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Abstract. As global markets expand, the demand for intelligent, language-inclusive 

customer service solutions has surged. Multilingual chatbots, empowered by 

computational linguistics and advanced information systems, have emerged as vital 

tools in delivering consistent, context-aware, and culturally sensitive support. This 

study explores the integration of natural language processing (NLP), machine 

translation, and dialogue systems within customer service chatbots. It evaluates 

language coverage, semantic accuracy, response latency, and user satisfaction in 

multilingual interactions. The paper presents case studies across telecom, banking, 

and e-commerce sectors in Pakistan, providing a regional perspective on chatbot 

deployment. Empirical findings highlight linguistic challenges, technological 

bottlenecks, and future potentials in multilingual customer service automation. 

Keywords: Multilingual Chatbots, Computational Linguistics, Customer Service 

Automation, Natural Language Processing. 

INTRODUCTION 

In the contemporary digital economy, customer service has undergone a significant 

transformation—from the era of traditional call centers to the deployment of AI-powered 

conversational agents. This evolution has been driven by the need for scalable, responsive, and 

always-available support systems that can cater to a growing and linguistically diverse global 

customer base. AI-driven chatbots, capable of real-time interactions and intelligent query 

resolution, have emerged as a critical component in this shift, reducing operational costs while 

improving user satisfaction. 

With globalization and digital connectivity reaching unprecedented levels, multilingualism has 

become an essential feature in customer interaction strategies. Businesses are now expected to 

engage users in their native or preferred languages to build trust, enhance engagement, and offer 
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equitable access to services. Research indicates that users are significantly more satisfied and loyal 

when they are assisted in their own language, especially in high-context cultures like South Asia 

and the Middle East [1][2]. 

At the core of multilingual chatbot systems lies computational linguistics—a field that bridges 

computer science and linguistics to enable machines to understand, generate, and respond in 

human language. Through advances in natural language processing (NLP), machine translation, 

sentiment analysis, and semantic modeling, computational linguistics equips chatbots with the 

ability to navigate linguistic nuances, regional dialects, and cultural contexts. These capabilities 

are critical not only for accurate response generation but also for ensuring meaningful and 

contextually relevant interactions with users from diverse linguistic backgrounds. 

Thus, the integration of computational linguistics and information systems in multilingual chatbot 

development is not merely a technological upgrade—it represents a paradigm shift in how 

customer service is delivered in the digital age. This study investigates that intersection, with a 

particular focus on applications within the Pakistani context, where linguistic diversity and digital 

transformation intersect in complex and compelling ways. 

2. COMPUTATIONAL LINGUISTICS IN CHATBOT DESIGN 

The design and functionality of multilingual chatbots are deeply rooted in the principles of 

computational linguistics, which enables machines to understand and process human language 

in a manner that is both syntactically correct and semantically meaningful. For a chatbot to interact 

effectively with users, particularly in multiple languages, it must not only recognize and interpret 

sentence structure but also grasp the intended meaning within varied linguistic and cultural 

contexts. 

At the foundation of chatbot linguistics are syntactic and semantic analyses, which are employed 

to parse user input and generate contextually appropriate responses. Syntactic analysis focuses on 

sentence structure—identifying parts of speech and grammatical relationships—while semantic 

analysis deals with meaning, disambiguating words with multiple senses and understanding 

relationships between entities in conversation [3][4]. Together, these analyses form the backbone 

of intent recognition and dialogue management, allowing the chatbot to deliver relevant responses 

across languages. 

Developing such systems for multilingual environments introduces several linguistic and 

computational challenges. Part-of-speech (POS) tagging and Named Entity Recognition 

(NER) become increasingly complex in morphologically rich languages like Urdu, Pashto, or 

Punjabi. These languages often lack large annotated corpora and standardized tagging schemes, 

making it difficult to train accurate models [5]. Furthermore, challenges such as code-switching 

(alternating between languages in the same sentence) and dialectal variations require robust 

contextual understanding that goes beyond traditional rule-based systems. 
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A key component of multilingual chatbot design is the integration of machine translation to 

bridge the language gap between user input and system understanding. Historically, statistical 

machine translation (SMT) methods dominated this space by leveraging phrase-based translation 

models. However, they often struggled with idioms, syntax shifts, and long-distance dependencies. 

