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Abstract: Information and Communication 

Technologies are driving the improvement of industrial 

processes. According to the Industry 4.0 (I4.0) paradigm, 

digital systems provide real-time information to humans 

and machines, increasing flexibility and efficiency in 

production environments. Based on the I4.0 Design 

Principles concept, Virtual Assistants can play a vital 

role in processing production data and offer 

contextualized and real-time information to the workers 

in the production environment. This systematic review 

paper explored Virtual Assistant applications in the 

context of I4.0, discussing the Technical Assistance 

Design Principle and identifying the characteristics, 

services, and limitations regarding Virtual Assistant use 

in the production environments. The results showed that 

Virtual Assistants offer Physical and Virtual Assistance. 

Virtual Assistance provides real-time contextualized 

information mainly for support, while Physical 

Assistance is oriented toward task execution. Regarding 

services, the applications include integration with legacy 

systems and static information treatment. The 

limitations of the applications incorporate concerns 

about information security and adapting to noisy and 

unstable environments. It is possible to assume that the 

terminology of Virtual Assistants is not standardized and 

is mentioned as chatbots, robots, and others. Besides the 

worthy insights of this research, the small number of 

resulting papers did not allow for generalizations. Future 

research should focus on broadening the search scope to 

provide more-significant conclusions and research 

possibilities with new AI models and services, including 

the emergent Industry 5.0 concept. 

 

Keywords: Virtual Assistants; Industry 4.0; ambient 

assisted working; Technical Assistance 

 

I.INTRODUCTION 

 

In the Industry 4.0 (or Industrie 4.0) (I4.0) paradigm 

adopted by the German government, the industrial 

processes are improved through Information and 

Communication Technologies (ICT). One of the main 

goals of I4.0 is to provide real-time information to 

humans and machines, making the production process 

more efficient and flexible [1]. This industrial 

environment sensing can be achieved by using 

concepts such as Ambient Assisted Working (AAW) 

[2], based on the I4.0 Design Principles [3], which 

defines Technical Assistance as one of the pivotal 

areas, split into Physical and Virtual Assistance. 

Despite its widespread adoption, there is no unified 

and universally accepted definition of the “Industry 

4.0” concept in the literature. In this perspective, the 

I4.0 Design Principles, which can be defined as 

Interconnection, Information Transparency, 

Decentralization of Decisions, and Technical 

Assistance, based on [3], represent the possibility to 

systematize knowledge and support professionals in 

developing appropriate solutions [4,5]. The Technical 

Assistance principle considers that, in I4.0 intelligent 

factories, through Virtual and Physical Assistance, the 

role of design centered on the human operator [6] is to 

perform functions with higher added value, enabling 

strategic decision-making and problem-solving with 

flexibilityIn this perspective, Virtual Assistance is a 

method to provide information quickly and efficiently, 

based on the ability to filter and interpret information 

from enormous databases and provide suggestions 

based on that information [3]. Usually, it can be 

performed by chatbots or Virtual Assistants. A Virtual 

Assistant (VA) can be defined as a software agent that 

can perform tasks or services based on commands or 

questions [8], an abstraction layer that sits on top of 

services and/or applications and performs actions 
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using these services and app, with implications of 

fulfilling the user intent [9]. With the increasing use of 

VAs in other areas of business such as customer 

relationship and marketing, e.g., Amazon Echo© or 

Google Assistant ©, the use of this interaction mode is 

expanding into I4.0. The development and use of VAs 

in many contemporary environments, such as finance, 

health, education, and production, bring significant 

advantages: full-time availability, multilanguage 

capability, real-time response, inexpensive 

maintenance, being easy-to-replicate, extensive 

knowledge capabilities, and services available via text 

or speech [10]. On the other hand, despite these 

positive advances, some issues are posed to the wide 

adoption of VAs, such as user security and privacy, 

noisy industrial environments, and ethical issues 

[10,11]. The research on VAs in I4.0 has gained 

significant relevance due to their growing and 

extensive adoption in I4.0 settings, where data-driven 

decisions play a pivotal role in better-informed 

decision-making. However, the current literature lacks 

comprehensive and systematic reviews specifically 

addressing VA applications in the I4.0 domain, as 

most-existing reviews focus on other domains such as 

education [12], health [13], and mobility [14]. As a 

result, the principal contribution of this paper lies in 

presenting a Systematic Literature Review (SLR) 

dedicated to exploring VA implementations within the 

Industry 4.0 domain, as well as considering the I4.0 

Technical Assistance Design Principle [3]. In this 

context, the presented paper, through an SLR, aims to 

(1) identify the characteristics of the Technical 

Assistance Design Principle in I4.0 present in the 

literature, (2) describe the specific services for the I4.0 

domain offered by VA solutions, and (3) outline the 

challenges and limitations for the application of VA in 

I4.0. The article is structured as follows: Section 2 

presents the theoretical framework, stating the main 

concepts used in the paper; Section 3 explains the 

methodology adopted for conducting the research; 

