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The role of contextual geometry tasks in the evaluation of educational
achievements in mathematics

The article shows the relevance of mathematical literacy assessment essential for testing school graduates’
competence in the field of mathematics (geometry). The authors analyzed the participation of secondary
schools in the external evaluation of educational achievements such as: Unified National Testing (UNT), Ex-
ternal Evaluation of Educational Achievements (EEEA), PISA (Program for International Student Assess-
ment) and TIMSS (Trends in Mathematics and Science Study). The analysis showed that international evalua-
tion systems tend to test students' competence using practice-oriented or contextual tasks. The authors in-
cluded several contextual geometry tasks that were used to assess mathematical literacy in the aforemen-
tioned testing systems (UNT, EEEA, PISA, TIMSS). Basing on the results of the analysis, the authors con-
clude that in actual practice teaching mathematics in senior forms is oriented at forming the ability to solve
only educational geometric tasks of various degrees of complexity.

Keywords: mathematical education, mathematical literacy, competence, geometry contextual tasks, cognitive
intelligence, professional activity.

Modernization of Kazakhstani educational system of today is based, in response to the world trends, on
the solution of several important tasks. One of the major tasks is focusing on the development of an individ-
ual possessing all the competencies essential to apply the acquired knowledge in professional activity in ac-
cordance with the needs of the labor market. Another important task is to encourage students’ creative activi-
ty and develop the ability to feel confident in unusual life situations.

Starting from 2015 there have been made some amendments and additions to the RK Law on Educa-
tion. The amended law brings about a phased transition to the updated content of school education [1].

One of the priority goals of education is the development of functional literacy of students [2].

According to A.A. Leontyev, functional literacy is the ability of a person to use knowledge acquired in
the course of lifetime to solve a wide range of life problems in various spheres of human activity, communi-
cation and social relations [3].

One of the types of functional literacy that is assessed in the context of the external evaluation of stu-
dents’ academic achievements is mathematical literacy. Mathematical literacy is the basis of a high level of
mathematical education at different levels of education.

In Kazakhstan we have two rapidly developing systems of external evaluation of students’ educational
achievements: the Unified National Testing (UNT) and the External Evaluation of Educational Achievement
(EEEA). The results of UNT and EEEA are used to assess the quality of education. But the results of these
assessments do not give us an opportunity to compare the quality of education in our secondary schools with
the level of education in other countries. Kazakhstan should participate in international comparative studies
in the field of education, such as TIMSS, PISA, PIRLS, etc., to assess the competence of students, namely in
mathematics [1].

In the RK State Program of Development of Education and Science (SPDES RK) for 2016-2019 it is
said that Kazakhstani secondary schools must improve their results obtained in the course of international
comparative assessments carried out in the contexts of TIMSS and PISA: TIMSS (Trends in Mathematics and
Science Study) is the international monitoring study of the quality of mathematical literacy of 4th and 8th
graders; PISA (International Student Assessment Program) is an international system of assessing the level of
mathematical literacy of 15 year old students [1].

According to the rating «Discrepancies in skills in the 21st century» carried out by the World Economic
Forum (WEF), Kazakhstan is among those countries that have a low level of cognitive intelligence of stu-
dents. According to the WEF rating one of basic skills essential for a successful person of the 21st century is
mathematical literacy.
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By mathematical literacy we understand students’ abilities to recognize problems that arise in the sur-
rounding reality and can be solved by means of mathematics; to formulate these problems in the language of
mathematics; to solve these problems using mathematical apparatus; to analyze the employed methods of
solution; to formulate and record the results of the solution.

Key instruments of developing and modeling students’ mathematical literacy are contextual (practice-
oriented), creative, recreational and research tasks.

Contextual mathematical tasks are tasks whose aim is to solve a standard or non-standard situation by
finding an appropriate method of solution with the obligatory application of mathematical knowledge. The
main peculiarity of such tasks is the development of cognitive intelligence [4].

In the modern world to possess encyclopedic literacy is no longer enough. It is extremely important to
be able to apply generalized knowledge and skills in solving specific situations and problems.

Let us analyze the examples of contextual tasks solution. These tasks were included in such tests assess-
ing mathematical literacy as PISA-2012 and TIMSS-2015, or were included in «mathematical literacy»,
a required subject in the context of UNT-2017.

Task 1. In a pizza restaurant they have two kinds of round pizza, having the same thickness but different
sizes. The diameter of the smaller pizza is 30 cm, and it costs 1100 tenge. The diameter of the larger pizza is
40 cm, and it costs 1500 tenge. Which pizza is more profitable to sell for the owner of the pizza restaurant?
Give your reasons.

You should start your reasoning with dwelling on the fact that, though the pizzas have the same thick-
ness and different sizes, the difference in their prices depends only on the surface area of the pizza. There are
two possible assumptions in determining pizza seller’s benefits: the first assumption is based on the differ-
ence in the cost of the same unit of area of the larger and smaller pizzas, the second on the difference be-
tween the areas of the larger and smaller pizzas that can be bought for the same money.

