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Introduction. Artificial intelligence (AI) has become a crucial component in 
modern HRM systems, improving decision-making and employee satisfaction. AI-
driven chatbots are designed to automate HR functions, facilitate employee 
interactions, and enhance recruitment processes. These virtual assistants simulate 
human communication, enabling organizations to optimize HR workflows efficiently. 
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The integration of AI in HR systems is particularly relevant in the context of Industry 
4.0, where automation and data-driven decision-making play a crucial role in business 
transformation. 

This paper examines the development of AI-powered chatbots for HRM, focusing 
on their design, architecture, and implementation. The study investigates various NLP 
methods for understanding human language, AI-driven decision-making models, and the 
selection of suitable development tools. The research also explores chatbot performance 
through experimental evaluation, demonstrating its effectiveness in HR automation. 

Main part.  
The design and development of chatbots involve a variety of methodologies aimed 

at optimizing functionality, efficiency, and user experience [1]. Understanding the 
intended role and classification of a chatbot helps developers select appropriate 
algorithms, platforms, and tools for its creation. Simultaneously, this classification aids 
end users in setting realistic expectations for chatbot interactions [2]. 

The key requirements for chatbot development include accurate knowledge 
representation, an efficient response generation strategy, and a predefined set of neutral 
responses for handling ambiguous user inputs [3]. The initial step in designing any 
system is its decomposition into modular components based on standardized principles, 
enabling a structured development approach [4]. Figure 1 illustrates the general 
architecture of a chatbot. 

 
Figure 1. General Architecture of AI chatbot. 

 
A chatbot can be integrated with various messaging platforms such as Facebook, 

Slack, WhatsApp, WeChat, and Skype or voice-enabled applications like Amazon 
Echo [5]. The interaction begins when a user submits a query, for instance, "What does 
'environment' mean?" The chatbot processes this query using a natural language 
understanding (NLU) component that determines user intent and extracts relevant 
information (e.g., intent: "translate"; entity: ["word: environment"]) [6]. 

Once the chatbot identifies the most appropriate interpretation of the query, it 
determines the next course of action [7]. The chatbot may: 

− Respond directly based on available data. 
− Retain the interpreted information for future reference. 
− Request additional contextual details or clarification from the user. 
When a query is fully understood, the chatbot executes necessary actions or 

retrieves relevant information. It extracts data from its knowledge base or external 
sources via API calls [8]. 
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The response generation component employs Natural Language Generation 
(NLG) to convert structured data into human-like responses [9]. Depending on the 
chatbot model, responses are generated using one of three approaches [10]: 

− Rule-based models – Follow predefined response patterns. 
− Retrieval-based models – Fetch responses from a knowledge base. 
− Generative models – Use deep learning to generate responses dynamically. 

The dialogue management system maintains and updates the conversational 
context, tracking user intent, identified entities, and missing information required for 
request execution. Additionally, it requests missing details, processes clarifications, 
and asks follow-up questions. For example, after providing a definition, the chatbot 
may ask, "Would you like an example sentence using the word 'environment'?" 

The architecture of an AI-powered chatbot follows a 4+1 model, incorporating 
logical, developmental, process, and physical representations of the system [7].  

Figure 2 presents the different levels of the 4+1 architectural model, originally 
proposed by Kruchten. 

The proposed chatbot system is based on three core abstractions: Idea, Action, 
and Tracker.  

 
Figure 2. Different Views of the 4+1 Architectural Model 

 
The core chatbot architecture is implemented using object-oriented design 

principles. Figure 3 illustrates the UML component diagram, detailing the relationships 
between Dialogue Manager, Idea, Action, and Tracker modules. 

 
Figure 3 – Component Diagram of the Chatbot System 
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Analysis of the Obtained Results 
The evaluation involved 52 participants, who answered questions related to five 

different scenarios and provided feedback on the ease of information retrieval. 
Additionally, participants assessed their overall experience with the chatbot. The 
evaluation was conducted in two stages, with the first stage involving 30 participants 
and the second stage 22 participants. 

