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Abstract. This article theoretically analyzes automated models of the feedback process and
highlights their potential applications in education, production, and business. Automated
feedback systems reduce the human factor and provide fast and accurate analysis. The study
presents existing technologies, algorithmic approaches, and recommendations for their practical
application .
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Introduction
The feedback process is a central communication mechanism in almost all areas of human
activity - education, production, healthcare , business management, service provision and even
personal development. Feedback, in its simplest definition, is the process of providing feedback
on the work done, the activities carried out or the decisions made. This process provides the
necessary information to evaluate the results, identify errors and correct them, as well as to
improve future activities. Therefore, feedback systems are an integral part of ensuring high-
quality, fast and effective communication between people and systems.[1]
Traditionally, the feedback process has been carried out by a human, i.e. a teacher, manager,
supervisor or expert. In this case, a person gives verbal or written assessments and
recommendations to the user or team based on their experience and observations. However, this
approach has several limitations: limited human resources, subjectivity, time-consuming
analysis process and difficulties in working with many objects at the same time. For example,
in a large group of students, providing individual feedback to each student takes a lot of time
and as a result, some students may not receive enough support.
In the last decade, the development of information technology, in particular artificial
intelligence (AI) and machine learning technologies, has made it possible to automate the
feedback process. Automated feedback systems collect user data in real time , analyze it, and
automatically provide recommendations based on the results. Such systems are faster, more
accurate , and more flexible than traditional approaches.[2] For example, platforms such as
Grammarly or Turnitin automatically perform functions such as detecting grammatical errors,
providing style recommendations, and checking for plagiarism through text analysis.
In the field of education, automated feedback systems are widely used to assess student
knowledge, analyze test results, automatically check written work , and develop individual
learning paths. For example, “intelligent tutoring systems” (ITS) systems used in US and
European universities monitor student behavior online, determine their level of knowledge, and
offer customized assignments. This not only reduces the workload of teachers, but also makes
the learning process for students individual and effective.
manufacturing and service industries. Using IoT (Internet of Things) technologies, the
performance of production equipment is monitored in real time and automatically analyzed. If
the system detects a malfunction or deviation from the standard, immediate warnings and
recommendations are issued.[3] This reduces maintenance costs and increases production
efficiency.
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However, there are several important factors to consider when automating the feedback process.
First, ensuring the accuracy of the data — incorrect or insufficient data can lead to incorrect
recommendations. Second, the adaptability of the system to user needs — the automated model
should not approach all users the same way, but should take into account individual differences.
Third, human-technology integration — automated systems should not completely replace the
human decision-making process, but rather support it.
Many approaches have been proposed in the scientific literature on the subject . Rule-based
systems are based on a set of explicit rules and are effective in simple tasks, but lack flexibility
in complex and changing conditions. AI-based approaches, on the other hand, learn from user
behavior and improve the quality of recommendations over time. The most promising direction
is hybrid models , which combine the advantages of both approaches (Nicol et al., 2014).
Thus, automated feedback models are one of the important innovative solutions in modern
education and production. They reduce the subjectivity caused by the human factor, speed up
the process and provide more accurate results. At the same time, their effectiveness depends on
the technical capabilities of the system, algorithmic foundations and the degree of adaptation to
user needs. This article discusses the theoretical foundations of automated feedback systems,
existing technologies, practical application cases and future development directions.

REVIEW OF RELATED LITERATURE
On automated feedback models has been conducted mainly in the areas of educational
technology, artificial intelligence, machine learning, and natural language processing (NLP).
Although the first studies in this area began to take shape in the early 2000s , their widespread
application has developed significantly in the last decade.
Shute (2008) emphasizes that for feedback to be effective , it must be timely, accurate, and
tailored to the needs of the learner. The author notes that automated systems have the ability to
adapt to these requirements , providing an adaptive approach to the learning process. Nicol,
Thomson , and Breslin (2014) emphasize the opportunity for students to develop self-
assessment skills in automated feedback systems. Their research shows that automated systems
not only evaluate responses, but also engage students in a reflective process.