Section 4 presents the discussion, analysis, and results; 

Section 5 presents the study conclusions. 2. 

Background The Industry 4.0 (I4.0) concept has 

emerged from the collective and strategic vision. 

 

II. LITERATURE REVIEW 

 

Virtual Assistants (VAs), also known as 

Conversational Agents (CAs) or Intelligent Personal 

Assistants (IPAs), are computer-based systems 

designed to simulate human conversation using 

natural language processing (NLP), speech 

recognition, and artificial intelligence (AI). Over the 

past decade, research on virtual assistants has 

expanded rapidly due to advancements in machine 

learning and the widespread adoption of devices such 

as smartphones and smart speakers. This literature 

review presents an overview of the development, 

technologies, applications, and challenges associated 

with virtual assistants. 

 

III. OBJECTIVE 
 

The main objective of this research is to explore and 

analyze the role, development, and impact of Virtual 

Assistants (VAs) in various domains such as 

education, healthcare, and business environments. The 

study aims to understand how advancements in 

Artificial Intelligence (AI) and Natural Language 

Processing (NLP) have transformed virtual assistants 

into intelligent, interactive systems capable of 

performing human-like communication and tasks. 
 

IV. METHODOLOGY 
 

This research follows a descriptive and analytical 

approach to study the development, use, and impact of 

virtual assistants. Data were collected from secondary 

sources such as research journals, articles, and online 

publications. The study analyzes how artificial 

intelligence, machine learning, and natural language 

processing contribute to the functioning of virtual 

assistants. Comparative analysis was used to evaluate 

different virtual assistant tools like Siri, Alexa, and 

Google Assistant based on their features, usability, and 

performance. 
 

V. ACTIVITY DIAGRAM 

 

5.1 ACTThe activity diagram shows the workflow of 

a virtual assistant system. The process begins when the 

user inputs a voice or text command. The assistant then 

processes the input using Natural Language 

Processing (NLP), identifies the intent, and sends it to 

the AI decision module. Based on this analysis, the 

system fetches the required information or performs 

the task, such as answering a query or controlling a 

device. Finally, the response is generated and 

delivered back to the user in text or speech form. 
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Flow: 

User Input → NLP Processing → Intent Recognition → Task Execution → Response 

Generation → User Output ACIVITY DIAGRAM: 

 
FIG. ACTIVITY DIAGRAM 
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VI. ADVANTAGES AND APPLICATIONS 
 

Advantages: 

1. Save time by automating routine tasks. 

2. Improve productivity and efficiency in daily 

activities. 

3. Provide quick access to information and reminders. 

4. Enhance user convenience through voice or text 

interaction. 

5. Offer personalized experiences based on user 

preferences. 
 

Applications: 

1. Education: Assisting students with learning support 

and scheduling. 

2. Healthcare: Helping patients with appointment 

reminders and health advice. 

3. Business: Managing customer service through 

chatbots and virtual agents. 

4. Smart Homes: Controlling devices and appliances 

using voice commands. 

5. E-commerce: Guiding users during online shopping 

and transactions. 
 

VII. CONCLUSION AND FUTURE SCOPE 
 

CONCLUSION: 

Virtual Assistants have become powerful tools that 

simplify human–computer interaction through 

artificial intelligence and natural language processing. 

They improve efficiency, accessibility, and 

convenience in areas like education, healthcare, and 

business. However, challenges such as data privacy, 

accuracy, and ethical concerns still need attention to 

ensure safe and responsible use. 
 

FUTURE SCOPE: 

Future advancements should focus on enhancing 

emotional intelligence, context awareness, and 

security features. There is also great potential for 

developing multilingual, inclusive, and domain-

specific virtual assistants. With continuous 

improvement, virtual assistants will become more 

intelligent, reliable, and essential in daily life and 

professional environments 
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