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METHODOLOGICAL FEATURES OF FORMING FUNCTIONAL 
LITERACY IN MATHEMATICS OF KAZAKHSTAN STUDENTS

М.М. Slyamkhan ― doctoral student in the educational program «8D01501-Mathematics», Suleyman 
Demirel University, Republic of Kazakhstan, Kaskelen
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Abstract. The article compares the results of 15-year-old Kazakh schoolchildren 
in mathematical literacy in the international comparative study PISA with the results 
of schoolchildren from 10 leading countries and schoolchildren from 10 recent 
countries. The current level of functional literacy in the country is one of the key 
issues in the education system. The ways of developing functional literacy are also 
an important issue in other countries, since functional literacy provides the level of 
education, skills and abilities of a person, the need to carry out life activities in a real 
cultural environment and a system of social relations.  The results of an international 
comparative study of schoolchildren in Kazakhstan on mathematical literacy are 
analyzed and summarized. In general, in order for Kazakhstani schoolchildren to 
show high results in mathematical literacy, our schoolchildren should have the 
following competencies. Mastering the content of basic knowledge of mathematics, 
deep understanding; knowledge of existing methods for solving mathematical 
problems, depending on the type; deep knowledge of the definition and properties of 
mathematical concepts; getting abstract and logical thinking; ability to think flexibly, 
etc. By examining the PISA problems, we deduce what problems and skills lead to a 
good understanding and solution of the problem.

Keywords: schoolchildren, functional mathematical literacy, problem-solving, 
education, standardized tests, critical thinking, PISA
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ФУНКЦИОНАЛДЫҚ САУАТТЫЛЫҚТАРЫН ҚАЛЫПТАСТЫРУДЫҢ 
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Аннотация. Мақалада, Қазақстанның 15 жасар оқушыларының PISA 
халықаралық салыстырмалы зерттеуіндегі математикалық сауаттылық бойынша 
нәтижелері алғашқы 10 орындағы мемлекет оқушыларымен және соңғы 10 
орындағы мемлекет оқушыларының нәтижелерімен салыстырылған. Еліміздің 
қазіргі кездегі функционалдық сауаттылық деңгейі білім беру жүйесіндегі басты 
мәселелердің бірі болып саналады. Функционалдық сауаттылықты дамыту 
жолдары басқа мемлекеттерде де маңызды мәселе, себебі фунционалдық 
сауаттылық адамның білім деңгейін, іскерлігі мен біліктілігін, нақты 
мәдени ортада және әлеуметтік қарым-қатынас жүйесінде тұлғаның өмірлік 
әрекетін жүзеге асыру қажеттіліктерін, қалыпты жағдайда қалыптастыруын 
қамтамасыз етеді.  Қазақстан оқушыларының халықаралық салыстырмалы 
зерттеуіндегі математикалық сауаттылықтан жинаған нәтижелеріне талдау 
жасалып, қорытындылар келтірілген. Жалпы айтқанда, Қазақ Елі оқушылары 
математикалық сауаттылық бойынша жоғары нәтиже көрсету үшін біздің 
оқушыларда төмендегідей құзіреттіліктер болу керек. Математиканың базалық 
білім мазмұнын меңгеру, терең түсіну; математикалық есептің түріне қарай 
оны шешудің қалыптасқан әдістемесін білу; математикалық ұғымдардың 
анықтамасын, қасиеттерін терең білу; абстрактылы және логикалық ойлау 
алу; икемді ойлай алу және т.б. PISA есептерін зерттей отырып, біз қандай 
мәселелер мен дағдылар мәселені жақсы түсінуге және шешуге әкелетінін 
анықтаймыз.