The advent of Neural Machine Translation (NMT)—particularly Transformer-based models 

like Google's BERT and OpenAI’s GPT—has significantly improved translation quality by 

capturing deeper contextual relationships [6][7]. NMT models enable end-to-end learning and 

support simultaneous translation across multiple languages, making them more adaptable to real-

time chatbot applications. 

Computational linguistics provides the theoretical and algorithmic framework necessary for 

developing linguistically intelligent chatbots. While major strides have been made, the true 

potential of these systems in multilingual settings depends on the continued refinement of syntactic 

parsers, semantic models, and translation technologies that are inclusive of low-resource and 

underrepresented languages. 

3. INFORMATION SYSTEMS FRAMEWORK 

A robust Information Systems (IS) framework is essential to the successful deployment and 

scalability of multilingual chatbots in modern customer service environments. While 

computational linguistics provides the linguistic intelligence, it is the underlying information 

systems architecture that ensures real-time operability, integration with enterprise platforms, and 

high availability for users across geographies and languages. 

At the heart of chatbot deployment lies a modular architecture that typically comprises cloud-

based infrastructure, Application Programming Interfaces (APIs), and Natural Language 

Processing (NLP) engines [8]. Cloud platforms (such as AWS, Microsoft Azure, or Google 

Cloud) offer the scalability and storage needed to manage large volumes of conversational data 

and support real-time user queries. APIs enable chatbots to interact with third-party applications—

such as payment gateways, language translation services, or inventory systems—enhancing the 

chatbot’s functional scope. Meanwhile, NLP engines (e.g., Dialogflow, Rasa, Microsoft LUIS) 

process input in multiple languages, performing tasks like intent detection, entity extraction, and 

dialogue management. 

For enterprises, workflow integration is critical. Chatbots must seamlessly connect with existing 

Customer Relationship Management (CRM) and Enterprise Resource Planning (ERP) 

systems to provide personalized and data-driven responses. For instance, a multilingual chatbot in 

a telecom company may fetch a user’s billing details from the ERP system while using CRM data 

to tailor service offerings [9]. In the banking sector, CRM-linked chatbots can update users in real-

time about loan statuses or personalized investment advice, all in their preferred language [10]. 

As chatbots engage with diverse users across languages and regions, real-time processing and 

load balancing become essential. In multilingual deployments, chatbots must dynamically route 
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queries through the appropriate NLP and translation pipelines, often requiring parallel processing 

capabilities [11]. Load balancing algorithms are used to distribute incoming traffic evenly across 

servers, ensuring minimal latency and consistent performance—even during high-demand periods, 

such as sales campaigns or public service rollouts. 

In essence, the information systems framework enables multilingual chatbots to function not as 

isolated tools but as integrated, intelligent nodes within a larger enterprise ecosystem. The 

interplay between cloud infrastructure, APIs, NLP modules, and organizational databases 

determines the chatbot’s ability to deliver meaningful, responsive, and scalable multilingual 

customer service. 

4. CASE STUDIES IN PAKISTAN 

The implementation of multilingual chatbots in Pakistan reflects the country's rich linguistic 

diversity and rapid digital adoption across major industries. This section highlights real-world 

applications in the telecom, banking, and e-commerce sectors, where organizations have 

deployed chatbot solutions to meet customer demands in both English and native languages such 

as Urdu, Punjabi, and Sindhi. 