Wang and Heffernan (2013) propose that automated feedback can be made more effective by
extending the concept of “intelligent tutoring systems” (ITS). Their model uses machine
learning algorithms to provide individualized recommendations based on the user’s previous
work and behavior. This approach helps personalize the learning process.[4][9]
In recent years, automated feedback systems based on NLP technologies have also been
actively developing. For example, the Grammarly platform analyzes the user's text
morphologically, syntactically and semantically and provides recommendations in real time. In
research conducted by Turner and De Raadt (2013), systems were developed that automatically
analyze code written in programming languages and provide recommendations for finding
errors and improving them.
In addition, automated feedback systems integrated with IoT (Internet of Things) technologies
are widely used in the manufacturing sector. Lee and Lee (2015) demonstrated that real-time
monitoring and automatic warning systems in the manufacturing process play an important role
in increasing efficiency and reducing maintenance costs.
Several researchers (Boud & Molloy, 2013) have also studied the socio-psychological aspects
of automated feedback systems.[5] They believe that the system should establish an interactive
and motivational dialogue with the user , because it is not enough to have high technical
accuracy - it is also important that the user accepts and acts on the recommendation.
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Literature analysis shows that the effectiveness of automated feedback models depends on three
main factors: data quality, algorithm flexibility, and user interface convenience. Therefore,
modern research is aimed at improving these three factors in a comprehensive manner. In the
future, hybrid systems based on the integration of AI, NLP , and IoT are expected to make the
feedback process more efficient and tailored to user needs.

RESEARCHMETHODOLOGY
Used a three-step methodology to develop a scientifically sound approach to automated
feedback models . First, the existing literature and best practices in the field were analyzed. In
this process, scientific articles, technical reports , and practical projects published over the past
decade were studied. Searches were conducted in databases such as IEEE Xplore, SpringerLink,
Google Scholar , and ScienceDirect. During the search, sources related to automated feedback
systems, artificial intelligence-based analysis modules, rule-based models, and natural language
processing technologies were selected. The main criteria for selecting articles were their
coverage of the technical approach, providing practical application examples, and evaluating
effectiveness based on specific indicators. As a result, 87 scientific articles, 12 technical
reports , and 5 practical project documents were selected, from which the main theoretical
concepts and methodological aspects were extracted.[6]
At the next stage, the technological architecture of automated feedback systems was studied in
depth. It was found that the mechanism of operation of these systems usually consists of the
stages of data collection, processing, semantic and syntactic analysis, decision-making and
reporting of results to the user. During the data collection process, text, code, numbers or
multimedia materials entered by the user are transmitted to the system. Then this data is pre-
cleaned, standardized and sent to analysis modules. At the analysis stage, the data is analyzed in
terms of content using machine learning and natural language processing algorithms. At the
decision-making stage, an assessment, recommendation or explanation is formed based on the
results of this analysis, which is returned to the user. The system interface presents the results to
the user in text, graphic or audio form.
In this study, the model development process used scikit-learn and spaCy libraries based on the
Python programming language. Among the artificial intelligence approaches, Random Forest,
Gradient Boosting , and BERT model architectures were tested. A real-world training dataset
was selected to evaluate the effectiveness of the model.[7] A dataset consisting of 500 student
writing assignments and software code samples was used in the testing process. 70% of this
data was divided into training data and 30% as test data. Criteria such as accuracy rate, F1
score , recommendation speed, and user satisfaction index were used in the evaluation process.
The experimental results showed that the AI-based model achieved 92% accuracy and 0.89 F1
score, with an average recommendation time of 1.8 seconds . [8]The rule-based model achieved
78% accuracy and 0.75 F1 score, but the response speed was 0.9 seconds .
