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Abstract. Problem statement. Artificial intelligence (AI) conversational tools like 

chat-bots, virtual assistants and dialog trainers begin to apply in education. However, 

its efficiency wasn't explored because of novelty and lack of related application experience. 

In this research an approach to conversations based on AI is considered as means to define 

reflection of educational process participants. And definition results of reflection are compared 

between an AI conversational tool and an expert's assessment in the educational process. 

Methodology. Opportunities of conversational simulations based on AI were analysed for re-

flection assessment. Behavioural markers of reflection in communication were developed as 

well as assessment procedures in online mode with AI simulations and in offline mode with 

an expert assessment. Research was provided as a part of the volunteer’s competition. There were 

65 participants of the research, students of schools and universities. Statistical processing of 

the results was performed using Pearson's criteria. Results. Weak correlation was detected 

between AI and expert assessment. Conclusion. Suggestions were offered about AI assessment 

improvement for increasing assessment precision of reflection of educational process partici-

pants from the methodological point of view as well as from AI algorithms development. 
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Аннотация. Постановка проблемы. Инструменты коммуникации на основе искус-

ственного интеллекта, такие как чат-боты, голосовые помощники, диалоговые тренажеры, 

уже начинают применяться в образовании. Однако эффект от их использования практиче-

ски не изучен в связи с их новизной и недостаточностью соответствующего практического 

опыта. Рассматривается подход к коммуникации на основе средств искусственного интел-

лекта, используемых для определения характеристик рефлексии участников образователь-

ного процесса, а также проводится сравнение результатов подобных процедур, осуществ-

ленных с помощью специальных систем искусственного интеллекта и экспертной оценки. 

Методология. Проанализированы возможности коммуникативных симуляций на базе средств 

искусственного интеллекта для определения характеристик рефлексии. Разработаны харак-

теристики рефлексии на материале коммуникативных процессов, а также процедуры для ее 

дистанционной оценки с помощью симуляций и очной процедуры с помощью экспертной 

оценки в образовательном процессе. Экспериментальное исследование проведено в рамках 

образовательной программы и конкурса участников волонтерского движения. Участники 

эксперимента – 65 волонтеров, школьников и студентов. Статистическая обработка резуль-

татов выполнена с помощью критерия Пирсона. Результаты. Выявлена слабая корреляция 

между определением характеристик рефлексии, осуществленным с помощью симуляций, 

и определением с помощью экспертной оценки. Заключение. Выдвинуты предположения 

об усовершенствовании подходов к определению характеристик рефлексии участников 

образовательного процесса с помощью симуляций на основе искусственного интеллек-

та для повышения точности результатов как с точки зрения организации процедуры, 

так и с точки зрения совершенствования алгоритмов искусственного интеллекта. 

Ключевые слова: информатизация образования, рефлексия в образовании, ин-

струменты оценки, симуляция 
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Problem statement. Communication tools based on conversational artifi-

cial intelligence (AI) become more popular and are already used in education. 

However, results of its application are researched insufficiently. There are articles 

about AI tools application in educational programs and its influence on applica-

tion results [1‒3]. But artificial intelligence tools are often used just as a part of 

adaptive learning systems.  

AI tools are considered to be taking part in the development of metacogni-

tive skills. But some researchers consider that digitalization of education decreases 

the level of educational results and doesn’t allow the development of metacogni-

tive skills [4; 5]. It is supposed that specific instructional design work provides AI 

tools application for competences and skills development. Such work would en-

hance educational program design and quality of learning outcomes instead of 

contradicting them. It’s necessary first to research AI tools application for meta-

cognitive skills assessment to prove such a thesis.  

The research presents comparison between definition of reflection indicators 

of the participants in the educational process with simulation based on AI tools 

and with expert assessment. In conclusion discussed an issue of how to interpret 

the results and how to improve design and development of such simulations.  

