However, a considerable decrease has been
observed in all the participating countries except the U.S. and Slove-
nia. The reasons for the negative trends are yet to be established, but
for Russia specifically, one of the factors could be the increased cov-
erage index, which indicates the percentage of young people enrolled
in advanced physics programs or tracks in the country’s population of
the given age group. The coverage index was 1.9 percent in 1995, 2.6
percentin 2008 [Mullis et al. 2009], and 4.9 percentin 2015, i.e. near-
ly twice as high as in 2008. Of course, the hypothesis about the cov-
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Fig. 8. Results of Russian Eleventh-Graders’ Enrolled in
Advanced Physics Programs and Tracks, broken down by
Content and Cognitive Domains (International Scale Average)
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erage index affecting average scores needs to be tested, but the in-
crease in the number of students enrolled in advanced physics tracks
probably indicates an increase in the number of advanced physics
classes and teachers within that period. It is not inconceivable that
“newly-arrived” teachers of advanced physics did not have enough
knowledge and experience at the beginning, which could result in
lower levels of student attainment. Anyway, analysis of the reasons for
the negative trend in physics in the three cycles of TIMSS Advanced
would be one-sided without considering the change in the percent-
age of high school students enrolled in advanced physics programs.

Results in advanced physics reveal some general peculiarities and
deficiencies of science education in Russian schools. In particular,
they can be seen from the data on TIMSS Advanced performance in
different content and cognitive domains assessed (Fig. 8) [Center for
Education Quality Assessment, Institute for Strategy of Education De-
velopment, Russian Academy of Education 2016d].

In 2015, Russian high school students scored lower in atomic/nu-
clear physics than in other content domains. One of the possible ex-
planations is that the relevant domain (usually referred to as “quantum
physics”) in the Russian advanced physics curriculum is currently the
least covered. A very small proportion of USE items focus on quan-
tum physics (Table 5). Conversely, TIMSS Advanced is focusing more
and more on this domain at the expense of “mechanics”. This bal-
ance of the TIMSS Advanced body of tests captures the important
trend in physics and other branches of scientific education, which
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Table 5. The Distribution of Items among Physics Content Domains in
TIMSS Advanced 2008 and 2015 and in USE-2017

| TIMSS Adv 2008 : TIMSS Adv 2015 © USE-2017

Mechanics 29% 40% . 30-35%

Molecular physics and thermodynamics 24% ; i 23-25%
Electrical dynamics 29% : 25% ¢ 30-35%
Atomic/nuclear physics 19% 35% 13-16%

consists in increasing the percentage of the latest scientific knowl-
edge in the content of school classes, especially advanced programs.
Indeed, the modern-day avenues of fundamental research (e. g. par-
ticle physics or quantum gravity) and advances in technology innova-
tion (e.g. quantum computers, nanotechnology, nuclear and thermo-
nuclear fusion physics) require competence in quantum physics in the
first place, which cannot but be considered in the curriculum of ad-
vanced school programs.

Curiously, it was in atomic/nuclear physics that Russian elev-
enth-graders scored better in TIMSS Advanced in 2008 [Mullis et al.
2009]. Perhaps, the focus on the domain decreased between 2008
and 2015 due to adopting a more pragmatic orientation toward the
USE requirements and structure. Simple estimates show that if the re-
sults of Russian students had been as high in “atomic/nuclear phys-
ics” as they were in “mechanics and thermodynamics” and “electrici-
ty and magnetism” in 2015 (they used to be even higher in 2008), the
average score would have risen to 516-517 and would not have dif-
fered significantly from that of 2008.

Russian eleventh-graders perform much better in reproducing
knowledge than in tests which assess applying and, even more so,
reasoning (see Fig. 8). The distribution of TIMSS Advanced 2015
items among these cognitive domains looks as follows: 30 percent
in “knowing”, 40 percent in “applying”, and 30 percent in “reason-
ing”. However, this distribution appears to be questionable at times.
It is quite understandable when constructed-response items asking
students to explain, substantiate, or prove something using their own
words are classified under the “reasoning” domain. In a number of
cases, however, the same domain is assigned in TIMSS Advanced
to multiple-choice or short-response items as well. Of course, some
kind of internal reasoning always precedes any decision or inference,
but classifying such items under the cognitive domain of “reason-
ing” makes the very boundaries of TIMSS Advanced thinking pro-
cesses too ambiguous. Nonetheless, the results on advanced physics
confirm that science education in Russian schools is oriented toward
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Conclusion

teaching students to reproduce their knowledge much more than to
apply this knowledge or interpret evidence scientifically.

There is hardly any single factor on which to blame the decrease
in Russia’s average score on advanced physics over the three cycles
of TIMSS Advanced (1995, 2008, and 2015). A comparison of TIMSS
Advanced data between 2008 and 2015 does not confirm, for instance,
the opinion that students have become less interested in physics and
physics-related professions. In fact, the opposite is true: the percent-
age of students selecting engineering and computer sciences as their
future majors among Russian eleventh-graders enrolled in advanced
physics tracks increased between 2008 and 2015, contrary to those
who chose to major in finance and business [Mullis et al. 2009; Center
for Education Quality Assessment, Institute for Strategy of Educa-
tion Development, Russian Academy of Education 2016d]. Probably,
the negative trend in TIMSS Advanced performance has to do with
other factors, such as the increased number of students enrolled in
advanced physics programs or the decreased focus on the specific
content domains which are given ever more attention in the TIMSS
Advanced assessment.

