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Abstract: 

This study presents the development of a Turkish Natural Language Processing (NLP) module for Socially 

Assistive Robots (SARs), aiming to enhance their integration into public spaces and smart environments. 

The rising labor costs and limitations of human staffing in developed regions, including Turkey, underscore 

the need for localized language capabilities in SARs. Leveraging advanced machine learning techniques, the 

system fine-tunes a BERT-based model specifically for Turkish language understanding and response 

generation. Trained on a dataset of 61,293 question–answer pairs, the system achieved 95% voice 

recognition accuracy, 82% response accuracy, and a 92% speech comprehensibility rating among native 

Turkish speakers. It also reached a 72% F1-score and a 72% Exact Match (EM) score, confirming its ability 

to generate contextually appropriate responses. These results highlight the system‘s effectiveness in enabling 

natural and intuitive interactions. The developed module demonstrates significant potential for deployment 

in public domains such as universities, hospitals, airports, and shopping centers, where it can assist users in 

navigating environments and accessing essential services. Furthermore, the research showcases educational 

benefits through the Temi OS platform, offering hands-on learning opportunities in robotics, AI, and natural 

language processing. Competitions based on SAR development further encourage innovation among 

students and researchers. In conclusion, this work illustrates the critical role of Turkish-language SARs in 

improving service accessibility and advancing AI education. Future efforts will focus on refining linguistic 

capabilities, expanding interactive features, and conducting long-term user engagement studies to maximize 

societal impact. 
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 Introduction 

The integration of smart home technology and robotics into daily life is rapidly increasing. Socially assistive 

robots (SARs), designed to interact with humans, are emerging as a crucial component of this 

transformation. Despite significant advancements in mobile service robots, research on their social 

interactions and seamless integration into smart environments remains limited. Initially, robots were 

introduced into homes for repetitive, non-interactive tasks such as cleaning [1], surveillance [2], and 

cooking. More recently, companion robots like Astra Amazon, Alexa on Wheels, Jibo [3], and Temi [4] 

have expanded their roles, offering support in entertainment, comfort, and companionship. Garcia-Haro [5] 

classified service robots into ten main categories, recognizing SARs as an emerging field in the robotics 

market. SARs, whether physical or digital, are designed to interact socially with humans, providing 
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companionship and assistance through human-like interactions [6]. Studies indicate that embodied robots, as 

opposed to disembodied speech agents, enhance user engagement, confidence, and enjoyment [7][8]. Their 

effectiveness depends on both utilitarian (task functionality and perceived usefulness) and hedonic (user 

experience and enjoyment) factors [9]. However, cost, reliability, and limited functionality have hindered 

widespread adoption. Many companies and researchers prioritize technology-centric approaches, often 

neglecting the user experience. To increase adoption, there is a growing need for user-centered design 

methodologies that integrate both experiential and functional elements. 

A notable example of SARs is Softbank Robotics‘ Pepper, a humanoid robot designed for social interaction. 

While it has limited grasping capabilities, its ability to communicate via natural language and a touchscreen 

makes it suitable for use in shopping malls, elderly care facilities, and homes [10]. Similarly, robots like 

Temi have been deployed in educational settings, such as the Center for Independent Language Learning 

(CILL) at Hong Kong Polytechnic University [11]. Temi‘s voice-controlled navigation enhances 

accessibility for users unfamiliar with digital devices. 

Advancements in Large Language Models (LLMs) have significantly improved natural language processing 

(NLP), especially in question-answering (QA) systems. LLMs such as BERT, GPT, and their successors 

have revolutionized text comprehension, surpassing traditional rule-based methods. GPT models, 

particularly GPT-3, generate coherent and contextually relevant responses, making them suitable for open-

domain QA tasks. For instance, studies have evaluated GPT-3.5‘s performance on health-related QA tasks, 

revealing both potential and limitations in evidence-based reasoning [12]. Similarly, BERT‘s bidirectional 

context understanding has proven instrumental in processing low-resource languages, such as in Kazakh 

language QA systems [13]. To enhance LLM-driven QA systems, researchers employ several 

methodologies. Fine-tuning pre-trained models on domain-specific datasets remains a common approach. 

