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ABSTRACT 
 
The mathematical task is a basic structural unit of teaching mathematics; moreover, the subject of teaching is developing students’ ability to 

solve mathematical problems. It is important for teachers to understand what mental states accompany various types of students’ activities in 

the learning process, including the solution of mathematical problems of various levels of difficulty. Mental states are triggered by external 

conditions and some person’s attitude to the activity he is engaged in. We have conducted a study of the dynamics of mental states of 10th 

grade students in the process of solving problems based on both productive and reproductive activities. It showed different dynamics of positive 

and negative activity (practical) states. In the process of solving tasks of different levels of learning on the theme "Circles and polygons" there 

has been students’ phased (after the analysis and after the solution of a task) self-analysis of their states. Students experiencing difficulties in 

solving problems based on productive activity showed the increased level of negative activity states, whereas after a task analysis on 

reproductive activity the level of positive activity states rose. 

 

INTRODUCTION 
  
In the context of the rapidly changing information society, many countries face the problem of lowering the 
quality of mathematical background of students. The ability to solve mathematical problems is a key and 

necessary component of mathematical training. Understanding the basics of the process of solving 
mathematical problems in the framework of psychological and pedagogical researches has become a new 

stage in the development of modern training technologies. 
 

The process of solving mathematical problems 
 
The process of solving a mathematical problem involves a set of human actions aimed at solving it: from the 

first acquaintance with the statement of the problem to the design of the answer [1]. Under the concept of 
"problem solving" we will understand one of the stages of the process of solving the problem. There are 

various approaches to the selection of stages of solving a mathematical problem. Poya [2] distinguishes four 

stages of solving the problem: understanding of the proposed problem; analysis of the problem; synthesis, 
implementation of the found solution idea; verification and critical evaluation of the obtained solution. 

 

Classification of the difficulty level of mathematical problems 
 

The concept of "the level of difficulty of a mathematical problem" is defined through a set of its objective and 
subjective components [3,4].  

 

Understanding the level of difficulty of problems implies their different classifications [5,6]. V.P. Bespalko 
classifies problems by levels of achievement [Table 1] [7]. 

 

Table 1: The classification of tasks according to levels of achievement 
 

 

 
Understanding the differences in dynamics and quality of mental states in the process of solving problems of 

different levels of difficulty will help to activate students' activity state in learning mathematics. 
 

 

N Type of 
problems 

Aim Situation Actions to 
solve the 
problem 

Student's actions 

1 «pupils'» + + + find out compliance 

2 typical + +  apply a previously known 
algorithm 

3 atypical +   apply a previously unknown 

sequence of actions 

4 creative    Carry out a research 
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Activity mental states in the process of solving mathematical problems 
 
Many scientists studied problems of cognitive bases of mathematical preparation of students [8,9,10]. The 

theoretical basis of the psychological side of our research was the study of the interaction of mental states 
and cognitive processes in the context of general psychological mechanisms [11], as well as functional 

asymmetry of positive and negative mental states [12, 13]. A number of researches of cognitive bases of 
mathematical training of schoolchildren and students became interesting and important for us – they are 

researches of cognitive and metacognitive activity which are the basis of training in mathematics, also, 
studying of the leading processes of mathematical thinking [14,15] and induction by analogy as the main 

meta procedures of the solution of mathematical problems and development of instructions on its application 
in the learning process [16, 7]. 

 
Regularities of mutual transitions of cognitive states, temporal, gender-based and productive characteristics 

were studied by many researchers [17, 8]; private psychological concepts of cognition in mathematical 
education were developed and their empirical verification was carried out [18, 19]. 

 

One of the metacognitive states that accompany the process of solving the problem in mathematics is "the 
feeling of difficulty" of the solved problem and its impact on the productivity of the solution [2]. They showed 

the influence of negative mental states on academic progress in mathematics, for example, anxiety and the 
state of "hostility to mathematics" significantly worsen students' mathematical achievements [20].  
 
Problem statement 
 

The teacher's understanding of the reasons for the change of mental states of students in the process of 
solving mathematical problems of various levels of difficulty will make it possible to organize the educational 

activities of students more effectively; in particular, teachers will be able to use methodological and 
psychological techniques timely that promote the stimulation of positive activity states and levelling negative 

activity states. 
 

Research questions 
 

The study focuses on the analysis and synthesis of answers to the following methodological and psychological 
questions: 

 

 Whether activity mental states are activated and what their dynamics is at the solution of the 

mathematical problems directed on reproductive or productive activity of pupils? 

 Is there a link between students' success in solving mathematical problems that stimulate 

reproductive and productive activities? 