During the first stage, a preliminary evaluation identified key aspects requiring 
improvement. This section presents the final evaluation results, comparing them with 
the initial assessment to measure improvements in chatbot performance. The 
percentage of errors for each scenario, based on the total number of questions posed, 
is illustrated in Figure 4. 

 
Figure 4 – Error Rate in Each Scenario. Source: Author’s Development 

 
The percentage of errors was calculated by analyzing incorrect responses in each 

scenario. For instance, in Scenario 1, each participant answered three questions, 
totaling 66 responses across 22 participants. Of these responses, only three contained 
incorrect information, resulting in a 5% error rate relative to the total number of 
questions posed. 

Regarding user experience evaluation, 31.8% of participants found the chatbot 
easy to use, while 27.3% considered it very simple to operate. A neutral response was 
given by 36.4% of users, indicating that chatbot usage was neither difficult nor easy. 
Finally, 4.5% of participants reported that interacting with the chatbot was very 
challenging. 

It is worth noting that 100% of expert evaluators agreed that the chatbot was an 
effective tool for information retrieval. Additionally, 72.7% of participants preferred 
using the chatbot to obtain information over other communication methods. However, 
18.2% preferred making phone inquiries, while 9.1% opted for web-based information 
retrieval. Furthermore, 72.7% of chatbot users experienced no issues during the 
evaluation, whereas 27.3% encountered some difficulties. 

In terms of performance analysis, system logs were examined to assess chatbot 
efficiency during interactions. Each user attempt was recorded and analyzed using the 
"History" section in the Rasa Core web interface, which documents all chatbot 
conversations chronologically.  
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Figure 5 illustrates the average number of activated intents, failed intents, and 
completed intents, along with their corresponding standard deviations. This 
visualization enables an assessment of data deviation from mean values. By analyzing 
the standard deviation bars, the degree of variation in chatbot responses can be 
observed, offering insights into improvements from the preliminary to the final 
evaluation. The overall chatbot performance score was calculated as the ratio of 
completed intents to activated intents. The comparison with the first evaluation phase 
is also depicted in Figure 5, providing a quantitative measure of improvement in the 
chatbot's final version. The average overall score in the final evaluation was 93.83, 
with a standard deviation of 0.06, compared to 86.58 in the initial evaluation, which 
had a standard deviation of 0.09. 

 
Figure 5 – Comparison of Average and Standard Deviation Between Two Evaluations Based on 

Logarithmic System Metrics. Source: Author’s Development 
 

The findings suggest that the chatbot is a valuable tool that could benefit a wide 
range of users. The chatbot demonstrated a high level of accuracy, with minimal 
incorrect responses recorded. Scenarios 2 and 5 received excellent ratings from expert 
evaluators, whereas Scenarios 1 and 4 exhibited a 5% error rate, likely due to the 
increased complexity of these scenarios compared to the others. Scenario 3 recorded 
the highest error rate, suggesting it presented the greatest challenge to users. 

During the evaluation process, it was observed that users adapted to the chatbot's 
functionality over time, ultimately comprehending its responses and instructions. 
However, the analysis also identified areas for improvement, such as expanding the 
chatbot's training dataset, incorporating additional synonyms, common misspellings, 
and abbreviations frequently used in user interactions. 

A manual analysis of interactions revealed that users who followed the chatbot’s 
instructions precisely were able to find the desired information more efficiently. Nearly 
all participants acknowledged the value and benefits of using chatbot technology. 
While further training and refinements are necessary before deployment, the chatbot 
already demonstrates strong potential as a prototype or proof-of-concept system. 

Conclusion.  
The development of AI-driven chatbots involves structured methodologies, 

ranging from intent recognition to response generation. The 4+1 architecture model 
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provides a scalable and modular framework for chatbot design, ensuring seamless NLP 
processing, conversation tracking, and backend integration.  

In conclusion, the developed chatbot demonstrates strong potential for 
deployment as a functional and user-friendly tool. While refinements are necessary to 
address remaining limitations, the chatbot serves as a solid prototype for future 
advancements in AI-driven conversational agents. Further research should explore 
multi-lingual support, integration with external knowledge bases, and adaptive learning 
mechanisms to enhance chatbot capabilities and ensure more intuitive and human-like 
interactions. 
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