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Abstract 
The purpose of this article was to identify the mechanism of bilateral feedback on Mathematics 
homework and to determine its impact on the success of schoolchildren learning. The following 
were used as the main research methods: the study and generalization of pedagogical experience 
which helped to consider possible ways of providing feedback on homework in Mathematics; the 
analysis of student artefacts with subsequent statistical processing. The latter made it possible to 
study the dynamics of students’ knowledge of Mathematics and to judge the effectiveness of 
feedback on homework. The article reveals possible ways to provide feedback on homework in 
Mathematics deploying digital technologies; a scheme for meaningful feedback and ensuring its 
bilateral nature has been developed; the influence of the feedback in question on learning success 
was calculated. The implications of the study involve the fact that the developed didactic 
conditions ensure a bilateral nature of feedback during self-directed learning of Mathematics 
using digital technologies. This, in turn, contributes to the efficiency of the educational process 
and the provision of visible learning. 

Keywords: feedback, homework, effect size, bilateral nature of feedback, visible learning, 
feedback scheme 

 

INTRODUCTION 
In the modern educational process, there is a general 

trend towards a stronger role of feedback. The value of 
the lesson expressed in the development of subject, 
meta-subject and personal competencies of 
schoolchildren, largely depends on the quality of 
feedback arrangements in the lesson. It is especially 
important to organize feedback while studying 
mathematics, since, according to many students, this 
subject is the most difficult. 

In addition, according to the federal state educational 
standard of compulsory education, a modern 
schoolchild should be able to independently determine 
goals and draw up a plan for their activities, as well as 
implement, monitor and correct them (Federal State 
Educational Standard for Compulsory Education, 2010). 
However, the analysis of an actual school practice shows 
that quite so often the student blindly follows what the 
teacher says, without self-regulation of their actions: self-
control, self-assessment, reflection and self-study. 
Meanwhile, according to the researchers, it is the visible 
learning activity that improves the academic results of 

schoolchildren (Hattie, 2017), and goal-setting is ‘central 
to the activities and formation of new human actions’ 
(Ibragimov, 2017). Hattie (2017) writes that the most 
important thing is to make teaching visible to the student 
and leaching to the teacher. The more a student becomes 
a teacher and a teacher becomes a student, the more 
success they will achieve. One of the main conditions for 
creating such an educational environment is the 
availability of and demand for feedback. 

The most common feedback tool is control. Most 
often, control in Mathematics lessons is carried out 
through quizzes, surveys, as well as through self-guided 
work and examination tests. However, all these means 
are predominantly one-way - from the student to the 
teacher. Moreover, the techniques implemented in 
practice do not completely cover all feedback issues, i.e. 
they do not provide participants of the educational 
process (teacher and students) with immediate 
information about the goals of learning, about the course 
and results of learning in the lesson, its milestones, as 
well as about further actions to achieve the goal 
(Zaitseva et al., 2018). In addition, feedback is often only 
result-oriented, but not process-oriented, and the 
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assessment obtained as a result of control does not carry 
any data and does not allow us to see changes in 
educational results. 

However, the quantity and quality of feedback is an 
important correlator of student success. Therefore, it is 
necessary to find such feedback mechanisms that would 
allow students to see the process of their learning, and 
teachers - the process of their teaching, i.e., would make 
learning and teaching visible. The need for such 
feedback has become even more pressing during the 
pandemic when the educational process was forced to be 
carried out remotely. In these conditions, it became 
obvious that without correct and objective bilateral 
feedback it is impossible to ensure the quality of the 
educational process. It is especially difficult to do that 
when studying Mathematics, which does not lend itself 
to a self-study by schoolchildren. Hence the problem: 
what are the feedback mechanisms that would make 
learning open to all participants in the educational 
process? 

The study of literature on Psychology and Education 
shows that the research of both home and foreign 
scientists is devoted to various aspects of feedback in the 
lesson. 