 Do the dynamics and quality of mental states differ depending on the success in solving problems of 

different levels of difficulty? 
 

Purpose of the Study 
 

The research questions determine its purpose – on the basis of the dynamics of praxic states in the process 
of solving mathematical problems of various levels of difficulty it is necessary to assess the most favorable 

conditions for the construction of a system of mathematical problems aimed at improving the quality of 
activity states in the learning process. 

 

Organization of experimental work with high school students to solve problems of different 
levels of difficulty with parallel psychological questioning 
 
68 pupils of the 10th grades (16-17 years old) from one of the lyceums of Kazan (Russia) took part in the 

study. The sample presents students of various levels of training in mathematics (grade 10A, physical and 

mathematical profile; grade 10B, chemical and biological profile; grade 10C, humanitarian profile). In 
accordance with the educational program, for mathematical testing students were offered a system of 

problems on the complex topic of the course "Circles and polygons". The experimental work was organized in 
April 2017 in three stages: 1st day (56 students) – a conversation with a psychologist about the mental states 

of the person; 2nd and 3rd days (57 and 48 students, respectively) – the solution of 4 problems of different 
levels of difficulty. 

 

METHODS 
 
The purpose of mathematical testing of students was shifted, focused on the psychological side of the 

experiment to protect students from anxiety in solving mathematical problems. The study of students' praxic 
states was organized in isolation from the educational process and the teacher, who undoubtedly plays an 
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important role in activating the mental states associated with the relations of students and teachers. All this 

made it possible to organize an experimental work. 
  

Methods of diagnostics of mental states in the process of solving mathematical problems 
 
The experiment was based on the method of diagnosis of mental states by A. O. Prokhorov [11]. In the group 

of positive activity states the author includes activation, vivacity, fun, admiration, attention, interest, joy, 
peace, happiness, satisfaction, pleasure, patience, mood (good), thoughtfulness, meditation. In the group of 

negative activity states-apathy, fatigue, fear, excitement, sadness, anger, difficulty, laziness, boredom, 

drowsiness, mood (bad). 
 

On the first day of the study, each student was offered a list of mental states. Previously, students had a 
conversation about mental states, the need to establish and regulate them, and focusing on the list, they 

were proposed to fix for training their state in everyday life. 
 

On other days, students were given the following questionnaire sheets: at first they were offered to fix their 
mental state at the beginning of the survey, then – two times in the course of solving each of the proposed 

mathematical problems. Thus, in one day of the research students specified nine times one or a complex of 
states which they felt at different stages of the solution of a problem. 

 

Methods of organizing the process of solving mathematical problems of various difficulty 
levels 
 
In the test, the concepts of "circle", "inscribed and central angles", "secant and chord of the circle", 

"trapezoid", "inscribed trapezoid", "inscribed triangle", "the location of the circles relative to each other" were 

actualized. There were 3 problems for the reproductive activity and one problem for the productive one. 
 

RESULTS AND DISCUSSION 
 

The results of the work carried out to solve problems of various levels of difficulty 
 
2% of the students coped with the problems on the geometry of the productive level of acquisition, 72% of the 

students showed a good reproductive level of acquisition. Qualitative analysis of the work showed that most 

of the students do not have positive experience in solving problems of atypical and creative levels of 
acquisition.  

 

Quality and dynamics of activity mental states in the process of solving problems 
 

Let's pay attention to how students reacted to psychological testing. If mathematical problems were solved 
due to interest or habit, the assessment of mental states caused various emotional reactions. According to 

their reaction, students can be divided into three groups. 

 
Group 1 – students who ignored the psychological aspect of the study. This manifested itself in the fact that 

they constantly recorded absolutely the same state. On the first day of the study there were four of 55 (7%) 
students on the first day, 6 of 46 students (13%) on the second day.  

 
Group 2 – students who did not show the dynamics on the tasks of the reproductive level of acquisition, but 

reflected it on the tasks of the productive level of acquisition. On the first day of the study the number of such 
students was 7 (13%), on the second day – 5 (11%). 

 
Group 3 – students who recorded a more diverse list of states in solving problems. 

 
We will analyse what students' mental states accompanied the solution of problems of various levels of 

difficulty. Among 945 possible references of states all students mentioned more often: calmness (150 times), 
apathy (120), drowsiness (100), reflection (93), difficulty (83), boredom (83), attention (80), thoughtfulness 

(78). Note that apathy, drowsiness and boredom were often mentioned at the same time (in pairs or all 
together). The state of "difficulty" reached its highest values after the stage of analysis of problems for 

productive activities (see [Fig. 1]). (Stages of fixing mental states in the process of solving problems: 1.0 and 
2.0 – before mathematical questioning, 1.1 – after the analysis of the 1st problem, 1.2 – after the solution 

and registration of the answer, 2.1 – after the analysis of the 2nd problem, etc.)). 
 

