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Abstract 

This comprehensive research paper explores the integration of Internet of Things (IoT) technologies with Customer 

Relationship Management (CRM) systems to enhance customer insights. The study examines the current state of IoT-CRM 

integration, data collection methods, processing techniques, and their applications in improving customer understanding. It 

also addresses implementation strategies, challenges, and future trends in this rapidly evolving field. The research highlights 

the potential of IoT to revolutionize CRM practices by providing real-time, granular data on customer behaviour and 

preferences, enabling businesses to deliver personalized experiences and make data-driven decisions. Through extensive 

analysis of current literature, industry reports, and technological developments, this paper provides a holistic view of the 

opportunities and challenges in leveraging IoT for CRM enhancement. 
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1. Introduction  

1.1 Background  

 One of the disruptive technologies in the connected world is IoT that puts together billions of devices, most of 

which are connected and produce incredible amounts of data. This complex of smart devices, sensors, and systems 

has affected multiple spheres of people’s everyday life and companies’ activity. At the same time another tool of 

managing customer relations has embedded into the business processes, namely Customer Relationship 

Management (CRM) systems. The combination of these two technologies has many advantages to provide 

businesses with more effective ways of learning about customers’ behaviour, preferences, and needs (Atzori, Iera, 

& Morabito, 2010).  

The Internet of Things has rapidly developed over the last few years or so. As per IDC report, the number of IoT 

device is expected to cross 55. $7 billion by 2025 and 73% respectively. 1 zettabytes of data. This colossal amount 

of information derived from various sources provides a rich data source to organizations that want to better serve 

and know their clients. Most CRM systems have primarily relied on data volunteered by the customer and their 

past history in transactions; these solutions can now be complemented with contextual information that comes 

directly from IoT devices placed in the customer environment, allowing for a much larger and richer view of the 

client’s interactions with the firm.  

1.2 Research Objectives  

This study aims to:  

Discuss the current level of technological implementation of IoT in CRM and its adoption rate across the 

industries.  

Describe the ways, which IoT data is collected and processed for the needs of CRM, main difficulties connected 

with data quality, reliability and scalability.  

Assess how IoT advances could be harnessed for better CRM to enhance customer understanding through the 

analysis of historical and similar customer purchase patterns along with IoT data to make instant decisions.  
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Determine best practices, issues, and prospects in the integration of IoT and CRM, comprising of security and 

ethical factors and other technologies.  

Hence, by attaining these objectives, this research offers significant implications for the future of IoT-CRM 

integration for businesses, technology suppliers, and scholars by mapping out the current state and future prospects 

in the popular field.  

1.3 Scope and Limitations  

The research is specific on IoT applications in CRM across different sectors like retail, healthcare, manufacturer, 

and smart city. The discussion of the current technologies and practices in the study is useful, yet one has to take 

into account the fact of constant development of IoT and CRM systems.  

 The scope of this research encompasses:  

Modern IoT technologies and their implementation into the CRM  

Being a conceptual study, this paper suggested certain methods and procedures for data collection, processing, 

and analysis to support the integration of IoT and CRM.  

Key areas and efficient techniques  

The following are the challenges and limitations that are associated with the management of human resources in 

the present-day organizations:  

Future trend and a possible development  

 However, the study does not include:  

Specific attributes of certain IoT devices or CRM platforms that can be bought from hardware and software 

manufacturers  

Detailed examination of the use of company-cantered methods provided by commercial applications  

Most of the costs of IoT-CRM implementation are not directly attributable to an organization, and it is challenging 

at present to provide a definite value of the return on investment expected from using this system.  

 
However, it is understood that with such a pulsing speed of the technologies’ development, some of the 

technologies belonging to the IoT domain or the recent trends in the development of CRM, despite the authors’ 

attempts, could seem insufficiently covered (Brous, Janssen, & Herder, 2020).  

2. Literature Review 

2.1 Internet of Things (IoT): An Overview 
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 Internet of Things can be defined as the connection of devices which are equipped with sensors, software, and 

internet connection to gather and share information. This environment covers a vast number of connected devices, 

from a smart refrigerator or watches and bracelets to sensors in industrial systems, and self-driving cars. There 

are several liberating factors that have fuelled the growth of the IoT devices which include the development of 

efficient sensors, robust wireless communication, and proper data analysis tools.  

 Thus, Statista states that the number of IoT-connected devices is expected to be 29 billion by 2030 as contrasted 

to 9. 7 billion in 2020. It has escalated to becoming a data revolution where IoT is creating huge amounts of data 

on its various functions. The market size of IoT globally was valued at USD 761 billion, in the year 2018. In 2020 

the medical tourism market size was USD 4 billion and is projected to touch USD 1,386. 06 billion by 2026 by 

increasing its compound annual growth rate (CAGR) to 10. 53 % by the forecast period (Mordor Intelligence, 

2018).  