Researchers define ‘feedback’ as ‘a tool that gives an 
idea of how the learning process is undergoing, informs 
the teacher of the achievements and problems of 
students, allowing you to determine the level of goal 
achievement and solution of educational problems’ 
(Begishev et al., 2021; Larionova et al., 2018; 
Myshkovskaya, 2016). However, there is a slightly 
different idea of feedback, which involves obtaining 
information from a teacher by students. This is exactly 
how Hattie (2017) interprets feedback as information 
provided by an agent (which can be a teacher, classmate, 
parent, as well as a book or personal experience) and 
related to aspects of activity or understanding. To 
indicate the feedback that learners receive, Korenev 
(2018) suggests using the term ‘pedagogical feedback’, 
and for the feedback that students report - ‘academic 
feedback’. Also, Korenev (2018) proposed a typology of 
pedagogical feedback according to various classifying 
criteria, for example, according to the conditions for 
providing feedback, to the feedback form, to time, to 
volume, etc. (Korenev, 2018). The research emphasizes 
that feedback is a key element and one of the leading 
principles in the learning process, which quality plays an 

important role in achieving the planned learning 
outcomes (Salomasov, 2011). The conditions under 
which feedback provides students with the information 
that allows them to bridge the gap between the current 
and the desired result were identified (Baisalbaeva & 
Syzdykova, 2019; Razumovskaya et al., 2018). Certain 
studies offer specific methods of organizing feedback in 
a training session (Gin, 2016; Korotkova & 
Litvinovskaya, 2019). 

This problem is also of interest to foreign researchers, 
who studied this problem on the example of various 
subjects (Foreign language, Native language, Biology, 
Mathematics). Thus, Wang and Li (2021) showed in their 
research that the most preferred type of feedback while 
studying English as a second language in the United 
States and English as a foreign language (EFL) in China 
in higher education is repetition (2021). Azizi et al. (2020) 
investigated self-assessment and peer feedback as two 
useful strategies to improve teaching and learning in 
language classes and evaluated their impact on speaking 
skills of EFL students. The results of this study show that 
both methods are useful in various aspects of enhancing 
speaking skills. Roslan et al. (2018) analyzed the use of 
feedback by a primary school teacher using Life Cycle 
lessons in a 5th grade bilingual Brunei Science 
classroom. The analysis showed that the teacher made 
use of only low-level questions and the feedback 
provided to the students was mainly to accept the 
students’ answers, rather than challenge their ideas. 
Monteiro et al. (2019) analyzed the directedness of 
feedback in Mathematics lessons in elementary school 
through the lesson goal and the type of interaction; the 
type of question and answer of the student; the gender 
and student achievement. A study by Hu et al. (2021) 
examined Maths class feedback strategies used by 69 
Chinese preschool teachers. The results showed that 
teachers are quite familiar with the use of feedback 
strategies such as approval, exchange of opinions, and 
teacher persistence. However, in terms of developing 
children’s critical thinking, teachers were ineffective in 
interviewing and engaging with children. 

The analysis shows that, despite the existing scientific 
groundwork, the studies do not present specific hands-
on mechanisms for providing effective bilateral feedback 
in the educational process, on homework in 
Mathematics included. Moreover, all measurements of 
the effectiveness of various feedback methods were 

Contribution to the literature 
• The article reveals possible ways to provide feedback on homework in Mathematics deploying digital 

technologies; 
• a scheme for meaningful feedback and ensuring its bilateral nature has been developed; 
• the influence of the feedback in question on learning success was calculated; 
• the developed didactic conditions ensure a bilateral nature of feedback during self-directed learning of 

Mathematics using digital technologies. 
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obtained abroad and require experimental verification in 
the context of a Russian school. 

In this regard, the purpose of this study is to find a 
bilateral feedback mechanism for homework in 
Mathematics and to determine its impact on the success 
of schoolchildren’s learning. The following were 
identified as the main goals: 1) to determine the ways of 
providing feedback on homework in Mathematics using 
digital technologies; 2) develop a scheme for providing 
meaningful feedback ensuring its bilateral nature; 3) to 
reveal the effectiveness of the influence of feedback on 
homework on the success of learning. 