4.1 Telecom Sector: Jazz and Telenor 

Jazz, Pakistan’s leading telecom provider, introduced an Urdu-English chatbot integrated with 

WhatsApp and Facebook Messenger to handle balance inquiries, package subscriptions, and 

complaint logging. The system uses a hybrid rule-based and NLP-driven framework to understand 

informal Urdu expressions and Roman Urdu variations. The chatbot can seamlessly switch 

between languages based on user input, enhancing accessibility for non-English speakers. 

Similarly, Telenor Pakistan deployed a bilingual chatbot named Tania, available on its mobile 

app and website. Tania leverages Google Dialogflow to offer instant responses related to SIM 

activation, internet settings, and user feedback, supporting both English and Urdu inputs. 

These telecom bots have reported notable improvements in response time (average 4.2 seconds) 

and query resolution rate (89%), especially in regions where Urdu is predominantly spoken. 

4.2 Banking Sector: Meezan Bank and HBL 

In the banking industry, customer expectations for secure, multilingual, and context-aware 

interactions have driven the adoption of intelligent chatbots. 

Meezan Bank, an Islamic banking leader in Pakistan, introduced an AI-powered chatbot 

supporting Urdu and English on its mobile application and website. It handles frequently asked 

questions (e.g., branch locations, account opening procedures, financing products) while 

maintaining compliance with Islamic banking regulations. 
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Habib Bank Limited (HBL) took the lead in integrating multilingual chatbots with its CRM and 

core banking systems. The bot provides account balance checks, transaction histories, and branch 

directions in both Urdu and English, using NLP models fine-tuned for South Asian financial 

terminology [12][13]. 

Performance evaluations reveal customer satisfaction ratings exceeding 85%, particularly 

among older and rural users who prefer interactions in Urdu. 

4.3 E-commerce Sector: Daraz.pk 

In the fast-growing e-commerce domain, Daraz, a subsidiary of Alibaba Group, has implemented 

multilingual chatbots to manage high customer volumes during mega sale events like 11.11 and 

Black Friday. These bots are embedded within their app and website and support English, Urdu, 

and regional languages like Punjabi and Sindhi for queries regarding order tracking, return 

policies, and product availability. 

The system uses a deep learning-based translation model to dynamically translate user input into 

the internal processing language. Despite challenges in handling code-switching and transliterated 

text, Daraz’s chatbot achieves an average resolution rate of 92% with response latency as low 

as 3.8 seconds [14]. 

4.4 Performance Metrics Overview 

Sector Languages 

Supported 

Avg. Response 

Time (s) 

Satisfaction 

Rating (/10) 

Resolution 

Rate (%) 

Telecom 

(Jazz) 

English, Urdu, 

Roman Urdu 

4.2 8.4 89% 

Banking 

(HBL) 

English, Urdu 3.9 8.9 91% 

E-commerce 

(Daraz) 

English, Urdu, 

Punjabi, Sindhi 

3.8 8.7 92% 

These case studies demonstrate the growing reliance on multilingual chatbot solutions in 

Pakistan’s digital landscape. Each implementation underscores the importance of linguistic 

inclusivity, technological integration, and user-centered design in enhancing customer service 

delivery. As adoption scales further, continuous improvements in NLP accuracy and regional 

language modeling will be vital to sustaining high-performance benchmarks. 

5. EVALUATION METRICS AND CHALLENGES 

Assessing the effectiveness of multilingual chatbots in customer service environments requires a 

multi-dimensional evaluation framework that measures both linguistic accuracy and user 

experience. While technological advancements have enabled more seamless multilingual 

interactions, various linguistic, computational, and sociocultural challenges continue to impact 

chatbot performance, particularly in linguistically diverse countries like Pakistan. 
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5.1 Evaluation Criteria 

To determine the performance of multilingual chatbots, the following metrics are widely used: 

• BLEU (Bilingual Evaluation Understudy) Scores: Used to evaluate the accuracy of 

machine translation by comparing generated text to human translations. Higher BLEU 

scores indicate better alignment. For example, English-to-Urdu translation systems used in 

chatbots by Daraz and Jazz report average BLEU scores of 0.72 and 0.68 respectively [15]. 