Түйін сөздер: мектеп оқушылары, функционалдық математикалық сауат
тылық, есептер шығару, оқу, стандартталған тесттер, сыни тұрғыдан ойлау, 
PISA
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Аннотация. В статье сравниваются результаты 15-летних казахстанских 
школьников по математической грамотности в международном сравнительном 
исследовании PISA с результатами школьников из 10 ведущих стран и 
школьников из 10 последних стран. Современный уровень функциональной 
грамотности в стране – один из ключевых вопросов в системе образования. 
Способы развития функциональной грамотности также являются важным 
вопросом в других странах, поскольку функциональная грамотность 
обеспечивает уровень образования, навыков и умений человека, необходимость 
осуществления жизненной деятельности в реальной культурной среде и 
системе социальных отношений. Анализируются и обобщаются результаты 
международного сравнительного исследования школьников Казахстана по 
математической грамотности. В целом, чтобы казахстанские школьники 
показали высокие результаты по математической грамотности, наши студенты 
должны обладать следующими компетенциями. Освоение содержания базовых 
знаний математики, глубокое понимание; знание существующих методов 
решения математических задач в зависимости от типа; глубокое знание 
определения и свойств математических понятий; получение абстрактного и 
логического мышления; умение гибко мыслить и др. Исследуя задачи PISA, 
выводим, какие проблемы и навыки приводит к хорошему пониманию и 
решению задач.

Ключевые слова: школьники, функциональная математическая грамот
ность, решение задач, обучение, стандартизированные тесты, критическое 
мышление, PISA

Introduction
Relevance PISA (Program for International Student Assessment) is an international 

assessment of the skills and knowledge of 15-year-olds (Roslova, 2022), It is held 
to assess the educational level of children today and the adequacy of teaching in 
schools (Gable, 2019). The organizer is the Organization for Economic Cooperation 
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and Development (OECD); the Program for International Student Assessment 
(PISA), established in 1997, is an internationally agreed framework to monitor the 
performance of education systems in terms of student achievement (International 
Student Assessment Program). PISA brings together scientific knowledge and 
is based on politically determined common interests and is a jointly managed 
collaboration between participating countries and their governments, and is a jointly 
managed collaborative effort. Experts from participating countries work in working 
groups tasked with linking PISA's policy goals with the best available technical 
knowledge in international benchmarking. By participating in these expert groups, 
countries ensure international recognition of the PISA assessment tool and take into 
account the cultural and educational contexts of OECD member countries. It is also 
highly voluminous and emphasizes the authenticity and value of parenting (Grisay, 
2017).  PISA 2012 continues the data strategy adopted by OECD countries in 1997: 
as in 2003, the 2012 PISA survey also focuses on mathematical literacy (PISA 2021 
Mathematics Framework, 2021). As a methodological basis for the formation of 
functional literacy and assessment control, the concept of the international study 
PISA (Program for International Student Assessment) was chosen, the purpose 
of which is to assess the readiness of 15-year-old schoolchildren in six areas, one 
of which is mathematics. The PISA score for math literacy among 15-year-old 
students in the PISA study is based on the following definition of math literacy: 
“Mathematical literacy is the ability of an individual to use mathematical reasoning 
and to formulate, apply, and interpret mathematics to solve problems in a variety 
of real-world contexts” (Leontiev, 2016). The content introduced by the organizers 
of the study into this concept is the concept of "functional literacy" itself. A.A. In 
Leontiev Study on Mathematical Literacy, PISA 2003–2015. It involves the ability 
of a person to use the knowledge and skills acquired during life to solve the widest 
range of life tasks in various fields of activity, communication and social relations 
(Morozova, 2022). Student literacy is assessed in three main areas. They are math, 
science and reading.

But this is not the main issue. First of all, 15-year-old elementary school students 
will figure out how to use their school knowledge in their daily lives, in the field of 
finance, in society, and in overcoming various obstacles and performing many tasks 
in different areas of their lives.

1. The PISA program differs from other scoring systems in many ways.
2. Directions for the Future. By participating in the test, teens talk about their 

desire to continue their education after school and ways to gain additional knowledge 
and skills.

3. A policy direction that explores the relationship between learning outcomes 
and data on students' backgrounds, social status, and factors that influence their 
acquisition of knowledge and skills in school.