Transfer learning enables adaptation to specialized QA tasks with minimal data, as seen in ESG report 

analysis [14]. Additionally, prompt engineering techniques help mitigate biases and enhance precision in 

GPT models [12]. Research also explores knowledge distillation to create smaller, more efficient models 

that reduce computational costs while maintaining performance. 

While significant progress has been made in NLP applications for SARs, most existing research focuses on 

widely spoken languages, with limited efforts directed toward Turkish. Given the increasing role of robots in 

human-robot interaction (HRI), it is crucial to develop Turkish-specific NLP models that enhance SARs‘ 

ability to engage in natural conversations. Addressing this gap will facilitate the development of more 

effective, culturally adaptive, and linguistically robust SARs for Turkish-speaking users. 

Materials and Methodologies  

We employed the Transformer architecture, a novel neural network design introduced by Vaswani et al. 

[15], which relies on self-attention mechanisms to process sequences of data. Unlike traditional sequential 

models such as recurrent neural networks (RNNs), Transformers process data in parallel, significantly 

reducing training time and improving the handling of long-distance dependencies. The architecture of the 

Transformer model is illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Murat ŞİMŞEK, IJECS Volume 14 Issue 06 June, 2025 Page 27280 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The Transformer - model architecture [12]. 

 

The Transformer model, introduced by Vaswani et al. in their seminal 2017 paper "Attention is All You 

Need," represents a major breakthrough in natural language processing (NLP). Unlike conventional 

sequential models, it employs a fully attention-based mechanism, enhancing its efficiency in handling 

complex language tasks. The core of this architecture is the multi-head attention mechanism, which allows 

the model to simultaneously consider all preceding and succeeding words in a sentence. This parallel 

processing capability leads to faster training and improved performance compared to previous models. 

The Transformer's architecture consists of multiple layers, each repeated several times. These layers include 

Masked Multi-Head Attention, Add & Norm, and Feed Forward, followed by another Add & Norm step. 

The input layer consists of Input Embedding, which converts each token in the input sequence into a fixed-

size vector, accompanied by Positional Encoding to retain sequence order. The output layer follows a similar 

structure, incorporating Output Embedding and Positional Encoding. The final layer applies a linear 

transformation and a softmax function, producing a probability distribution that enables the model to learn 

contextual relationships within and across languages. This architecture provides a strong foundation for a 

wide range of NLP tasks, including machine translation and text summarization. 

To develop the Turkish Question Answering (QA) model in this study, we applied fine-tuning techniques to 

a pre-trained BERT model. Specifically, the "dbmdz/bert-base-turkish-uncased" model, available on 

HuggingFace, was selected due to its suitability for Turkish language processing tasks. The fine-tuning 

process utilized the Squad-tr dataset [16], which is derived from the English SQuAD2.0 corpus and 

translated into Turkish using Amazon Translate. The dataset comprises 61,293 question-answer pairs across 

18,776 paragraphs. 

The fine-tuning process was conducted using optimized hyperparameters, including a learning rate of 3e-5, a 

batch size of 12 per GPU, a maximum sequence length of 384, a document stride of 128, and a total of three 
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training epochs. Following training, the model's performance was evaluated using exact match (EM) and F1 

scores. The overall EM score achieved was 10.60, while the F1 score was 15.27, evaluated across 8,291 

instances. For instances with an answer present, the model obtained an EM score of 37.43 and an F1 score of 

53.92, based on 2,346 cases. In contrast, for no-answer cases, the EM and F1 scores were both 0.02, 

calculated over 5,945 instances. The best exact match and F1 scores at the optimal threshold reached 71.73, 

highlighting the model‘s ability to perform well under specific configurations. These results indicate that 

while the model demonstrates robust performance in answer-present cases, further improvements may be 

necessary to enhance its accuracy for no-answer scenarios. 