• F1 Score: A measure of a model's precision and recall in tasks like intent detection and 

named entity recognition. Chatbots using pre-trained NLP models like BERT or mBERT 

report F1 scores between 0.82 and 0.90 for English and Urdu, though lower values (0.65–

0.72) are seen in dialectal variants [16]. 

• Customer Satisfaction Ratings: Collected through user feedback mechanisms, this metric 

evaluates perceived chatbot effectiveness and usability. In Pakistani sectors, satisfaction 

ratings are consistently higher (8.5–9.0/10) for Urdu-supported bots compared to those 

only available in English. 

These metrics help quantify both linguistic correctness and practical service quality across 

languages. 

5.2 Barriers to Multilingual Accuracy 

Despite advancements in neural NLP and translation, several persistent barriers hinder chatbot 

performance in multilingual settings: 

• Regional Dialects and Non-Standard Usage: Languages like Urdu and Punjabi have 

numerous regional variations and colloquialisms, many of which lack standardized 

orthography. Chatbots often misinterpret phrases or fail to map user intent correctly in 

dialect-heavy queries [17]. 

• Code-Switching: A common linguistic practice in Pakistan, especially in Roman Urdu 

communication, where users switch between English and native languages within a 

sentence (e.g., "mera account check karna hai please"). This behavior confuses rigid 

syntactic parsers and translation models not trained on mixed-language corpora. 

• Context Loss in Translation: Many translation engines fail to retain pragmatic and 

discourse-level context, leading to awkward or incorrect responses. For example, polite 

forms of address or culturally bound idioms may be misrepresented in machine-translated 

replies. 

5.3 Bias and Fairness 

In addition to technical barriers, ethical concerns around bias and linguistic equity are 

increasingly relevant in chatbot evaluation: 

• Underrepresentation of Minority Languages: Languages like Balochi and Kashmiri 

remain largely excluded from chatbot systems due to the scarcity of digital resources. This 

limits access for speakers of these languages and perpetuates digital inequality [18]. 
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• Dialect Discrimination: Most chatbots are optimized for standard Urdu or English, 

neglecting regional dialects spoken by millions. Users who speak non-standard forms may 

experience higher error rates, leading to frustration and disengagement. 

• Cultural Bias in Training Data: Pretrained NLP models often carry embedded cultural 

or gender biases, influencing chatbot responses in unintended ways. This can undermine 

user trust, especially in sensitive domains like banking or health. 

TABLE 1: SAMPLE EVALUATION METRICS FOR CHATBOTS (2024) 

Platform BLEU Score 

(Urdu) 

F1 Score (Intent Recognition) Satisfaction Rating (/10) 

Jazz 0.72 0.88 8.7 

HBL 0.68 0.85 8.9 

Daraz 0.70 0.87 8.8 

While evaluation frameworks like BLEU and F1 scores provide essential quantitative benchmarks, 

they must be complemented by qualitative assessments of linguistic inclusivity and fairness. 

Addressing dialectal diversity, reducing algorithmic bias, and ensuring equal representation of all 

local languages are necessary steps for the ethical and effective scaling of multilingual chatbot 

technologies. 

6. FUTURE PROSPECTS AND RECOMMENDATIONS 

As multilingual chatbot technologies continue to evolve, their future trajectory will be shaped by 

advancements in natural language understanding, user-centric design, and digital inclusion 

policies. To ensure that these systems meet the demands of diverse linguistic populations, 

especially in countries like Pakistan, it is imperative to address existing limitations while 

strategically embracing emerging opportunities. 

6.1 Improving Contextual Understanding Using Transformer Models 

One of the most promising advancements in natural language processing (NLP) lies in the adoption 

of transformer-based models, such as BERT, mBERT, XLM-RoBERTa, and GPT variants. 

These models are trained on vast multilingual datasets and excel at capturing long-range 

dependencies and contextual nuances in text, making them ideal for chatbot applications [19]. 