A review of ways to provide feedback using digital 
technologies on homework in Mathematics will reveal 
some imperfections of the feedback system implemented 
in the educational process, as well as identify the 
currently most appropriate way of providing 
meaningful formative feedback. The developed 
mechanism for providing feedback through the 
exchange of messages will ensure a bilateral nature of 
feedback during home self-study, and the developed 
scheme for providing meaningful feedback will help 
make learning visible to the student and can possibly be 
adopted as a useful tool by the teacher.  

Thus, the implications of the study involve the fact 
that the developed didactic conditions ensure a bilateral 
nature of feedback during self-directed learning of 
Mathematics using digital technologies, and timely 
improvement of the educational process. This, in turn, 
contributes to the efficiency of the educational process 
and the provision of visible learning. 

RESEARCH METHODOLOGY 
The research and trial facilities of the study was a 

boarding school of general education ‘Lyceum named 
after N.I. Lobachevsky’ of Federal State Autonomous 
Educational Institution of Higher Education Kazan 
(Volga Region) Federal University “. The choice of the 
facilities for the study is justified by the fact that the 
educational program of this lyceum is formed taking 
into account the psychological and pedagogical features 
of the student development aged 12-16 years old, 
focusing on independent cognitive search, setting 
educational goals, independent summative and 
formative assessment, initiative in the educational 
cooperation; development of reflection at every age 
level, which resonates with the idea of visible learning. 
The participants in the study were 24 seven graders. The 
choice of the cohort of subjects is justified by the fact that 
it is in adolescence that voluntary self-regulation is 
formed - the conscious control of one’s behaviour and 
activities aimed at achieving the set goals, the ability to 
overcome difficulties and obstacles (Klyueva & 
Gensetskaya, 2017). 

The following research methods were selected: 
examination and generalization of pedagogical 

experience, which helped to consider possible ways of 
providing feedback on homework in Mathematics; the 
analysis of student artefacts with subsequent statistical 
processing. The latter made it possible to study the 
dynamics of students’ knowledge of Mathematics and to 
judge the effectiveness of feedback on homework; 
questionnaire of students, which made it possible to 
judge how the introduced didactic conditions 
contributed to the organization of visible learning.  

In the scientific research methodology, various 
models of pedagogical experiment are proposed 
(Lazarev, 2016). This study uses an experimental design 
with one group, pre-test and post-test. The experiment 
algorithm included the following stages: 

- the experimental group is assessed prior to the 
formative experiment; 

- the developed mechanism for providing feedback 
is being implemented; 

- the effectiveness of the feedback of the proposed 
feedback mechanism is tested. 

The summative assessment of the experiment was 
aimed at identifying the level of students’ knowledge in 
Mathematics. Teaching and learning during this period 
were structured in a traditional way. Feedback on self-
study at home was not collected. The formative 
assessment of the experiment involved testing the 
developed digital feedback mechanism for homework in 
Mathematics. At the control stage of the experiment, the 
effectiveness of the proposed digital feedback 
mechanism for homework in Mathematics was assessed. 

RESULTS 
Students’ performance rating at the summative 

assessment stage was assigned upon the test on the 
‘Numerical expressions and variable expressions’ and 
“Monomial and its standard form” (Feoktistov, 2009). 
Taking into account the complexity of the tasks, a 100-
point grading system was developed for each work, 
which was presented to the students. As the results of 
the summative assessment of the experiment, the 
average scores of the students based on the results of 
these tests were used. 

The results of students’ performance obtained in the 
process of testing at the summative assessment stage of 
the experiment are presented at five levels in percentage 
terms in the form of a diagram (Figure 1). The conversion 
to marks was carried out according to the work program 
as follows: 86-100 points - mark “5”; 71-85 points - mark 
“4”; 50-70 points - mark “3”; <50 points - mark “2”; not 
completed correctly no task or work not handed over - 
mark “1”. 