A review of Russian school students’ science performance in the inter-
national assessments of educational quality in 2015—TIMSS for the
fourth grade, TIMSS for the eighth grade, TIMSS Advanced for the
final grade, and PISA—allows for drawing some conclusions.

Analysis of not only the results but also the frameworks of these
studies, developed through a process of collaboration among the par-
ticipating countries, reveals that the content and methods of science
education in Russia are neither unique nor unorthodox, being basical-
ly consistent with the global trends.

At the same time, the Russian approach to teaching natural
sciences is rather centered around reproducing knowledge than ap-
plying it or learning to design scientific enquiry and interpret evidence
scientifically. This peculiarity (which has probably developed histori-
cally) manifests itself as early on as in elementary school (see Fig. 4),
becomes more conspicuous in the eighth grade (see Fig. 7), and per-
sists even in students who choose science (physics) as their major
(see Fig. 8). While the TIMSS results only reveal some minor falling
behind in “reasoning” and “applying” as compared to “knowing”, the
overall level of science education being pretty high, in PISA this “pe-
culiarity” becomes a sore point, which shows itself in the lack of scien-
tific literacy among 15-year-old students, who find it the most difficult
to understand the practices and procedures associated with scientif-
ic enquiry (see Fig. 7).

A separate issue in science education is how biology, or the con-
tent domain of “living systems” in PISA terms, is taught in Russian
schools. According to the TIMSS data, Russia’s average score in bi-
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ology is somewhat better than in other content domains in elementary
school (see Fig. 3), which should come as no surprise since virtually
no material on other scientific subjects is contained in the TWAS cur-
riculum. However, pupils begin to fall behind in biology as compared
to other scientific subjects by middle school (see Fig. 6). The PISA
“living systems” items present even more difficulty to Russian pupils as
most of them fall under the competency “evaluate and design scien-
tific enquiry”, which has been the least developed in Russian school
students (see Fig. 7). The main difficulty with learning biology probably
stems from its content in the Russian curriculum, which mostly consist
of descriptions overloaded with information that is hard to make sense
of. Meanwhile, students do not develop any good idea of the methods
of scientific enquiry that are needed to acquire knowledge in biology.

The results of TIMSS Advanced (advanced physics) indicate that
it is not only high school physics but other sciences as well that need
their curricula to be modernized to focus more on the recent scientif-
ic findings, methods of scientific enquiry, and new technology. Only
then will school education satisfy society’s growing demand for engi-
neering and research professionals to ensure the development of the
innovation economy.

International assessments also serve as indirect evidence of the
effectiveness of making science education in school continuous. Most
developed countries in the world make it imperative that science be
part of the curriculum from the first year of elementary school through
to the final year of high school, whether as an integrated course or
as a set of systematic disciplines. Throughout the whole period of
schooling, science education should always include modules of phys-
ical science, life science, and Earth science. In this regard, Russia is
definitely at a disadvantage. Under the FSES of Middle School Edu-
cation, there is no integrated course of science in the fifth and sixth
grades, only biology and geography. Meanwhile, it is at the age of 10—
12 (which corresponds to the fifth and sixth grades in Russia) that chil-
dren become highly inquisitive, eager to explore nature, try out and
even devise curious experiments. Normally, it is mostly at this age that
students develop actively their first research skills and learn the fun-
damentals of scientific literacy and a scientific worldview, all of this be-
ing done within the framework of the integrated course “Science”, an
analogue of which used to exist in the Russian (Soviet) curriculum for
many years. One-lesson-per-week courses in biology and geography
cannot solve this problem completely, as they do not allow for setting
up a sufficient number of short laboratory investigations demonstrat-
ing the specific aspects of the scientific method of enquiry. Besides,
the two- or three-year gap in full-fledged science education (Russian
students only start learning physics in the seventh grade, and chem-
istry in the eighth grade) results in a lot of students losing their interest
in natural sciences and even forgetting the basic scientific knowledge
and skills obtained in elementary school as part of the TWAS course.
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One of the main conclusions that can be drawn from the results of
the international assessments is that it makes no sense to oppose the
rich traditions of Russian education and the modern trends in foreign
education, nor does it make sense to oppose fundamental and ap-
plied knowledge. This is evidenced by the example of some East Asian
countries that demonstrate outstanding science achievements in both
domains. Applied learning means that fundamental (purely theoreti-
cal) knowledge is applied to solve real-life (practical) problems. To
make science education in Russia more “applied”, it is necessary to
ensure a higher quality and a wider range of problems that are pre-
sented to students. It does not require attracting enormous resourc-
es but naturally implies enhancing the teaching methods associated
with the diverse forms of working with these new types of problems.

The novelty of these findings is that they bring together interna-
tional assessment data on the quality of science education in Russia
at all levels of school education for the first time, making it possible
to see the general regularities and problems of science education in
school and to identify some of the factors affecting the performance
of Russia in TIMSS, PISA, and TIMSS Advanced.

However, the article does not provide any final conclusions about
Russian school students’ science performance in the international as-
sessments; rather, it suggests hypotheses that can be tested in sub-
sequent studies.
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