The student should realize that the surface of the pizza has the form of a circle with a known diameter,
and the most important thing is to resort to geometry. Applying the formula of the area of the circle the stu-
dent needs to calculate the area of the larger and smaller pizzas. The radius of the circle equals to a half of

1

1 1
the diameter 7 =§d . The radius of the smaller pizza is r = Ed =—-30=15. The radius of the larger pizza is

R=1d=1-40=20.
2 2

According to the first assumption it is necessary to divide the price of pizza by its area.

Somatter pizza T = 3,14 - 15%=706,5 (cm”)

1 cm? of smaller pizza will cost 1100: 706.5 = 1.557 (tg).

S/ arg er pizza =T R* = 3,14 - 20 = 1256 (cnt’)

1 cm” of a larger pizza will cost 1500: 1256 ~ 1,194 (tg)

The solution received due to the first assumption showed that it is more profitable for the owner to sell
smaller pizzas because 1 cm’ of a small pizza costs a little more to the buyer than the same area of
a large one.

According to the second assumption it is necessary to divide the area of a pizza by its price.

For a smaller pizza: paying 1 tenge you can buy 706.5: 1100 = 0.64 (cm?).

For a larger pizza: paying 1 tenge you can buy 1256: 1500 = 0.83 (cm?).

The solution according to the second assumption showed that it is more profitable for the owner to sell
small pizzas, because paying 1 tenge a customer can buy a smaller surface area of the smaller pizza and a
larger surface area of the larger pizza paying the same sum of money. Consequently, the larger pizza is more
beneficial for the customers, and the smaller one for the seller.

The key point in solving the problem consists in establishing functional connection between the size of
the pizza and its price, so the assignment can be referred to the «changes and connections» section. The con-
text itself seems to be of a personalized character. By the nature of the prevailing cognitive activity the task
belongs to the cognitive domain «formulate» because it requires creating a model for solving the task.

Task 2. A revolving door has three glass partitions, which, together with this door, revolve inside the
circular space. Three door partitions divide this space into three equal sectors. Figure 1 below depicts these
door partitions in such a manner as if you look at them from above. How many degrees is the angle between
two door partitions?
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Entrance
Partitions

Exit
Figure 1. Revolving door

To solve this task a student must know the design of a revolving door with glass partitions and, if it
is possible, he/she must apply their knowledge to project a geometric figure. In fact it is a cylinder, but, if
we look at its design from above, it is a circumference with three radii. The partitions form three equal cen-
tral angles, i.e. three equal parts of the circumference. As we know from the school course of geometry, cir-
cumference angular sum is 360 °. This means that the angle between two door partitions is 120 °, because
360°: 3 =120°.

However, many students were unable to answer this question. The point is that in the course of studying
mathematics secondary school students’ attention is not drawn to the fact that the central corner of the cir-
cumference consists of two supplementary angles and equals to 360°. A teacher can mention this fact when it
is necessary to solve corresponding tasks, for example, for constructing circular diagrams when the circle
must be divided into sectors in accordance with the ratio of the quantities that need to be shown in the dia-
gram. The task is related to the «space and form» field, «scientific» context, cognitive activity dealing with
"application".

Task 3. The gardener has 32 m of wire which he wants to use as a border for his flower bed. The shape
of the flower bed should be selected from the following options (Fig.2).

1 Lt/

10m < 1m
C D
oM
10 M 10 m

Figure 2. Flower bed shapes (variants A, B, C, D)

If you straighten out the sides of the polygons (shapes A and C), you get rectangles with the sides of
10 m and 6 m. Then the perimeters of the flowerbed on the schemes A, C, D equal to exactly 32 m.

To determine the length of the lateral side of the parallelogram (shape B), this reasoning is possible:
figure 2 shows clearly that the (sloping) sides of the parallelogram (shape B) are longer than its 6 m height. It
means that the perimeter of the flower bed B is more than 32 m.

The task was rather difficult for most of students. The key to solve this task is the reliance on spatial
imagination when converting shapes A and C into rectangles as well as resorting to the knowledge of paralle-
logram properties and the concept of polygon perimeter. The assignment is related to the «space and form»
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field. The context itself is of the professional character. By the nature of prevailing cognitive activity the task
is referred to the cognitive domain «apply».

The results of the international assessment of «mathematical literacy» show that students cannot cope
with geometry tasks that check their mathematical competence essential to facilitate students' readiness for
everyday life in the modern society. At the same time, in contrast to everyday life in its narrow sense, the
practical (professional) activity of people in various fields (mathematics, medicine, economics, technology,
etc.) involves mastering more complex mathematical methods (methods of geometry and others) which are
studied in the senior forms. Successful solution of contextual problems in geometry can be secured only
when the educational process is oriented toward solving similar problems in the school course of geometry.
The analysis of geometry textbooks shows that the applied component in them is represented quite poorly.
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MartemaTukanarbl 0is1iM Oepy KeTicTikTepin 0arajay yumiH
reoMeTpPHUSIHbIH MITIHMIH/IIK ecenTepPiHiH poJii

