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The Russian Uniform State Examination in Mathematics: The Latest Version

Albina Marushina

Teachers College Columbia University

This paper aims to tell how the Russian national examination in mathematics (the Uniform State Examination
or USE) has been conducted most recently. The author must say at once that the history of the system of
secondary school graduation examinations or even the history of the USE will be covered only to the small
degree that is necessary for understanding the current situation (more information can be found in Karp &
Zvavich, 2011; Karp, 2007; Karp, 2003; these papers also served as a resource for writing the introductory
sections of this paper). The goal of this paper looks modest, particularly given that the format of the USE
obviously is subject to change; the USE, however, is so important for the Russian mathematics education, and
the current situation is so typical of the challenges that are confronted in conducting assessment on the national
level, that this situation deserves to be analyzed in considerable detail.

Keywords: Russian education, national examinations, graduation examinations, mathematics assessment items.

Secondary School Graduation Examinations
in the USSR and Russia

There has never been a national examination in the
United States and introducing such an examination would
hardly be possible without a major change in the laws and
(probably more importantly) in national psychology. The
case is very different in the USSR, where such an
examination emerged in the 1930s, when fundamental
counter-reforms in education were conducted. These
counter-reforms cancelled all of the innovations that had
appeared after the Revolution of 1917 and effectively, at
least partly, brought the country’s education back to pre-
Revolutionary approaches (Karp, 2010). At first, the
problems for this examination were written in each of the
country’s regions, but starting in the mid-1940s, all
problems began to be written in Moscow for the entire
country. This national examination for graduating students
co-existed with entrance examinations to institutions of
higher education. These entrance examinations were
conducted by each institution separately (although each of
them had to report the results of the examinations to the
Ministry to which it belonged).

Typically, there was a small number of problems—4,
5, or 6—in the written mathematics graduation
examination (and wusually in the written entrance
examination as well). However, students were required to
provide not only answers, but also extensive and
theoretically and logically sound explanations. Teachers
specifically trained students in giving such explanations
instead of simply giving computations only.

Quickly (even if not immediately), a multitude of
violations of the examination procedures or, to put it
simply, cheating, emerged in the examinations. By the
1970s in some regions these “violations of the procedure”
became truly enormous: the problems on the examination
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could become known to students a few days before the
examination. These problems were discussed by students
in detail; they could receive any consultation, etc.
Correspondingly, the role of examination hardly resulted
in real student assessment. It was limited to providing a
kind of a short form of the standards—tasks and topics that
were included in examinations were considered the most
important.

Eventually, in addition to the “regular” version of the
examination, a version for schools with an advanced
course of study in mathematics emerged (these schools
have a much more enriched and deep curriculum in
mathematics and attract students who are more motivated
and talented in mathematics—Karp, 2011). When
Gorbachev’s perestroika started in 1985, the process of
changing the style and organization of the examinations
became more rapid and effective. In addition to two
versions of the mathematics examination mentioned above,
a new version for schools with an advanced course of
study in the humanities appeared. Even more importantly,
some regions received the right to develop their own
versions of problems, employing other formats than those
traditionally employed (Karp, 2003). Educators in these
regions often reached agreements with higher education
institutions that provided that the graduation examination
would also be counted as an entrance examination, so that
students did not have to take two rounds of examinations.
All these experiments were, however, terminated: by the
end of 1990s, the country’s government approved the idea
of the Uniform State Examination (or, to be precise,
examinations, because this system was introduced not only
for mathematics, but for other school subjects as well).
These Uniform State Examinations were supposed to
replace both graduation and entrance examinations.
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The USE: A Brief History

There were many different attempts to validate the
need for these examinations. Probably, the most frequent
explanation was based on the need to fight against the
corruption from which entrance examinations seriously
suffered. Another popular argument invoked the obvious
need to give gifted students from small provincial towns
and villages the possibility of applying to the best central
universities in the country (one can note here, however,
that the mobility of the population in Russia is
substantially lower than in the United States, and it is not
simply because they cannot come to Moscow to take
entrance examinations—which were supposed to be
replaced by the USE—that students from provincial towns
and villages do not attend universities in Moscow. Rather,
it is because their families cannot afford their living
expenses in Moscow).