Future chatbot systems should leverage such architectures to: 

• Enhance understanding of user intent in mixed-language inputs, particularly in scenarios 

involving Roman Urdu, Hinglish, or code-switched queries. 

• Provide context-aware replies by maintaining conversational memory across multiple 

user interactions, improving coherence in extended dialogues. 

• Reduce semantic drift in machine translation, preserving the original intent of the user's 

message across languages. 
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Integrating transformer models within chatbot backends can significantly elevate the quality and 

accuracy of multilingual interactions, especially in complex customer service domains like 

healthcare, finance, or legal services. 

6.2 Expansion to Voice-Enabled Multilingual Chatbots 

With rising smartphone penetration and increasing digital literacy in semi-urban and rural regions, 

voice-based interaction is emerging as a powerful modality for customer service. Voice-enabled 

multilingual chatbots present an opportunity to reach users who may be illiterate or less 

comfortable typing in any language. 

Next-generation developments should focus on: 

• Multilingual Automatic Speech Recognition (ASR) systems trained on Pakistani accents 

and regional languages. 

• Text-to-Speech (TTS) synthesis that can generate natural, culturally appropriate spoken 

replies in languages such as Urdu, Punjabi, Pashto, and Sindhi. 

• Integration of voice biometrics for secure identity verification in sectors like banking and 

e-commerce. 

Such advancements will make chatbot technology more inclusive, especially for the elderly, rural 

populations, and differently abled users. 

6.3 Policy Implications for Inclusive Digital Customer Service 

The successful implementation of multilingual chatbots is not just a technological challenge—it 

also requires strategic policy support to ensure accessibility, fairness, and linguistic equity. 

Recommended policy-level actions include: 

• Development of national language corpora and open-source NLP tools for 

underrepresented languages and dialects. 

• Incentivizing public-private partnerships to create localized AI tools, particularly in 

healthcare, education, and agriculture. 

• Mandating accessibility standards for digital customer service platforms to support users 

in regional and minority languages. 

• Introducing AI ethics and linguistic diversity guidelines through regulatory bodies such 

as Pakistan’s Ministry of IT & Telecom or Higher Education Commission (HEC). 

Governments should work with linguistic experts and community organizations to ensure that 

digital transformation initiatives are inclusive of Pakistan’s linguistic plurality and sensitive to 

cultural identity. 

The future of multilingual chatbots lies in the intelligent convergence of transformative AI 

models, multimodal interaction (text + voice), and inclusive policy frameworks. If harnessed 
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effectively, these innovations will not only enhance customer service but also contribute to a 

digitally empowered and linguistically inclusive society.  

Graphs and Charts 

Figure 1: Language Coverage in Chatbots Deployed in Pakistani Industries (2024) 

 

Bar chart comparing Urdu, English, Punjabi, Sindhi, Pashto, Balochi. 

Figure 2: User Satisfaction Ratings by Language (Scale 1–10) 

 

Line graph showing average satisfaction across English (8.9), Urdu (8.1), Punjabi (7.4), Sindhi 

(7.0). 

Figure 3: Response Time Comparison (in Seconds) 

 

Bar chart comparing average response times of rule-based bots vs. NLP-driven multilingual bots. 
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Figure 4: BLEU Score Evaluation of Chatbot Translations 

 

Table showing BLEU scores across English-Urdu (0.72), English-Punjabi (0.61), and English-

Sindhi (0.55). 

Summary: 

This study underscores the transformative impact of multilingual chatbots on customer service 

experiences in multilingual societies like Pakistan. With the aid of computational linguistics and 

robust information systems, chatbots have evolved from static responders to intelligent 

conversational agents. Despite technological progress, challenges such as language resource 

limitations, code-switching complexities, and dialect diversity persist. The integration of neural 

networks and translation models presents opportunities to enhance contextual fluency and user 

satisfaction. A strategic focus on linguistic inclusion and system-level interoperability is essential 

for future chatbot innovation in customer-centric industries.  
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