Ethical issues were also taken into account when developing the methodology. Personal data of
students and users were anonymized, and personally identifiable elements were removed. In
order to prevent incorrect or ambiguous recommendations, a human-in-the-loop approach was
integrated into the system. This approach allowed for human verification of the system's
independent decisions and reduced errors. Some technical limitations were also observed. For
example, it was found that the process of processing large amounts of data in real time requires
a lot of computer resources , and training machine learning models requires a lot of time. It was
observed that the morphological complexities inherent in the Uzbek language may affect the
effectiveness of NLP models.[9]
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During the methodology, several strategic directions were identified for future system
improvements. The priority areas include creating hybrid models that combine rule-based and
artificial intelligence approaches, developing NLP architectures adapted to the Uzbek language,
and expanding mechanisms for providing personalized recommendations based on user
profiling. It is also expected that creating the ability to provide feedback not only in text, but
also in audio and visual form will expand the scope of the system.
In general, this methodology was developed based on a three-stage approach: in the first stage,
theoretical foundations and existing experiences were studied, in the second stage, a
technological model was developed, and in the third stage, practical tests were conducted to
determine the effectiveness of the system. This methodological approach can serve as a solid
basis for creating automated feedback systems not only in the field of education, but also in
other areas such as manufacturing, services , and medicine.

ANALYSIS AND RESULTS
The automated feedback system developed during the study was tested using three different
model approaches: a rule-based model, an artificial intelligence (AI)-based model , and a hybrid
model. The effectiveness, accuracy, speed of operation , and user satisfaction of each approach
were analyzed separately. A total of 500 student written assignments, code samples, and short
essays were used as the data set during the tests. The data was divided into 70 percent for
learning and 30 percent for testing.
The rule-based model worked on the basis of syntactic structure and predefined grammatical
and semantic rules. The advantage of this model was the speed of response and the consistency
of the explanations. It responded to the user in an average of 0.9 seconds, achieving an accuracy
level of 78%. The F1 indicator was 0.75 , which indicates a balanced level of performance of
the model. However, the main disadvantage of this approach is its low flexibility and the
tendency to make errors in complex language constructions.[10] In particular, it was observed
that the model gave incorrect recommendations in complex cases related to word formation and
form changes in the Uzbek language.
The AI-based model was developed based on the BERT architecture and trained in a version
partially adapted to the Uzbek language. This model allowed us to understand the text in a
semantic context, and also showed high accuracy in analyzing complex sentences . As a result
of the tests, the AI model achieved 92 percent accuracy and an F1 index of 0.89 . The average
recommendation speed was 1.8 seconds . In terms of user satisfaction, the AI model showed the
highest result, as it provided explanations in most cases in accordance with the context and in a
logical sequence. However, this model was resource-intensive and required more time and
computing power when working with large amounts of data.[11]
The hybrid model combines the speed of the rule-based approach with the semantic accuracy of
the AI model. As a result, this model was able to make recommendations in an average of 1.2
seconds and achieved an accuracy level of 90 percent. The F1 index was 0.87 . Although it had
a slightly lower accuracy than the AI model , the response speed was improved and the resource
requirement was relatively reduced. This approach was shown to be a balanced solution in
terms of user experience .[12]
One of the important aspects identified during the analysis is that the effectiveness of an
automated feedback system depends not only on technical parameters, but also on the level of
user interaction with the system. For example, the more understandable, specific and
personalized the feedback given to the user, the more positively it was received. Therefore, it
was found that it would be useful to integrate a mechanism for analyzing user profiles and
providing personalized recommendations into the system.
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The automated analysis process in Uzbek also encountered some technical obstacles. Due to the
insufficient sophistication of the morphological analysis modules used in natural language
processing models , in some cases there were cases of misinterpretation of the meaning of a
word in context. This led to significant errors, especially in scientific texts or technical
documents. To solve this problem, it was found that it was necessary to expand the base of
morphological analyzers and to more deeply integrate the specific grammatical rules of the
language.
The results show that improving the user experience is not enough to improve technical
performance alone. Pedagogical and psychological approaches should also be taken into
account in the feedback process . For example, using neutral and constructive language when
expressing critical opinions and enriching recommendations with practical instructions
increased user motivation. Also, the ability to interactively receive and edit recommendations
provided by the system increased the duration of users' use of the system.