Experiments in conducting the USE started in the
early 2000s, and since 2009 the USE has become the only
form of graduation examination. Regarding entrance
examinations, some reservations emerged because a
number of universities—the very best ones—received the
right to conduct additional entrance examinations on their
own. Other institutions of higher education, however,
admit students based on their USE results only.
Technically, they admit students who received the required
number of points in all required examinations (again, a
USE exists in basically every subject).

The written USE in mathematics lasts four hours (240
minutes). Originally, the examination contained three
parts. Problems Al through A10 were multiple choice
assignments. Problems B1 through B11 required a short
answer. Finally, problems C1 through C5 called for a long
answer with all explanations and all work demonstrated
(Karp & Zvavich, 2011). The following problem can serve
as an example of a group A assignment (Nekrasov,
Guschin, & Zhigulev, 2007, p. 5):

{/aj—16_

Simplify the expression Ja .
Ja -4
-4 24 3 2da 40

Multiple choice tasks, however, met with a very
negative reaction from many mathematics educators.

Table 1. Relations between the raw and final scores

Indeed, this form had been criticized for many years in the
Soviet period and even later was never popular.
Correspondingly, there are no multiple choice assignments
on the 2011 examination, and, although it is somewhat
strange, these exams contain only problems of type B and C.

The 2011 Version: Mathematical Content

There are 12 short-answer assignments (B) in the 2011
version of the examination. As a kind of innovation, this
year one can see the appearance of assignments that to
some extent can count as real-world problems. The
following assignment is an example of such a problem
(here and below, the version for display from the site
ege.edu.ru is cited):

The price of a bus ticket was 15 rubles. What is
the greatest number of tickets that can be bought
with 100 rubles after a 20% increase in the price
of a ticket?

The version includes a traditional word problem on
“working together” and a far less traditional problem on
finding the optimal cost of the purchase. There is also a
problem that requires an analysis of a graph and a problem
that makes use of some physics terminology but
mathematically is reducible to solving a quadratic
inequality. In addition, there are also fairly easy
logarithmic and exponential equations, geometry problems
(plane and three-dimensional), and a trigonometry
problem. Also, there are two problems that require use of
the derivative. One involves analyzing a graph, while the
second one is given below.

Find the maximum value of the function

3z 7

¥ =2cosx ++/3x =22 on the interval |:0,_:|.
3 2

It should be noted that 7 out of 12 problems in group
B can be solved by a student who has never taken senior-
level classes—these problems are based on the material
studied in grades 1-9.

Six problems from group C require explanations and
justifications and are more challenging. Two of them are
devoted to geometry—one to plane and another to three-
dimensional geometry. One problem is devoted to
trigonometry, another to exponential or logarithmic
functions. Problem C5 is devoted to solving an equation

Raw score
Final score

% of those who received the score 0.4

1
6

2 3 4 10 11 1227 28
12 18 24 49 52 56 94 96
1.9 28 40 90 90 83 0.1 0.1
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with parameters, and finally, C6 belongs to the theory of
numbers. Let’s consider problem C1:

2
6cos”" x—cosx—2
_ (.
\/—sinx

This problem is the easiest in group C. Its solution,
however, involves a) solving the quadratic equation in
terms of cosx, b) solving basic trigonometry equations,
and c) selecting among all obtained solutions only those
values of x for which sin x is negative. It is important to
mention that although the course for the senior-level
grades (10—11) includes both solving quadratic equations
in terms of cosx and checking whether the value of a
given trigonometric function is negative or positive at a
given x, there are basically no problems in the textbooks
that combine both of these tasks.