4. Systematic and systemic - capable of monitoring the dynamics of educational 
outcomes in participating countries (Examples // PISA 2021 Mathematics 
Framework). 
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The PISA-2022 cycle has mathematical literacy as its main focus, with creative 
thinking added as an additional subject; in 2022, the international PISA survey aims to 
assess the frequent use of mathematics in important aspects of life: society, work and 
personal life; PISA 2021–2022 survey focuses primarily on mathematical reasoning. 
This implies correct evaluation and interpretation of received information, rational 
use, and competent design. In addition, candidates must be able to apply their skills 
in four life domains: personal, scientific, vocational, and social (Roslova, 2021). In 
addition, the most important skill of the 21st century, information and communication 
technology, is added: according to the concept of ICT integration in the PISA-2022 
survey, students must be able to think, use information, and communicate creatively, 
actively, and critically. The test task is divided into two parts:

1. Standard – simple tasks with written questions or problems.
2. Interactive – tasks with interactive material, created in the form of computer 

simulations. This can be compared to computer games. Subjects have to solve a 
situation very similar to a real one, as if they were in a virtual reality. During such 
tests, students are asked questions that suggest different answers and further actions 
(Roslova, 2021). The developers of this task will be working with a number of 
analytical materials, which will eventually allow them to form a list of observations 
and recommendations that will be useful not only within PISA, but also in the 
subsequent work of each sector. There is an active global event in preparation for the 
international test: the PISA-2022 analysis shows that students in 88 countries have 
demonstrated their skills and abilities. As for independent preparation, it is sufficient 
to update knowledge by reviewing and solving questions from last year's test and to 
know what it means to conduct research with ready-made examples. international 
surveys, including PISA, are very important, and conducting such surveys around the 
world will help us understand the level of each country, what is good and what is bad 
PISA 2022 will help us improve our education system and show us where schools 
should focus their efforts (Approximate basic educational program of basic general 
education. Approved by the decision of the federal educational and methodological 
association for general education).  

Materials and research methods 
Information about the educational level of students was taken as research 

materials. The method of monitoring the formation and evaluation of mathematical 
functional literacy PISA (Program for International Student Assessment) was used 
as a research method (PISA 2021. Mathematics Framework). 

Results and discussion
Fifteen-year-olds from Kazakhstan also performed poorly in the 2018 PISA 

international benchmarking study (Yrsaliyev, 2017). Leaving the analysis of the 
results of international comparative studies in other areas to specialists, we will 
present our judgments in our field, that is, about mathematical literacy, for discussion 
by specialists (Amreeva, 2010). The average score of our students out of 1000 points, 
which is considered the highest in terms of mathematical literacy (fig. 1).
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Fig. 1. Average PISA scores in the country

 Is the amount of honey collected by our students more or less? To answer this 
question, let's find the number of scores of children from countries that occupy the 
first ten places and the last ten places in mathematical literacy (table 1).

Table 1. The average score of foreign countries according to the international PISA

Year 2009 2012 2015 2018

Average GPA of state students ranked first 600 613 564 591
Average score of students in Kazakhstan 405 432 460 423
GPA of students in the last ranked state 331 368 328 325

Looking at these tables, one can clearly see who is educated and who is uneducated 
in terms of mathematical literacy. Here, let's look at another table to understand the 
problem at hand (Table 2).

Table 2. Comparative indicator of students' scores in mathematical literacy

Year 2009 2012 2015 2018
Average GPA of state students ranked first 600 613 564 591
Average score of students in Kazakhstan 405 432 460 423
GPA of students in the last ranked state 331 368 328 325

Our students score about 200 points less than first-place state students and about 
100 points more than last-place state students. 

Now it's time to ask, "Why are we like this?" Let's try to find the answer to the 
question. So, let's take a look at some of the tasks that featured in this international 
PISA math literacy benchmarking study. 

First, let's imagine four problems without solutions.
1. Scale 
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The distance from Astana to Pavlodar is about 450 km. This distance must be 
indicated on the map.

Question 1. What scale should a map be taken so that the distance between the 
cities of Astana and Pavlodar is 8 cm on the map?

Question 2. If the scale of the map is 1:1000, then 450 km is equal to how many 
centimeters?

2. Ticket price 
A family consisting of two adults and three children gathered on the road from 

Astana to Almaty. Everyone must purchase round trip tickets.