The diagram shows that marks “4” and “5” were 
received by only 42% of the students (10 people), mark 
“3” - 46% of the students (11 people), mark “2” - 12% of 
the students (3 people). The average score for the test 
was: 65.5 out of 100. 
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Thus, we can conclude that the percentage of the 
students whose level of knowledge corresponds to 
marks “4” and “5” is not high and is only 42%, 
unfortunately, the students with a mark “3” prevail. 

To solve this problem, we, first of all, identified the 
following possible ways of providing feedback on 
homework using digital technologies: 

- a questionnaire through special test forms (for 
example, Microsoft Forms, Google Forms, WEBanketa, 
Menti.com); 

- ready-made templates and constructors of 
interactive tasks where you can place your questions and 
tests (for example, LearningApps, ClassTools); 

- educational platforms and services that have a 
library of ready-made assignments on various topics (for 
example, Yandex.Uchebnik, Yaklass, Moscow Electronic 
School); 

- messaging system (through various messengers, 
e-mail, platforms, for example, Microsoft Teams). 

The first three methods provide automatic feedback, 
in the latter case, the feedback is provided by the teacher. 
Moreover, in the first three methods, the feedback is 
aimed at the result of the activity, i.e., it indicates 
whether the work has been done correctly or not, detects 
errors, but does not allow the student to get answers to 
all the feedback questions at once: ‘What am I striving 
for? Am I doing well? What is the next step?’. In 

addition, the focus of the first three methods on the result 
does not allow the teacher to see the very process of 
teaching Mathematics, they do not see which step in the 
process of solving a particular problem causes difficulty 
for the child. It turns out that the teacher does not have a 
clear picture of how much students consciously perceive 
information and how much they understand the 
educational actions they performed, and, therefore, in 
the future, the teacher does not direct their efforts to 
eliminate the difficulties that schoolchildren face. 

In addition, many platforms have inconvenient input 
of mathematical expressions. Based on the 
abovementioned, the most optimal way to provide 
feedback on homework in Mathematics, in our opinion, 
is the messaging system. The experiment used the 
Microsoft Teams platform for messaging while doing 
homework. 

Following the effective feedback model proposed by 
Hattie (2017) and the recommendations on how to give 
effective feedback (Korenev, 2020), we have developed a 
scheme for providing feedback by the teacher (Table 1). 

This diagram is a working practice-oriented tool for 
the teacher. The unique character of this scheme involves 
the fact that it covers all feedback issues and allows the 
student to see their progress and mistakes completing 
the assignment, and most importantly, it gives 
recommendations for further actions.  

 
Figure 1. The level of knowledge of students at the summative assessment stage of the experiment 

Table 1. Teacher feedback scheme 
What am I striving for? Am I doing well? What is the next step? 
Lesson objective Your work is very convincing! / Great job! / Tasks 

No. ... performed correctly / accurately / without a 
single mistake. / You have successfully coped with 
tasks No. … 
Be more attentive in tasks No. ... / However, in tasks 
No. ... there are inaccuracies, errors 

Find a mistake in problems No. ... 
Doublecheck the calculations in problem No. 
... 
Read the problem question carefully ... 
In order to ..., you need to revisit the rule / 
properties / ... on page of the textbook. 
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At the summative assessment stage of the 
experiment, five lessons were conducted on the topic 
‘The polynomial and its standard form’. The educational 
process was carried out with the feedback which 
informed the students of the learning objectives, 
learning process and further actions. 

Given the idea of visible learning, the students 
received a learning roadmap (Figure 2). It included the 
titles of chapters, paragraphs, topics, lesson objectives, 
and benchmarks for testing. Referring to this map during 
the lesson, the teacher focused the students’ attention on 
the purpose of the lesson, thus the answer to the 
question: ‘What are we striving for?’ was given. 

Feedback on homework was carried out as follows: 
upon completing their homework in Mathematics, the 
students took pictures of it and sent it to the teacher in 
private messages in Microsoft Teams. After checking the 
work, the teacher provided feedback according to the 
developed scheme (Table 1). This allowed the learners to 
get answers to two other feedback questions, ‘Am I 
doing well?’ and ‘What’s the next step?’. After receiving 

feedback, most of the students voluntarily sent the 
corrected work again to the teacher. Also, after analyzing 
the work of students that were sent to Microsoft Teams, 
the teacher in the next lesson focused on challenging 
issues and, if necessary, provided extra advice one-on-
one to the students who struggled to understand the 
material. 