During the practical tests, the performance of the three models was monitored in real time. For
each model, CPU and RAM consumption, processing speed, and result quality were recorded.
The rule-based model required the least resources , but its accuracy was lower. The AI model
provided the greatest accuracy, but had higher resource consumption . The hybrid model
provided the optimal balance between these two approaches.
The results of this study allowed us to identify several strategic directions in the development of
automated feedback systems. First, a hybrid approach appeared to be the most effective option
to increase the accuracy and speed of the system. Second, by improving the NLP modules
adapted to the Uzbek language, the accuracy and contextual understanding of the AI model can
be further improved. Third, to improve the user experience , it is necessary to introduce a
mechanism for providing interactive, personalized and pedagogically sound recommendations.

CONCLUSION AND SUGGESTIONS
Research results in the field of automated models of the feedback process have shown that these
systems are important innovations that can be effectively used in various fields such as
education, manufacturing, and service provision. Traditional feedback methods depend on the
human factor and are subject to subjectivity, time-consuming, and have limitations in
processing large amounts of data. Therefore, the introduction of automated systems allows not
only to speed up the process, but also to increase the accuracy and stability of the assessment.
The study tested rule-based, artificial intelligence (AI)-based , and hybrid models. Each
approach has its own advantages and disadvantages. The rule-based model , while fast and
resource-efficient, suffers from poor accuracy in complex and context-sensitive situations. The
AI-based model excels in semantically analyzing complex texts, understanding context , and
achieving high accuracy. However, it has a high computational resource requirement and a
slower processing speed. The hybrid model combines the advantages of both approaches and
provides optimal results—high accuracy and sufficient speed.
The morphological and syntactic complexities inherent in the Uzbek language have affected the
efficiency of automated systems. Therefore, it is necessary to improve NLP modules that take
into account the specifics of the language. This will allow not only technically, but also for
users to provide more customized and accurate results. Also, the convenience of the user
interface and the possibilities of personalization of the system will serve to increase the
motivation of feedback recipients and actively involve them in the process.
The analysis showed that the success of an automated feedback system depends not only on
technical indicators, but also on pedagogical and psychological factors. Feedback should be
clear, understandable, constructive and motivating. In addition, giving users the opportunity to
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edit their feedback, respond and further enrich their comments encourages long-term use of the
system. Therefore, without completely denying the human factor, it is necessary to combine it
with automated processes.
The introduction of a human-in-the-loop approach in the research methodology served to
reduce the number of incorrect recommendations and increase the reliability of the system. This
approach allowed for the effective addition of human expertise, taking into account the
limitations of the technology. At the same time, it was found that the real-time processing of
large amounts of data and the requirements for computing power can limit the efficiency of the
system. These issues should be addressed by increasing modern IT infrastructure and resources.
There are several strategic directions for further development of automated feedback systems in
the future. First, it is important to further improve hybrid models and adapt them to user needs
and language features. Second, the accuracy and ability to understand context of systems can be
increased by in-depth study and development of NLP technologies specific to the Uzbek
language. Third, it is necessary to enrich system interfaces with interactive, personalized and
diverse feedback options - text, audio and visual.
Also, when introducing automated feedback systems into the educational process, it is
necessary to pay attention to the formation of a culture of using the system among teachers and
students. Providing users with sufficient information about the capabilities and limitations of
the system, and training them in the effective use of technology, will contribute to the success
of the process. This, in turn, will help to further improve the quality of feedback.
In conclusion, automated feedback models, using modern technologies, reduce the negative
effects of the human factor, speed up the process and improve its quality. Their effectiveness
depends on the system architecture, the flexibility of algorithms, the correct understanding of
language and context, and effective communication with the user. Therefore, further research
and practical work in this area should be focused on the integration of AI, NLP, and IoT
technologies, as well as on further deepening human-technology cooperation. This will create
opportunities for the wider , more effective, and sustainable use of automated feedback systems.
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