Table 3. The table shows the cost of a ticket to a compartment car of a train connecting other 
cities – Almaty

№ Direction Time
Ticket price

Adults Children
1 Astana - Almaty 19 hours 8 minutes 16 917 8 458
2 Semey - Almaty 20 hours 55 minutes 15 182 7 591
3 Shymkent - Almaty 13 hours 52 minutes 8 531 4 265
4 Kostanay - Almaty 39 hours 19 minutes 12 308 6 154
5 Kyzylorda - Almaty 23 hours 58 minutes 12 370 6 185

Question 1. Compare train schedules and ticket prices. Make a conclusion.
Question 2. What is the minimum amount of money that can be spent on a train 

ride and back?
Question 3. What is the difference between the cheapest and most expensive 

return fare? 
3. Decoration
Walls 8 m and 5 m long should be tiled as shown in the picture.

Question 1. What is the area of this wall?
Question 2. How much space does one tile take up?
Question 3. Approximately how many of these tiles are needed to decorate this 

wall?
Question 4. At least how many such whole tiles are needed to make the pattern 

symmetrical when decorating this wall? 
4. Age
If you add the ages of the father and son together, you get 30 years; if you add the 
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ages of the child and the grandfather together, you get 60 years; and if you add the 
ages of the father and grandfather together, you get 84 years.

Question. So how old were each of the father, son and grandfather? 
Functional mathematical literacy refers to the ability to use mathematical concepts 

and skills in practical situations. To solve problems in functional mathematical 
literacy, you can follow these specific practical steps:

1.	 Identify the problem: The first step in solving any problem is to identify the 
problem and understand what you are being asked to do. Read the problem carefully 
and make sure you understand all the information provided.

2.	 Identify the mathematical concepts: Once you understand the problem, 
identify the mathematical concepts that are relevant to the problem. This may involve 
identifying the formulas, equations, or mathematical relationships that are needed to 
solve the problem.

3.	 Gather information: Collect all the necessary information that is required 
to solve the problem. This may involve collecting data, measuring quantities, or 
reading from graphs or charts.

4.	 Plan your approach: Based on the information you have gathered, plan your 
approach to solving the problem. This may involve breaking the problem down into 
smaller, more manageable parts, or using a specific mathematical strategy to solve 
the problem.

5.	 Solve the problem: Using the mathematical concepts and information you 
have gathered, solve the problem step by step. Make sure to show your work and 
double-check your calculations to avoid mistakes.

6.	 Check your answer: Once you have solved the problem, check your answer to 
make sure it makes sense and is reasonable. You can also check your answer using 
a different method or by plugging your answer back into the original problem to see 
if it works.

7.	 Reflect on your solution: Finally, reflect on your solution and the process you 
used to solve the problem. Identify any mistakes you made and think about how you 
could improve your problem-solving skills for future problems.

1. Wallpaper
Bolat wanted to change the wallpaper on one wall in his room. The wall is 4 m 

long and 2 m 50   cm wide. To match the wallpaper images, raise or lower 20 cm 
from each cut.

Note. Size of each roll: 0.5m x 10m. 
How many rolls of wallpaper do you need for this wall?
−	 Identify the problem: We need to determine how many rolls of wallpaper Bolat 

needs to buy in order to cover one wall in his room.
−	 Identify the mathematical concepts: We will need to use multiplication, 

division, and possibly decimals to calculate the number of rolls needed.
−	 Gather information: The wall is 4 meters long and 2 meters 50 centimeters 

wide. The wallpaper comes in rolls that are 0.5 meters wide and 10 meters long. 
Each cut needs to be raised or lowered by 20 centimeters to match the wallpaper 
images.
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−	 Plan your approach: We can first calculate the area of the wall to be covered, 
taking into account the 20 centimeters that need to be added to each cut. Then we can 
calculate how many strips of wallpaper we need, and how many rolls of wallpaper 
we need to buy based on the dimensions of the wallpaper rolls.

−	 Solve the problem:
Convert the width of the wall to meters: 2 meters 50 centimeters = 2.5 meters
Calculate the height of the wall with the additional 20 cm per cut: 4 meters + 2 

cuts x 0.2 meters/cut = 4.4 meters
Calculate the area of the wall: 4.4 meters x 2.5 meters = 11 square meters
Calculate the number of strips needed: 11 square meters / 0.5 meters per strip = 

22 strips
Calculate the number of rolls needed: 22 strips / 10 strips per roll = 2.2 rolls
Round up to the nearest whole number: Bolat needs to buy 3 rolls of wallpaper.
−	 Check your answer: Does the answer make sense? Yes, it is reasonable that 

Bolat would need to buy more than 2 rolls of wallpaper to cover the entire wall.
−	 Reflect on your solution: This problem required us to use multiplication, 

division, and decimals to calculate the number of rolls of wallpaper needed. We 
could improve our problem-solving skills by practicing more problems like this and 
by double-checking our calculations to avoid mistakes.