Makanaga MaremMaTnka OutiM Oepy cajlachlHIa MEKTEIN TYJICKTEPiHIH KY3BIPETTUIrIH Tekcepy OaphIChIHAA
MaTEeMaTHKAIBIK CayaTTBUIBIFBIHBIH ©3€KTINIri KepceTinreH. ABTOpIap OpTa MEKTeNTepiHiH OimiM
JKETICTIKTEepiH chIpTTail Oaramay ¥nTTeIK Oipwiarail Tectiney (¥BT), OKy eTicTikTepiH chIpTTail Oaramay
(OXCB), Maremaruka 6inim 6epy camaceinarsl PISA (Programme for International Student Assessment)
xone TIMSS (Trends in Mathematics and Science Study) XanblkapasiblK caJbICTHIPMAbl 3epTTeyJIepiHe
KaTbICy OOMBIHILIA 3epPTTEYyJIep KYpri3inren. XanslkapaablK ASHIeHAe OKYIIbIIAPbIH KY3bIPETTUIINH TeKCepy
MAaKCaThIH/a MOTIHMOHIIK JOHE NpPaKTUKAJBIK Ma3MyHbl Oap ecenrtepi KOJJAHBUIATHIHBI aTaml T
ABTOpnap MareMaTtukanblK cayaTTeuibiFbiH Oaranay (¥YBT, OXKCB, PISA, TIMSS) keseninme ke3meceTiH
ColikeCc TEOMETPHMSHBIH MOTIHMOHJIK ecemnTepiH TaHman KepceTkeH. COHBIMEH KaTap JKOFapblia
alfTeUIFaHIapsl HeTi3iHge OimiM Oepy TaxipuOeciHIe >KOFaphl CHIHBINTAp/a MaTeMaTHKa op TYPJi Kypuemi
JeHreiepinae TeK Ta3a OKy T€OMETPHSUIBIK eCeNTep Il Menry KaOineTiH KanblNTacThIPybIHA OarbITTaFaHbIH
aTam oTTi.

Kinm ce30ep: mareMaTukaibIK OUTIM, MaTeMaTHKAJBIK €CerTep, KY3bIPETTiTIK, TeOMETPHUSUIBIK MOHMITIH/AIK
ecenTep, MaTeMaTHKAJIBIK CayaTThUIBIK.

C.K. VBanuena, lII.H. KyrTeixoxkaera, I'.b. Kamanosa, B.C. Kopaunos

PoJib KOHTEKCTHBIX 32124 reoOMETpMM 1P OLICHKE
Oﬁpa3OBaTeﬂbHLIX I[OCTI/I)KeHI/lﬁ B MaTeMaTHKeE

B cratee TmoOKa3aHa aKTyaJdbHOCTb HCCIENOBAaHMS MAaTEMaTHYECKOW TI'PAMOTHOCTH B MPOBEPKE
KOMIETEHTHOCTH BBITYCKHUKOB IIKONBI B OOJIACTH MaTeéMaTHKU, B YaCTHOCTH B T'€OMETPHU. ABTOpaMu
MPOBEJIEH aHaIN3 yJacTusi 00Ieo0pa30BaTeNbHbIX MIKOJI BO BHEIIHEN OIEHKE 00pa30BaTENbHBIX JOCTHMKE-
HUH ydJammxcsi, Takux kak Enunoe HanponansHoe TectupoBanue (EHT), Bremnss oneHka yaeOHBIX JOCTH-
xennit (BOV]), a tarke B MeXIyHapOIHBIX CpaBHHTEIBHBIX ucciepoBaHusix PISA (Programme for
International Student Assessment) n TIMSS (Trends in Mathematics and Science Study) B obnactu MaTema-
THYeckoro oOpazoBanus. OTMedeHO, YTO UIS NMPOBEPKH KOMIETCHTHOCTH YYAIMXCSl Ha MEXIyHapOIHOM
YPOBHE TPHMEHSIOTCS KOHTEKCTHBIE 3aJaud, 3aJadyd C MPaKTHYECKHM coJep)kaHueM (IIPaKTHKO-
OpPHEHTHUPOBaHHBIE). ABTOpaMM JaHa HEKOTopas MoA0OpKa COOTBETCTBYIOIIMX KOHTEKCTHBIX 3azad
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TeOMETPHH, BCTPEYAIOMXCs B oLeHKe MaTeMaTnueckoil rpamotHoct (EHT, BOY I, PISA, TIMSS). Otme-
YEHO, YTO Ha MPAKTHKe 00yYeHHEe MaTeMaTHKe B CTapLIMX KJIaccax OPUEHTHPOBAHO Ha (OPMUpPOBAHUE yMe-
HHSL PelaTh TOJIBKO YHUCTO y4eOHbIC FEOMETPHUICCKHE 3aJa4H PA3INYHOTO YPOBHS CJI0KHOCTH.

Knrouegvle cnosa: mareMaTnueckoe 06pa3OBaHI/Ie, MareéMaTuieckass rpaMOTHOCTb, KOMIIETECHTHOCTL, '€OMET-
PHUYICCKUEC KOHTCKCTYAJIbHBIC 3a/1a'H, KOTHUTUBHBII HUHTCIIICKT, HpO(i)eCCI/IOHaJII)HaSI JACATCIIBHOCTD.
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