The reflection concept has been intensely discussed in modern psychology 

since the middle of the 20th century. And nowadays there are a few approaches to 

define it. Both Russian and foreign scientists agree that reflection – is thinking 

about thinking [6‒9]. In Russian research proceedings of reflection essence and 

mechanism based on methodological action theory of G. Schedrovitsky, V. Zin-

chenko, V. Lefevr, Yu. Gromyko were the foundation of the reflection concept [10]. 

System-Thinking-Activity Approach representatives developed the main theses 

about what reflection is. One of the base terms was “reflective way out”. Mecha-

nism of “reflective way out” exists as the part of activity and is defined as 

“action beyond action” and it’s necessary to stop current action and “go beyond” 

it. That’s the reason why the term “way out to reflection” exists.  

N. Alexeev described the reflection mechanism as a sequence of thought 

acts. He considered following G. Schedrovitsky ideas that reflective action begins 

with the stop of current action. The next step is to trace the considered action and 

draw it like an external object. So, there are three thought acts which reflection 

based on: action stop, action tracing and action objectifying [11]. N. Alexeev 

thought that there is one more element that is needed. That element might be con-

structive and provide action redesign and improvement [8]. So, one more step ap-

peared and called “action alienation” [11].  

Social psychology theories point out that reflection influences social inter- 

action and organises it both in groups and in face-to-face communication. 

For example, there is a thesis about correlation between social conformity and 

level of reflection [12]. Modern scientists define reflection in communication in 

the following way: “The reflection in communication is reflection of common so-

cial activity, assessment of activity with going out of it” [13]. So, it’s possible to 

define reflection in communication as going beyond the communication to com-

prehend the whole situation: surrounding conditions, actors and stakeholders, 

points of view and actors’ gains.  
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There is an assumption that reflection indicators can be shown in the nego- 

tiation process because there are expressed contradictions in actors’ aims . 

And the negotiation process itself implies going beyond the situation of direct 

communication and comprehension gains of both negotiation sides, opponents’ 

situation, his or her point of view, hidden pains and negotiation thesis [14‒16]. 

In particular, in some studies, reflection is described as “a specific quality of 

mutual knowledge and mutual understanding, which is an important condition 

for productive negotiations” [17]. 

The following reflection indicators in negotiation and group communication 

processes were allocated [17]:  

‒ to change point of view and to observe own situation with point of diffe- 

rent person; 

‒ to describe own actions, conditions, with prior distinction from each other, 

been inside negotiation process; 

‒ to reconstruct surrounding conditions; 

‒ to provide new ideas and knowledges which help to solve situation and 

overcome problem and conflict obstacles in negotiation; 

‒ to design and analyze communication strategies. 

The following reflection indicators can be defined in negotiation process 

from the point of N. Alexeev reflection model [6; 15; 16]: 

‒ participant stops unproductive communication which don’t directed to 

a search of common satisfactory decision; 

‒ participant traces differentiation between gains of sides been both as a side 

of the negotiation and as the third side; 

‒ participant elaborates opponents’ point and ask specifying questions; 

‒ participant gives feedback about vision of situation, structures and organi- 

ses understanding of the others; 

‒ participant offers means for communication; 

‒ participant takes into account opponents’ gains and points while searching 

a decision; 

‒ participant designs steps of discussion and monitors the time and rules of 

negotiations; 

‒ participant notices and minimises obstacles and risks and messages about 

it to the others; 

‒ participant finalises, approves and retains results. 

Thus, the above characteristics are reflection indicators that will be observed 

in a negotiation procedure in the educational process. For this purpose communi-

cative simulation of negotiation based on artificial intelligence tools was created 

and expert assessment was organised.  

Research on correlation between metacognitive skills development and AI 

instruments application are new due to the very recent spread of this technology. 

And this topic is discussed in two main directions of AI tools application in edu-

cation: artificial intelligence for instruction and artificial intelligence for educa-

tional assessment. As researches declare the AI tools application for instruction 

concludes in providing sufficient quality feedback to learners. It allows to add in-

structors, to personalise feedback, to provoke discussions and group interaction. 
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The use of artificial intelligence for assessing learning outcomes was explored 

in the process of formative assessment of students, when automatic feedback al-

lowed students to adjust the process of solving a problem and thereby achieve bet-

ter results [18]. 