As another example, let’s consider the substantially
more difficult problem C5:

Solve the equation

Find all values of the parameter a, for each of
which the system of equations

4 = —
a(x”+1)=y+2 ‘x‘ has a single solution.
¥ +y' =4

To solve this problem, one can note that if any pair
(x, y) is a solution of the system, then the pair (—x, y) is a
solution too. This implies that the system can have a single
solution if and only if this solution is a pair of the form
(0, y) for some y. Now, substituting 0 for x, one obtains the

system a=y+2
v =4
possible values for a for which this system has a single
solution are 0 and 4.
This is not the end of the solution, however. Now it is
necessary to see whether the system indeed has a single
solution, given that a equals 4 or 0. If ¢ =0, then the

. It is clear from here that the only

y=x-2

system looks as follows: { . Obviously, this

¥ +y?=4

system does not have a single solution. If g =4, then the
system looks as follows: {y =dxt+ ‘x‘ * 2. It is clear from
X +y' =4

the first equation that y > 2 ; however, the second equation
implies that y < 2. Therefore, this system has a solution
only if y=2. The equality y =2 in turn implies that
x=0. In other words, the system has a single solution,
x =0,y =2. The final answer to the problemis a = 4.

Data on the Results of the Examination

Each problem on the examination is assessed using the
raw scores, so that the maximum possible score for all
problems is 30 points. Specifically, each of the problems
B1-B12 is worth 1 point, each of the problems C1-C2 is
worth 2 points, each of the problems C3-C4 is worth 3
points, and each of the problems C5-C6 is worth 4 points.
Then, these raw points are converted into the final scores,
and the maximum possible score here equals 100 points.

Table 1 describes the relation between several raw and
final scores in 2011 (only a few scores are represented);
also, the percentage of students who received each of these
scores is given (again, the data is taken from the website
www.ege.edu.ru, which provides information up to mid-
June 2011; students who were unable to take the
examination at that time for serious reasons took it later,
but their number was small). The USE in mathematics was
taken by 762,431 students in 2011.

In particular, this table shows the percent of those who
failed to reach the minimal score. The minimal score is
defined as the score that is necessary to achieve in order to
pass the examination which, in turn, is needed for
receiving a secondary school certificate. In 2011 this
minimal score was equal to 24 final points, and 6.2% of
the students who took the examination failed to receive it.

The maximum possible score of 100 was received by
less than 0.1% of the participants—by 214 students.
Table 2 demonstrates in which regions the numbers of
those who received 100 points are the largest.

Some schools display their students’ results on the
USE on their own websites. Figure 1 represents the results
of the St. Petersburg school # 30 (which is considered to
be the best in the city, see http://school30.spb.ru/).

Results such as those represented in the diagram,
however, are fairly rare. In particular, 31.57% of those
who took the examination in Russia in 2011 did not even
attempt to solve any task from group C.

Critique of the USE

The USE has been strongly criticized since the very
moment when the idea of this examination appeared
(Bashmakov, 2010; Karp & Zvavich, 2011). In particular,
critics have pointed out that the examination fails to stop
corruption or provide equal opportunities for quality higher
education to all students. The role of the examination as an
“equalizer” of opportunities has indeed proven to be
fundamentally  exaggerated—as  mentioned above,
difficulty with coming to the universities to take
examinations there is not what typically prevents students
from pursuing an education in Moscow or St. Petersburg.

Critics have pointed to numerous instances in which
the procedure for taking the examination has been violated.
Additionally, statistics concerning the examination itself
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Table 2. Number of those who received 100 points in a few regions

which was discussed above. With all due
respect to the beauty of this problem, one

Number of those who received

Region

can only conclude that it is natural and
logical that many students do not even

100 points
Moscow 38
Perm region 20
Moscow region (without Moscow) 16
St. Petersburg 15
Chelyabinsk region 15
Nizhny Novgorod region 13
Tomsk region 8

Orenburg region

Khanty—Mansi Autonomous District

attempt to solve it. By adding to those who
did not attempt to solve any problem from
group C those who did attempt but failed
to solve any problem from this group, we
see that for many students this
examination is limited to the problems in
group B (as is clear from Table 1, 36.5%
of participants received scores of 56 or
less, which corresponds to raw scores of
12 or less, which is what can be received
for solving the problems in group B).

(even very limited ones, as in this paper) suggest that this
procedure has hardly been fair everywhere. For example, it
is not easy to explain the large numbers of those who
receive 100 points in relatively small regions, particularly
given that these obviously outstanding students fail to
display their gift in any other way. These "unexpected"
results are even more questionable when it comes to the
numbers of those who fail the examination. Indeed, some
regions have dramatically improved their performance
over the previous year and had no failing students at all.