At the control stage of the experiment, to assess the 
effectiveness of the developed digital feedback 
mechanism for homework in Mathematics, students’ 
progress was monitored in the form of a test on the topic: 
‘The polynomial and its standard form’ (Feoktistov, 
2009). Taking into account the complexity of the tasks, a 
100-point grading system was developed. The 
assessment criteria were presented to the students. The 
results of the students’ performance at the control stage 
of the experiment are presented at six levels in 
percentage terms in the form of a diagram (Figure 3). The 
conversion to marks was carried out in the same way. 

54% of students (13 people) received marks “4” and 
“5”, mark “3” - 25% of students (6 people), mark “2” - 

 
Figure 2. Roadmap on the topic ‘The polynomial and its standard form’ 

 
Figure 3. The level of student knowledge at the control stage of the experiment 
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12% of students (3 people), 2 persons was absent from 
the test. The average score for the work was 70.1 out of 
100. 

Comparing the results obtained with the results of 
monitoring the student knowledge at the summative 
assessment stage of the experiment, we can conclude 
that the percentage of students whose performance 
corresponds to marks “4” and “5” increased from 42 to 
54, the percentage of students with a mark “3” decreased 
from 46% to 25%, the number of students with mark “2” 
remained the same. These results are due to the fact that 
many students improved their results from grade “3” to 
“4”. 

To calculate the size of the effect of feedback on 
homework, d, on learning success, the following formula 
was used: 

𝑑𝑑 =
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑓𝑓𝑓𝑓𝑣𝑣𝑣𝑣 − 𝑠𝑠𝑠𝑠𝑓𝑓𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠 𝑣𝑣𝑓𝑓𝑓𝑓𝑣𝑣𝑣𝑣

𝑆𝑆𝑆𝑆
 

where SD is pooled standard deviation. 
In our case, the final GPA is 70.1, the initial GPA is 

65.5, SD≈ 15,67. Calculate the size of effect  

𝑑𝑑 =
70,1 − 65,5

15,67
≈ 0.3 

To interpret the resulting effect size, the following 
scale for assessing educational outcomes proposed by 
Hattie (2017) was used (Table 2). 

Thus, the obtained effect size of feedback on 
homework (d≈ 0,3) is between the small and average 
effect size. 

The effect size is clearly depicted on the barometer of 
Influence adopted in the work of Hattie ‘Visible 
Learning’ (Figure 4). 

Thus, the bilateral feedback on homework in 
Mathematics, carried out using the proposed 

mechanism, has a positive effect on schoolchildren 
performance. 

To find out to what extent the introduced didactic 
conditions contributed to visible learning, a 
questionnaire was circulated among the research 
participants. The questionnaire included the following 
questions: 

1. Were the teacher’s comments on homework 
helpful in achieving your learning goals? 

2. Does the Roadmap serve as a guideline for your 
learning (i.e., do you see what you are learning)? 

3. Do the assessment criteria help you to see what 
you got the grade for? 

For each question of the questionnaire, four possible 
answers were suggested: Yes / Rather yes / Rather no / 
No. 

22 students took part in the questionnaire. The results 
of the questionnaire are presented in the diagrams below 
(Figures 5-7). 

The results of the questionnaire give us the ground to 
conclude that receiving feedback on homework, criteria 
for testing, as well as roadmaps for studying the 
material, contribute to establishing visible learning for 
students. 

DISCUSSIONS 
According to modern research, the educational 

achievements of students largely depend on the quantity 
and quality of feedback. Therefore, it becomes urgent to 
search for such feedback mechanisms that would make 
learning and teaching visible. Since the problem of 
organizing feedback on homework in Mathematics has 
not been studied in the literature, our research was 
aimed at developing didactic conditions that provide 
this kind of feedback. 