However, it was possible to find articles only about subject matter compe-

tences in domains of medicine, foreign language learning and STEM subjects. 

There were found no research about artificial intelligence tool usage to develop 

reflection [19]. This work demonstrates how to develop reflection with AI based 

chat-bot application. 

Analysis of the above scientific papers reveals the problem associated with 

the need for additional study of metacognitive skills assessment issues in the edu-

cational process, in particular, defining the indicators of reflection as one of 

the most important such competencies. The article presents a study aimed at 

testing the effectiveness of an AI-based technology to determine the indicators of 

the reflection in the process of communication in education. 

Methodology. The comparison between reflection indicators definition with 

artificial intelligence and with expert assessment is discussed in this article. Simu-

lation of negotiations and expert assessment procedures were developed in the 

educational process to solve this task. Assessment took place as a part of a compe-

tition to define the best volunteer in the community.  

Methodology of competence assessment was used for reflection indicators 

definition. And assessment procedures were developed: in online mode with us-

age of simulation and in offline mode with expert assessment. Based on allocated 

reflection indicators in the negotiation table of behavioural indicators were com-

posed [20; 21] which could be observed in participants behaviour. According to 

such observations, outcomes about reflection indicators demonstrated in commu-

nication were obtained [20; 21]. Based on the table of behavioural indicators be-

haviour evaluation criteria were developed for online simulations and offline 

competition. 

For offline competitions educational games and modelling negotiation pro-

cedures were developed based on proceedings of scientific group leaded by 

B. Khasan1 [16]. For online simulations the plots of situations were developed 

based on interviews with experts in volunteering. These simulations were models 

of negotiation too and consisted of dialog with AI-companion at the screen. Simu-

lations were implemented with “Dailo” app. “Dailo’ – is an application for speech 

interactive simulation with AI-companion (Figure). Each phrase of participant in 

simulation is estimated with artificial intelligence and attributed to a certain pre-

configured pattern of participant behaviour. Depending on how the participant's 

phrase was estimated, the character on the screen demonstrated different responses. 

And so, the participant can change the dialog direction with his or her actions. 

Thus, the effect of natural dialog is achieved between participant and simulation. 

Depending on participants' behaviour (requests and responses) the simulated situation 

can develop both to win-win negotiation solutions as well as conflict escalation.  

 
1 Khasan BI, Novopashina LA, Varfolomeeva YuS, Vatashchak IS, Kongarov AO. Educa-

tional games and procedures for conflict resolution and negotiation: textbook. Krasnoyarsk: Sibe-

rian Federal University; 2019. (In Russ.) 
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The development of such an interactive tool became real only with 

achievements in the field of artificial intelligence. Because otherwise it would be 

impossible to customise the character's reaction to each of the participant's phrases 

and make its behaviour so variable. With artificial intelligence, application inter-

action between system and humans were designed in such a way that the system 

can react flexibly and adjust feedback to the behavioural option which participants 

have chosen. 
 

 

 

So, during the research reflection indicators and criteria for its definition 

were developed. Based on these indicators two procedures were developed: simu-

lation with AI-assessment and competition with expert assessment.  

As the result data was obtained for simulations and expert assessment from 

65 participants, learners from schools and colleges. Each of them firstly partici-

pated in online simulation then in offline competition. Since the definition of 

the reflection indicators was carried out according to the same criteria, a quantitative 

score of competence was obtained for each indicator from 0 to 3 points in online 

and offline procedures. Then the dynamics of participants' assessments with simu-

lation and with experts were compared with usage of Pirson’s criteria to establish 

if there is stable correlation between expert and AI-simulation assessment.  

Results and discussion. As a result, a weak correlation was obtained be-

tween the expert and AI-simulation assessment (Table). 