 The IoT ecosystem can be broadly categorized into four main components: 

Sensors and devices: Software that include physical equipment for generating and collecting data from the 

surroundings.  

Connectivity: Some of the tools that can transmit data such as the networks and the protocols.  

Data processing: Systems of edge and cloud computing which are involved in the analysis and storage of data  

User interface: The mobile apps and the IP presented to the end-users have to be in a way that will offer insights.  

 
Table 1: IoT Device Growth by Sector (2020-2025) 

Consumer 2020 (Billion) 2025 (Billion) CAGR (%) 

Consumer 4.2 10.1 19.2 

Enterprise 3.1 7.5 19.3 

Industrial 2.4 5.8 19.3 

Total 9.7 23.4 19.3 

 
Source: IoT Analytics (2018)  

The uses of IoT technology range from residential buildings commonly known as smart homes to the medical 

field, farming, factories, and cars (Chen, Chiang, & Storey, 2012). Regarding CRM, IoT devices act as a valuable 

source of potential data that can be analysed and used for further investigating the customers’ behaviours, choices, 

and wants.  

2.2 Customer Relationship Management (CRM) Systems 

The primary goal of CRM systems is to handle the operational communication process of a firm with its existing 

and prospective consumers. They employ usage of customer relation data analysis to help more effective maintain 

and develop business relations, with the aim of enhancing customer loyalty and boosting the company’s revenues. 

Most of the contemporary CRM solutions include diverse customer interactions across the company’s 

departments, such as sales, marketing, customer support, and e-business tools (Davenport & Spanyi, 2019).  

 According to the research conducted internationally, the CRM market size was estimated to be USD 57. 83 billion 

in 2018 and expects to have a CAGR of 13% in the period. 3% between the years 2018 and 2030 (Grand View 

Research, 2018). This growth is said to be occasioned by the fact that there is emphasis on customer approach to 

business and that customer relations require analytics.  

 Key features of modern CRM systems include: 

Contact and lead management  

Proposal creation and pipeline performance  
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Marketing automation  

It would also serve as the point of reference for creating, handling, and managing customers’ service and support 

tickets or requests.  

Analytics and reporting  

Interoperations with other business application (ERP, e-commerce site, etc.)  

The development process of CRM systems has involved the move from installed based applications to cloud based 

services which offer more adaptability and extendibility (Gartner, 2018). Also, the infusion of artificial 

intelligence and more specifically of machine learning has improved the prognosis and analytical features of CRM 

systems.  

2.3 Integration of IoT and CRM: Current State 

This research is focused on the fact that IoT and CRM integration is still a relatively fresh area, 

but work on it is being done actively. Salesforce research based in 2018 reveals that IoT 

technology is common where 62% companies are already adopting IoT technology and 25% 

companies is going to adopt IoT technology in near future (Gartner, 2018). The need for this 

integration arises from the desire to improve customer relations as seen by 54% of the 

respondents; product quality, which 52% of the respondents sought to improve; and operations 

which 50% aimed to optimise.  

 The convergence of IoT and CRM offers several key benefits:  

Real-time customer insights: IoT sensors collect consistent data about customer behaviour and 

preferences within the context of a given environment.  

Proactive customer service: These strategies help in detecting problems before reaching 

customers which helps in solving such problems before they affect the customers.  

Personalized experiences: Data from IoT devices is very detailed hence provides a good 

platform for firms to deliver customized products and services.  

Improved product development: Information gathered from usage of the IoT devices is used 

for product design and development of new features.  

 However, there are several challenges with the integration of IoT and CRM though many 

organizations are likely to benefit from such integration, some of the challenges are; Data 

privacy and protection; Interoperability; Skill requirement for data analysis and IoT (IDC, 

2018). Therefore, when adopting the IoT-CRM integration, these factors should be considered 

by the organisations.  
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3. IoT Data Collection for CRM 

3.1 Types of IoT Devices and Sensors 

 IoT devices and sensors capture a lot of information that relates to CRM at a firm. These devices can be 

categorized based on their application and the type of data they collect:  

Wearable devices: Wearable electronic devices such as fitness trackers, smartwatches, health monitoring gadgets 

give an insight into the customers? Health, level of activity, and other details about their daily routine (Kotler, 

Kartajaya, & Setiawan, 2020). For instance, a biosensor can measure motion activity, pulse, sleep/wake cycle, 

and exercise/physical activity level. It has potential uses for healthcare organizations, insurance firms, and fitness 

establishment or corporations in that it may point to the specific services or products that an individual consumer 

is likely to require. 