Moreover, organizers are not necessarily doing the
very best job, even when it concerns the relatively simple
technical details. For example, the problems in group B are
assessed for correctness using computers, and there are
many errors here.

It is important to describe not only organizational, but
also methodological issues that are criticized. Indeed,
Russian textbooks for “regular” schools (recall that there
are also schools with an advanced course of study) do not
contain problems similar or even close to problem C5,

Results of the School # 30

40
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Number of students
~ N N
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60-64 65-69 70-74 75-79 80-84 85-89 90-94
Scores range

Figure 1.
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Some educators disagree with offering
problems in group C to all students.

Probably even more educators find it
awkward that in order to pass the examination successfully
(that is, to obtain the minimal passing score) it is not
necessary to learn anything at all in senior-level grades.
Indeed, the minimal score of 24 corresponds to 4 problems
from group B, and, therefore, students can get this score by
solving problems that are not based on material covered in
senior-level classes. It looks like there is no difference, as
far as the examination is concerned, between those who
worked very hard in senior-level classes in “regular”
schools and those who did nothing: neither can solve
problems from group C, but both can solve some problems
from group B.

On the Influence of the
New System of Assessment

The results of the USE are currently considered to be a
major indicator of the success of the work of schools. A
characteristic example is the award of quite
substantial grants to the “best Moscow schools” in
2011. The decision on which is the best was based
on the results of Academic Olympiads and the USE
(Nasyrov, 2011). The results of the USE prove to
be important for all schools (not only for the
winners of this competition). For one thing, these
results are used in the process of promoting
teachers. It is not a surprise, therefore, that
preparation for the USE takes up a substantial
portion of school time.

The content of the USE is viewed as stable and
predictable. Problem B1, for example, is supposed
to be a real-world problem involving percentages.
Even the problems from group C are supposed to
be similar to some extent to what is given in the
version for display on the examination website.
Thus, C4 is supposed to be a problem in plane
geometry that has two solutions. These
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expectations are supported by the publication of books on
preparing for the examination, which have such
characteristic titles as USE 2011. Mathematics. Problem
B4. Plane geometry: angles and areas. Workbook or USE
2011. Mathematics. Problem B6. Plane geometry: areas.
Workbook (Smirnov, 2011 a, b). One can assume that, in
some schools, this kind of preparation limits teaching to
practicing solving only specific types of the problems,
which narrows down the teaching of mathematics and
sometimes even makes it senseless. Contrary to this,
however, one can assume that, at the same time, in some
schools the USE has encouraged teachers and students to
get acquainted with new challenging problems, and has,
therefore, enriched mathematics education there.

Conclusion

The idea of a national examination in mathematics is
becoming more and more popular in the United States,
while high-stakes exams have been implemented already.
The Russian USE gives an example of the difficulties that
the organizers of a uniform national examination can face.
This examination is created to be the same for all students,
but although it is clear that all students can be mandated to
take it, it is less clear whether it is worth mandating this. In
Russia, the preference obviously has been given to the
“strong” students: everybody has been mandated to take
the same examination as those who are most motivated and
prepared. In this situation, the minimal passing score has
been set very low to prevent mass failures. The small
number of those who fail, compared with the number of
those who fail, say, the New York State Regents, seems
surprising only until one notes that in order to pass the
USE it is sufficient to solve 4 problems from the “easy
part.”

The opposite of the Russian approach, which would
victimize “strong” students rather than “regular” ones,
does not seem any better. These “strong” students can not
be limited to solving something that is very basic for them
and be deprived of substantial challenges.

The practice of using USE results for the identification
of the best schools can be questioned. It is important to
keep in mind, though, that similar ideas have been offered
outside of Russia as well. Cheating on examinations in
response to improper pressure to improve grades also does
not seem to be an exclusively Russian prerogative.

On the other hand, the USE has introduced a number
of rich and beautiful mathematical problems. Acquaintance
with them seems to be useful for mathematics educators
outside of Russia.
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