2. Hour
The minute and hour hands of the watch are precisely aligned at the 12 o'clock 

position. 
What is the shortest period of time when they meet again?
−	 Identify the problem: We need to determine the shortest period of time for 

the minute and hour hands of a watch to align again after starting at the 12 o'clock 
position.

−	 Identify the mathematical concepts: We will need to use fractions, ratios, and 
possibly decimals to calculate the time it takes for the hands to align again.

−	 Gather information: The minute and hour hands start at the 12 o'clock position.
−	 Plan your approach: We can first determine how far the minute hand moves 

in a given amount of time, and how far the hour hand moves in the same amount of 
time. Then we can calculate the ratio of the distance moved by each hand, and use 
this ratio to determine the time it takes for the hands to align again.

−	 Solve the problem:
The minute hand moves 360 degrees in 60 minutes, or 6 degrees per minute.
The hour hand moves 30 degrees in 60 minutes, or 0.5 degrees per minute.
We want to find the time it takes for the hands to align again, which is the amount 

of time it takes for the minute hand to move one full rotation more than the hour hand 
(since the minute hand moves faster).

Let x be the amount of time it takes for the hands to align again.
Then the distance traveled by the minute hand is 6x degrees, and the distance 

traveled by the hour hand is 0.5x degrees.
The hands will align when the minute hand is one full rotation ahead of the hour 

hand, which is 360 degrees ahead.
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Therefore, we can set up the equation 6x - 0.5x = 360 and solve for x: 5.5x = 360 
x = 65.45 minutes

−	 Therefore, the shortest period of time for the minute and hour hands to align 
again is approximately 65.45 minutes.

−	 Check your answer: Does the answer make sense? Yes, it is reasonable that the 
hands would take a little over an hour to align again.

−	 Reflect on your solution: This problem required us to use fractions, ratios, and 
decimals to calculate the time it takes for the minute and hour hands of a watch 
to align again. We could improve our problem-solving skills by practicing more 
problems like this and by checking our work carefully to avoid mistakes.

3. Technique 
Olzhas entered prices for a mobile phone, headphones and a bag into the calculator. 

Received the answer 112 000 tenge

Technique Price

Mobile phone 120 000 tg

Headphones 10 000 tg

Phone case 2 000 tg

Olzhas' answer is incorrect. It gave one of the following errors. What mistake did 
he make? 

−	 Identify the problem: We need to determine the price of the phone case since 
the total price for the three items is given but the price of the phone case is not.

−	 Identify the mathematical concepts: We will need to use subtraction and 
possibly decimals to calculate the price of the phone case.

−	 Gather information: The total price for the mobile phone, headphones, and 
phone case is 112,000 tenge. The price of the mobile phone is 120,000 tenge, and the 
price of the headphones is 10,000 tenge.

−	 Plan your approach: We can subtract the prices of the mobile phone and 
headphones from the total price to determine the price of the phone case.

−	 Solve the problem:
−	 Subtract the prices of the mobile phone and headphones from the total price: 

112,000 tenge - 120,000 tenge - 10,000 tenge = -18,000 tenge
−	 The negative result indicates that the price of the phone case was not included 

in the original calculation.
−	 To determine the price of the phone case, we can add the result to the original 

total price and divide by 3 (since there are three items in total): (112,000 tenge - 
18,000 tenge)/3 = 31,333.33 tenge (rounded to two decimal places)

−	 Therefore, the price of the phone case is approximately 31,333.33 tenge.
−	 Check your answer: Does the answer make sense? Yes, it is reasonable that the 

price of the phone case is somewhere between the prices of the mobile phone and 
headphones.

−	 Reflect on your solution: This problem required us to use subtraction and 
possibly decimals to calculate the price of the phone case when given the total price 
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for three items and the prices of two of those items. We could improve our problem-
solving skills by practicing more problems like this and by double-checking our 
calculations to avoid mistakes.