On the first day before the solution of problems (stage 1.0) the ratio of states belonging to groups of positive 
activity states (PAS) and negative activity states (NAS) is approximately the same. In the course of solving the 

problems of reproductive level of acquisition (steps 1.1 – 3.2), most of the student’s experience PAS, the 
lesser – NAS. Most of the children coped with the problems- they were satisfied with their work, and, indeed, 

72% of the students successfully solved the problems of reproductive level. Small fluctuations of PAS and 
NAS began to change the direction of activity states in solving the third problem. In general, the problems are 
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familiar, similar problems were solved earlier by them, so there is no special dynamics of state changes. The 

situation changes as the students begin to analyze a problem that requires productive activity. If PAS 
increased after the analysis of the statements of the problems of the reproductive level of acquisition (stages 

1.1, 2.1, 3.1), then after the analysis of the fourth problem there is an increase in NAS. After the solution, 
there is a further significant decrease in students' NAS. 

 
 

 
 

 
 

 
 

 
 

 
 

 

Fig. 1: Dynamics of change in the number of references of mental state "difficulty". 

………………………………………………………………………………………………………………………… 
 
The mental state "calmness" reached its minimum exactly at the solution of problems of atypical and creative 

level of acquisition (see [Fig. 2]). 
  

 
 

 
 

 
 

 
 

 
 

 
 

Fig. 2: Dynamics of changes in the number of references of mental state "calmness». 

………………………………………………………………………………………………………………………… 
 
Mental states "apathy, drowsiness, boredom" reached the highest values at the beginning of the test, falling 

as the problems were solved. 

 
We will arrange the states offered by students into groups and show the dynamics of changes in each group 

depending on the stage of solving problems (see [Fig. 3]). 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Fig. 3: Dynamics of positive and negative activity states in the process of solving mathematical problems. 

………………………………………………………………………………………………………………………… 
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stages of problem solving 
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CONCLUSION 
 
During the mathematical testing, it is concluded that the vast majority of students are not familiar with the 
tasks on the topic of "Circles and polygons" aimed at productive activity. Lack of such positive experience 

results in increase in both PAS and, to a greater extent, NAS. 
 

Problems on reproductive activity do not demonstrate a great dynamics of activity states: the easier the 
problem is, the less dynamics we have. Furthermore, the quality and nature of the change in students' states 

do not depend on students' mathematical background. Conclusion: if the problem is familiar to students, he 
had the experience of solving it, it does not activate his praxic state. 

 
Thus, the system of problems at mathematics classes should be maximally filled with tasks on productive 

activity as they raise the quality of pupils' mathematical preparation and stimulate dynamics of activity states, 
in particular, cognitive and volitional states.  

 
The greatest activation of PAS occurs at the stage of task analysis when the student is not sure of the success 

of the solution, the decrease occurs after a successful ("seeming" successful) solution of the problem. [21]. 
 

Therefore, the system of problems should consist of tasks combined by a subject matter that seem within 
their powers, but cause difficulty. The solution of these problems should, on the one hand, be feasible, but 

contain new ideas. One should find other special methodological and psychological techniques that contribute 
to increase in the positive activity states. 

 

CONFLICT OF INTEREST 
There is no conflict of interest. 

 
ACKNOWLEDGEMENTS  
The work is performed according to the Russian Government Program of Competitive Growth of Kazan Federal University. The study 

was carried out with the financial support of RFBR and the government of the Republic of Tatarstan, project № 17-16-16012. 

 
FINANCIAL DISCLOSURE 
None 
 

REFERENCES 

 
[1] Falileeva MV, Choshanov MA. [2015] Predstavleniya 

budushchih uchitelej o processe resheniya 

matematicheskoj zadachi, Matematicheskoe obrazovanie v 

shkole i vuze: teoriya i praktika (MATHEDU-2015): materialy 

V Mezhdunarodnoj nauchno-prakticheskoj konferencii, 

Kazan': Izd-vo Kazan. un-ta. 245-250. 

[2] Poja D. [1961] Kak reshat' zadachu: posobie dlya uchitelej. 

D Poja; per. VG Zvonareva, DN Bell; red YUM Gajduk – 

Izdanie 2-e – Moskva: GUPI Ministerstva prosveshcheniya 

RSFSR. 208. 