The fine-tuned model was integrated into a socially assistive robot to facilitate interaction with Turkish-

speaking users. The integration was conducted using the Temi OS infrastructure, enabling the robot to 

process user queries and provide appropriate responses. Communication between the robot's sensors and the 

developed NLP module was managed through the SDK provided by Temi OS, utilizing XML for system 

operations. The development environment offered by Temi OS played a crucial role in ensuring seamless 

integration and enhancing the functionality of the Turkish NLP module within the robot‘s operations. This 

work represents a significant advancement in the field of human-robot interaction (HRI), particularly for 

Turkish-speaking environments. Further details on the commercially available Temi robot can be found in 

[17]. 

 
Figure 2: Temi Robot [17] 

 

Results and Discussions 

This study presents a Python-based system utilizing the Streamlit framework to facilitate a voice-interactive 

question-answering module[18]. At its core, the system employs a pre-trained large language model fine-

tuned for Turkish language comprehension and response generation. The workflow captures user audio 

input, converts it into text, processes the text using the language model, and then converts the model's 

response back into speech, enabling seamless interaction. The application, named "OSTIMTECH TEMI," 

integrates multiple technologies, including Streamlit for the web interface, the Transformers library for the 

language model, and gTTS and pygame for text-to-speech functionality. Users interact with the system 

through a button labeled "BANA SORU SOR" (Ask me a question), which, when clicked, records the user's 

verbal query. The record_audio function captures user input in stereo at a 44,100 Hz sample rate, ensuring 

high-fidelity audio. The recorded audio is converted to text using a custom speech-to-text function, and the 

Turkish BERT QA Transformer-based model processes this text within a predefined context from a file 

(ostim.txt), generating a relevant answer. The temi_main function orchestrates the entire pipeline by 

processing the query, retrieving context, and generating an answer. This response is then converted into 
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speech using the text to Speech function and played using the pygame library. The integration of the Turkish 

NLP module within the Temi robot represents a significant advancement in human-robot interaction for 

Turkish-speaking environments[19].  

The Turkish BERT model configuration was optimized for performance. The attention probabilities dropout 

probability was set at 0.1, reducing overfitting by randomly deactivating 10% of attention heads during 

training. The model employs the Gaussian Error Linear Unit (GELU) activation function, offering a 

smoother learning curve than traditional ReLU activation. Additional hyperparameters were fine-tuned to 

enhance efficiency, including a hidden dropout probability of 0.1, hidden size of 768, an initializer range of 

0.02, and an intermediate layer size of 3072 for capturing complex patterns effectively. Other critical 

configurations included a sequence length of 512 tokens, 12 attention heads, 12 hidden layers for 

hierarchical learning, absolute position embeddings, and 32-bit floating-point precision. The vocabulary size 

was set at 32,000 to optimize Turkish language processing, and inference caching was enabled to improve 

response time. These parameters were meticulously tuned to enhance the model‘s effectiveness within a 

socially assistive robot framework[20]. 

Performance evaluation employed multiple metrics, including voice recognition accuracy, model response 

accuracy, and speech comprehensibility. Voice recognition accuracy was assessed as the percentage of 

correctly transcribed words from spoken input, while model response accuracy was evaluated against expert-

verified answers for relevance and correctness. Speech comprehensibility was measured through user 

surveys, with participants rating clarity and understandability on a scale of 1 to 10. The experimental results 

demonstrated the robustness of the system: speech-to-text accuracy reached 95%, model response accuracy 

was 72%, and text-to-speech comprehensibility scored 9.2/10 as rated by native Turkish speakers. These 

results highlight the system's high reliability in capturing user speech, effective question-answering 

capabilities, and excellent speech clarity[21]. In conclusion, this study presents a novel framework for 

integrating a Turkish-based natural language processing module into a socially assistive robot. The use of 

advanced deep learning techniques, specifically the Turkish BERT QA model, enables robust language 

understanding and response generation. The system's performance evaluation demonstrates its potential for 

practical applications in Turkish-speaking environments, paving the way for enhanced human-robot 

interaction. The integration of this advanced Turkish NLP module within the Temi robot showcases the 

potential for socially assistive robots to bridge the language barrier and engage with Turkish-speaking 

communities.  