4.Rent
Asan, who visited the city of Astana, calculated the most efficient (cheap) car 

rental for two days from the table below. If Asan traveled 150 km in a day, determine 
how much money he paid

Fuel consumption 
by car

Price of 1 liter of fuel (in 
tenge)

Fuel consumption per 
100 km (in liters)

Rental price for 1 day 
(in tenge)

Diesel 105 8 17500
Gasoline 120 12 16500
Gas 45 16 17000

−	 Identify the problem: We need to calculate how much money Asan paid for a car 
rental for two days, given the fuel consumption and rental prices of three different 
types of cars, and the fact that Asan traveled 150 km per day.

−	 Identify the mathematical concepts: We will need to use multiplication, division, 
and addition to calculate the total cost of the car rental, given the rental price, fuel 
consumption, and price of fuel per liter.

−	 Gather information: Asan traveled 150 km per day, and there are three different 
types of cars to choose from, with different rental prices, fuel consumption rates, and 
fuel prices per liter.

−	 Plan your approach: We can first calculate how much fuel Asan would need 
to drive 150 km in each type of car, given the fuel consumption rate. Then we can 
calculate how much money he would spend on fuel for each car, given the price 
of fuel per liter. Finally, we can add the cost of the rental to the cost of the fuel to 
determine the total cost for each car rental, and then choose the cheapest option.

−	 Solve the problem:
Diesel car: Asan would need 12 liters of fuel to travel 150 km (since fuel 

consumption is 8 liters per 100 km, or 1 liter per 12.5 km). This would cost him 12 
x 105 = 1260 tenge per day. The total cost for two days, including the rental price of 
17500 tenge per day, would be 17500 x 2 + 1260 x 2 = 38,020 tenge.

Gasoline car: Asan would need 18 liters of fuel to travel 150 km (since fuel 
consumption is 12 liters per 100 km, or 1 liter per 8.33 km). This would cost him 18 
x 120 = 2160 tenge per day. The total cost for two days, including the rental price of 
16500 tenge per day, would be 16500 x 2 + 2160 x 2 = 38,480 tenge.

Gas car: Asan would need 24 liters of fuel to travel 150 km (since fuel consumption 
is 16 liters per 100 km, or 1 liter per 6.25 km). This would cost him 24 x 45 = 1080 
tenge per day. The total cost for two days, including the rental price of 17000 tenge 
per day, would be 17000 x 2 + 1080 x 2 = 35,240 tenge.

Therefore, Asan would pay the least amount of money by renting the gas car, 
which costs a total of 35,240 tenge for two days.

−	 Check your answer: Does the answer make sense? Yes, it is reasonable that the 
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gas car would be the cheapest option, since it has the lowest fuel consumption rate 
and the lowest price of fuel per liter.

−	Reflect on your solution: This problem required us to use multiplication, 
division, and addition to calculate the total cost of a car rental, given the rental price, 
fuel consumption, and price of fuel per liter for three different types of cars. We 
could improve our problem-solving skills by practicing more problems like this and 
by checking our work carefully to avoid mistakes.

And now from the experiment to move on to the real situation, will our fifteen-
year-old students of the eighth and ninth grade be able to complete these tasks? In 
general, they will not be able to do. This is because students must have the following 
competencies to perform these tasks.

−	mastery and deep understanding of the main content of mathematics;
−	know the established method of solving it, depending on the type of mathematical 

problem;
−	deep knowledge of definitions and properties of mathematical concepts;
−	acquire abstract and logical thinking;
−	the ability to think flexibly, etc.
How are these skills developed in students? In short, based on the performance 

of tasks of this type. When and where should student’s complete math literacy 
assignments? Of course, in the classroom and in the textbook. However, there are no 
math literacy assignments or classroom assignments in the textbook.

Conclusion
Therefore, we need to include in the content of mathematical subjects 

(mathematics, algebra, geometry, elementary algebra and analysis) tasks in the 
PISA format (discussed and compiled according to the international standard). In 
the same way, we believe that in the future, starting from the 5th grade, a subject 
called “mathematical literacy” should be introduced for 1 hour a week, i.e. 34 hours 
a week, the purpose of which is the formation of the above competence in students. 
Then only then we will not be ashamed before the countries of the world. 
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