[3] Shakirova LR, Falileeva MV. [2017] Zadachi 

reproduktivnogo i produktivnogo urovnej usvoeniya po teme 

«Okruzhnosti i mnogougol'niki», Zadachi v obuchenii 

matematike, fizike i informatike: teoriya, opyt, innovacii: 

materialy II Mezhdunarodnoj nauchno-prakticheskoj 

konferencii, Vologda. 291-294. 

[4] Shakirova LR, Falileeva MV, Yusupov MG. [2016] 

Ocenochnye suzhdeniya uchashchihsya 5-h klassov ob 

urovne trudnosti matematicheskih zadach, Procedury i 

metody ehksperimental'no-psihologicheskih issledovanij 

otv red. VA Barabanshchikov.  M: Institut psihologii RAN. 

581-588. 

[5] Shakirova LR, Falileeva MV. [2017] Zadachi 

reproduktivnogo i produktivnogo urovnej usvoeniya po teme 

«Okruzhnosti i mnogougol'niki», Zadachi v obuchenii 

matematike, fizike i informatike: teoriya, opyt, innovacii: 

materialy II Mezhdunarodnoj nauchno-prakticheskoj 

konferencii, Vologda. 291-294. 

[6] Bespal'ko VP. [1989] Slagaemye pedagogicheskoj 

tekhnologii, Moskva: Pedagogika. 192. 

[7] Richland LE, Zur O, Holyoak KJ. [2007] Cognitive supports 

for analogies in the mathematics classroom. Science. 

316(5828):1128-1129. 

[8] Rouxel G. [2000] Cognitive-affective determinants of 

performance in mathematics and verbal domains - Gender 

differences. Learning and Individual Differences. 12(3):287-

310. 

[9] Stein MK, Grover BW, Henningsen M. [1996] Building 

student capacity for mathematical thinking and reasoning: 

An analysis of mathematical tasks used in reform 

classrooms, American Educational Research Journal. 

33:455-488. 

[10] Prokhorov AO, Yusupov MG. [2015] Interaction of mental 

states and cognitive processes in learning activity of 

students, Social Sciences (Pakistan). 10(2):81-88. 

[11] Fredrickson BL. [2013] Positive Emotions Broaden and 

Build. Advances in Experimental Social Psychology. 47:1-

53. 

[12] Isen AM. [2004] Some Perspectives on Positive Feelings 

and Emotions: Positive Affect Facilitates Thinking and 

Problem Solving. En A Manstead, Feelings and Emotions: 

The Amsterdam Symposium. 

[13] Efklides A, Papadaki M, Papantoniou G, Kiosseoglou G. 

[1997] Effects of cognitive ability and affect on school 

mathematics performance and feelings of difficulty. 

American Journal of Psychology. 110(2):225-258. 

[14] Goos M. [2002] Understanding meta cognitive failure. 

Journal of Mathematical Behavior. 21(3):283-302. 

[15] Prokhorov AO, Chernov AV, Yusupov MG. [2016] The 

relationships of mental states and intellectual processes in 

the learning activities of students, International Journal of 

Environmental and Science Education. 11(6):1031-1037. 

[16] Shakirova L, Falileeva M, Kinder M. [2017] Assessment of 

the Level of Students' Productive Activity in Solving 

Mathematical Tasks, 9th International Conference on 

Education and New Learning Technologies, EDULEARN17, 



 ISSUE: Multidisciplinary Social Science & Management  

www.iioab.org    | Shakirova et al. 2019 | IIOABJ | Vol. 10 | S1 | 122-127 | 

 

127 

Barcelona, Spain. 1570-1575. 

[17] Hannula MS. [2012] Exploring New Dimensions of 

Mathematics-related Affect: Embodied and Social Theories. 

Research in Mathematics Education. 14(2):137-161. 

[18] Sewell TE, Farley FH, Sewell FB. [1983] Anxiety, Cognitive-

style, and Mathematics Achievement, Journal of General 

Psychology. 109(1):59-66. 

[19] Stein MK, Grover BW, Henningsen M. [1996] Building 

student capacity for mathematical thinking and reasoning: 

An analysis of mathematical tasks used in reform 

classrooms, American Educational Research Journal. 

33:455-488. 

[20] Krupich VI. [1995] Teoreticheskie osnovy obucheniya 

resheniyu shkol'nyh matematicheskih zadach, Moskva: 

Prometej. 210. 

[21] Rouxel G. [2000] Cognitive-affective determinants of 

performance in mathematics and verbal domains - Gender 

differences. Learning and Individual Differences. 12(3):287-

310. 

 

 

 

 

 