The system was further integrated with additional functionalities, including facial recognition for guest 

interaction. Recognized guests are greeted by name, while unrecognized individuals trigger a predefined 

action sequence. The Android SDK was utilized to program the robot‘s responses to commands such as 

"Turn right," "Turn left," "Move forward," and "Move backward." Additionally, the previously inactive 

English NLP system in Temi was activated and made available for university use. Self-training capabilities 

were introduced, allowing Temi to refine its responses over time. Furthermore, a Turkish Question-

Answering NLP Model is under development to enhance Temi's ability to process and respond to Turkish 

queries accurately. This model integrates speech-to-text, text-to-speech, and Transformer-based algorithms 

to ensure a seamless interaction experience[22]. The NLP development consists of three core stages: speech-

to-text processing using Python‘s speech_recognition library, Turkish NLP model development through 

fine-tuning a pre-trained BERT model with optimized hyperparameters such as batch size, learning rate, 

training epochs, and sequence length adjustments, and text-to-speech processing to convert responses back 

into natural-sounding Turkish speech[23]. A visual representation of the interface is provided in Figure-3(a) 

and (b), respectively.  
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Figure 3: (a) System Interface, (b) The relevant visual representation. 

 

This research paper presents the development and integration of a robust natural language processing 

module for the Temi socially assistive robot, with a specific focus on the Turkish language. 

The results of this research underscore the effectiveness of integrating advanced AI and NLP technologies 

into interactive applications. The deployment of this system demonstrates the feasibility of AI-driven 

interfaces in customer service, education, and assistive technologies. Compared to previous sequential 

models, Transformer models exhibit superior performance, faster training times, and deeper contextual 

understanding. This work lays the foundation for future improvements, including real-time learning 

capabilities, multilingual support, and integration with additional AI-driven functionalities. The successful 

implementation of a Turkish Question-Answering NLP model within a socially assistive robotic framework 

marks a significant advancement in human-computer interaction, paving the way for broader AI 

applications.  

 

Conclusion: 

This study demonstrates the successful development and evaluation of Turkish-language support for mobile 

Socially Assistive Robots (SARs) deployed in public environments. By fine-tuning the BERT model for 

Turkish, we significantly enhanced the ability of SARs to engage in natural, context-aware conversations. 

The model, trained on over 61,000 question–answer pairs and 18,000+ paragraphs, achieved 95% voice 

recognition accuracy, 72% F1 and Exact Match (EM) scores, and a 92% text-to-speech comprehensibility 

rating—highlighting its effectiveness in real-world interactions with Turkish-speaking users. The integration 

of localized NLP modules addresses key limitations of traditional kiosk-based systems, such as language 

barriers and static functionality. Mobile SARs equipped with Turkish NLP capabilities can assist users in 

navigating complex public settings—like hospitals, airports, universities, and shopping centers—enhancing 

accessibility, trust, and user satisfaction. This approach also opens pathways for broader adoption of SARs 

in public services, contributing to operational efficiency and inclusive service design. Beyond public 

deployment, the project underscores the educational value of SAR platforms. Through the Temi OS 

development environment, universities can provide hands-on learning opportunities in AI, robotics, and 

natural language processing. Competitions and applied projects using SARs will empower students to 

innovate and gain practical skills for the AI-driven future. 

In summary, this research offers a comprehensive framework for deploying Turkish-language SARs that 

serve both social and educational functions. The work contributes to bridging the technological gap in 
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localized AI systems and sets a foundation for future enhancements. Next steps include long-term user 

interaction studies, deeper linguistic customization, and the development of advanced features to support 

more complex and adaptive human–robot interactions. With continued innovation, SARs can play a 

transformative role in improving public services, technological literacy, and quality of life in Turkey and 

beyond. 
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