Table 2. Scale for assessing educational outcomes (by Hattie) 
Small effect size Average effect size High effect size 

0.2 0.4 0.6 
 

 
Figure 4. Barometer of Influence (Homework Feedback) 
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The study tested a bilateral feedback mechanism for 
Maths homework through messaging on the Microsoft 
Teams platform. According to the results of the study, 
the size of the influence effect of meaningful bilateral 
homework feedback on student performance was 𝑑𝑑 =
0,3. The resulting effect size is halfway between the small 
and medium effect sizes on the scale for assessing 
educational outcomes proposed by J. Hattie (2017). Thus, 
the data of experimental verification confirm that 
providing a bilateral nature of feedback in the course of 

self-directed homework using digital technologies 
contributes to the achievement of higher educational 
outcomes by students. 

However, in the study by J. Hattie (2017), the size of 
the feedback effect obtained on the materials of a foreign 
school is slightly higher than that obtained in this study, 
namely: feedback – 𝑑𝑑 = 0.73; specific feedback forms: 
recurring testing – 𝑑𝑑 = 0.34 test preparation and 
coaching – 𝑑𝑑 = 0.22 formative assessment 𝑑𝑑 = 0.9, 
survey – 𝑑𝑑 = 0.46. In our opinion, these differences are 
primarily due to the relatively little use of the proposed 
feedback mechanism in the educational process. In 
addition, the proposed feedback mechanism is carried 
out through digital technologies in a remote format, 
which also requires longer adaptation on the part of 
students and teachers. 

However, this study further confirms that the quality, 
frequency and promptness of feedback can increase the 
effectiveness of teaching and learning. 

CONCLUSION 
Summing up the results of the study, the following 

conclusions can be drawn: 
1. Various digital technologies: test forms; various 

templates and constructors of interactive assignments 
where the teacher can place their questions and tests; 
educational platforms and services with a library of 
ready-made assignments on various topics; messaging 
systems allow you to provide feedback on your Maths 
homework. However, in the first three cases, the 
feedback is automatic and is often aimed only at the 
result of the activity; in the latter case, it is provided by 
the teacher, which makes it meaningful. In this case, the 
feedback helps develop and promote and is carried out 
at the procedural level, i.e. it helps the student not only 
understand what their result is at the given moment but 

 
Figure 5. Students’ opinion on the benefits of providing 
feedback on homework 

 

 
Figure 6. Students’ opinion on the effectiveness of the 
roadmap 

 
Figure 7. Students’ opinion on the effectiveness of 
assessment criteria for testing 
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also understand what progress they are making in 
learning and what needs to be done to achieve the 
established goal. 

2. In order to make teaching visible and learning to 
be an explicit goal, students may be presented with a 
roadmap that includes titles of chapters, paragraphs, 
topics, goals to be achieved upon the end of the study, as 
well as guidelines for testing. 

3. The effect size of the influence of meaningful 
bilateral feedback on homework on learning progress is 
0.3. The resulting effect size is halfway between the small 
and medium effect sizes on the scale for assessing 
educational outcomes proposed by Hattie (2017). 

Thus, the developed didactic conditions, which 
provide a bilateral nature of feedback on self-directed 
homework using digital technologies, contribute to an 
increase in the effectiveness of the educational process 
and the organization of visible learning. 

LIMITATIONS 
As the study showed, the organization of bilateral 

feedback on homework in Mathematics, carried out 
using the proposed mechanism, has a positive effect on 
the success of schoolchildren’s learning and the 
organization of visible learning. However, providing 
feedback using the proposed mechanism requires a lot 
of time from the teacher, since all feedback is provided 
by the teacher himself and is of a selective, individual 
nature. Nevertheless, at this stage of development of 
modern education, this mechanism is the only way to 
provide meaningful feedback, which is aimed not at the 
result of activity, but at the process of mastering the 
necessary actions by students to achieve the educational 
goal. An urgent issue is the establishment of automated 
feedback, which would also be aimed at the learning 
process and, with the answer to all the feedback 
questions, would form the learning trajectory of each 
student. 
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