As could be seen in Table correlation centres are divided into blocks. 

The first block is related with behavioural indicators about opponents’ gains and 

interests comprehension, clarifying the interests and its consideration during nego-

tiations. The second block of indicators is related with organisation of interaction, 
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tracing interaction results. Although the correlations between expert assessment 

and simulations are related with different behavioural indicators, the following 

can be observed.  

 

‒ ‒

‒

‒ ‒ ‒

‒ ‒

‒

‒ ‒ ‒ ‒

 
At the first there are “crossed” correlations. It means that simulations and 

experts “mixed” some indicators with each other. For example, between indicators 

“Understand the points of view of all parties and offer the best solution to the con-

flict for all” and “Try to find out the point of view of the other being a conflict 

stakeholder” cross correlation can be seen. As criteria have some similarities in 

meaning, it’s possible to mix it during simulations or during expert assessment. 

This situation can be seen in at least two cases. 

At the second there is no correlation between the two different blocks of 

correlations. It can be called conditionally “gains comprehension” and “interac-
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tion organisation”. It means that inside each block similar criteria can be mixed, 

but between different blocks there is precise distinction.  

Thus, the conclusion is that there are correlations between various demon-

strations of the reflection indicators of the participants in the educational process, 

but in a weakly expressed form.  

Conclusion. As a result of the study, a weak correlation was found between as-

sessment with simulations based on artificial intelligence and expert assessment of 

the reflection indicators on the material of communication in the educational process. 

The obtained results can be interpreted according to organisation of the as-

sessment procedure as well as to AI-simulation application. It is assumed that 

stronger correlations can be obtained with two changes. On the one hand, it is 

proposed to improve the assessment procedures themselves with simulations and 

with expert assessment. On the other hand, it is proposed to further develop 

the information system based on artificial intelligence in order to further increase 

the flexibility and sensitivity of the assessment. 

The following options are offered for further developments in the described 

direction. 

1. It is necessary to change the procedure of reflection indicators definition. 

Specifically, it’s necessary to assess the competences of participants in the educational 

process not just with the same behavioural indicators but standardise assessment pro-

cedures (simulations and competitions) to provide the same structure and scenarios.  

2. It’s necessary to make assessment instruments with AI-simulations more 

variable and develop more patterns of participants behaviour so that the assess-

ment can be even more flexible and can take into account more behaviour subtle-

ties of the participant in the educational process.  

It is offered to take some actions for the further development of the “Dailo” ap-

plication based on artificial intelligence to increase fidelity of semantic analysis. 

It is necessary to increase variability of answers which can be processed and accord-

ingly variability of feedback and subtleties of behavioural indicators recognition.  

It’s suggested that if to teach artificial intelligence to recognise a flexible tem-

plate for skill assessment or with other words to recognise behavioural patterns then 

recognition fidelity will increase. The further studies accordingly have to be related 

with this flexible template (behavioural pattern) development based on a relatively 

large number of simple templates. At the moment, a competency model and a set of 

behavioural indicators have already been developed to determine the reflection indi-

cators in the communicative process. In the future, each of the behavioural indicators 

will be refined and finalised. Specifically, an array of expert evaluation data for each 

behavioural indicator will be analysed, and these data will become simple templates, 

as the base for a flexible template. So, a behavioural pattern will be formed.  

For considering AI-simulation completed and ready to work as the assess-

ment application it is necessary to develop behavioural patterns for each compe-

tence indicator of different participants in the educational process and teach artifi-

cial intelligence how to recognise it. Then it is necessary to test the instrument 

once again to prove its performance.  
In general, it can be considered that this research proved the efficiency of 

AI-simulations for defining reflection indicators in the educational process and 
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determined the further directions to improvement of means and methods for com-

petence assessment with AI tools application. The next stage of the study is to ap-

ply simulations as an instructing tool not only for assessment, but also for the 

competencies development of participants in the educational process.  
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