Smart home devices: HVAC systems, security systems, smart home voice assistants, and smart home appliances 

provide information about the customer’s preference towards a product, usage, and lifestyle. That is why, for 

example, a smart thermostat can contain data on a customer’s temperature preferences, daily schedule, and energy 

usage pattern. This data can be utilized further by utility companies as a guideline of personalized recommendation 

that can be provided to clients on how they can save energy or even by home automation companies on what the 

consumer needs for his or her home.  

Retail beacons: The location based and engagement solutions allow retail stores to capture data on where the 

customers are moving, how long they spend in areas or in front of certain products. Such devices may assist in 

the analysis of customers’ behaviour inside the physical store and their regularity, the improvement of the store 

spaces, and the provision of the appropriate incentive messages in accordance with a buyer’s location and his/her 

trajectory.  

Industrial sensors: The assets and instruments used in operations capture information from product use, supply 

network, and working environment. Such information is most useful when it comes to the stages of predicting the 

need for equipment repairs and maintenance, or when they need to redesign a product based on real conditions of 

its use (Lee & Lee, 2015).  

Automotive telematics: GPS navigation, auto-diagnostic features, and car infotainment systems generate data 

about the driver and passengers, the car’s performance, and its location. This information can be put to extensive 

usage by the insurance companies in implementing the usage-based prices, the automotive manufacturers for the 

enhancement of the product and the service providing companies for creating specific maintenance services.  

Environmental sensors: The information that can be gathered is related to the weather data, air quality, soil 

moisture, or temperature which in one way or another is all related to the customer’s needs. For instance, the 

agricultural IoT sensors capable of delivering the details of the moisture content, temperature, and crop health 

brought farmers close to precision agriculture and actualization of recommendations by the agricultural service 

providers.  

Biometric sensors: Smart biometric products such as facial recognition, fingerprint scanners, etc. offer safe 

approaches to authentication and the possibility of implementing customized treatment of consumers in different 

spheres: from purchases to services.  

3003 



Turkish Journal of Computer and Mathematics Education   Vol.9 No.2(2018),775-794 

 
 

 
 

Research Article  

Various IoT devices and sensors available allows the businesses to gather as many variables as possible, which 

can further be incorporated in the CRM systems for better customer perspective (Marjani et al., 2017). However, 

a question arises regarding the ethical aspect of collecting such vast and specific data about the clients.  

3.2 Data Acquisition Methods  

IoT data acquisition for CRM involves several methods, each with its own advantages and challenges:  

Direct device communication: Most IoT devices are designed to send data directly to the CRM systems or cloud 

using APIs/middleware. This method enables live data transmission and analysis since data is transmitted in real-

time. For instance, a connected thermostat could provide temperature and usage data in real time to a utility 

company’s CRM for analysis and more efficient responses.  

Edge computing: In this acceptation, data is managed near to or at the edges of the network, where the data was 

originally generated and then forwarded to main CRM systems (Miorandi et al., 2012). Edge computing minimizes 

the use of bandwidth and the associated delays which makes it even more helpful in use-cases where decisions 

have to be made almost immediately. For example, an operational manufacturing plant may apply edge computing 

to analyse data from sensors of the production line and make only necessary data entries to the company’s CRM.  

Cloud-based aggregation: Some of the sources of IoT data include but are not limited to the following and their 

data is aggregated in the cloud then integrated into CRM. This method ensures that it is easy to deal with large 

volumes of data from different sources to a certain scale. Some of the cloud services available for IoT includes; 

AWS IoT Core or Google IoT which offer various services such as Device Management, Data Ingestion as well 

as Data Processing and these services can be linked to the CRM solutions.  

Data lakes: Original sensory data collected from IoT devices are in original form and are typically accumulated 

in data lakes. This approach lets organization to keep all the data for further use, that is why its value may be seen 

in the future even if it is not seen now. Data lakes have their usage in cases where different patterns may be 

searched which are not noticeable during real-time processing.  

Fog computing: This is a multilayered strategy that works with edge computing and cloud computing. It means 

the data is processed at different levels of the network implementing the hierarchy of edge devices and cloud (Ng 

& Wakenshaw, 2017). Through the employment of the fog computing, the processing and transfer of data over 

the IoT and CRM can be enhanced depending on the exigency of the application involved.  

Blockchain-based data acquisition: There are some developments where they are using blockchain technology to 

enhance secure and accurate IoT data acquisition. The consistency of this method can help keep a fixed record of 

the data source and maintain the purity of the data at the time acquisition is made.  

The decision on which data acquisition process to use depends on a variety of factors including the kind of IoT 

clients, needed data amount, latency tolerance, and the CRM usage strategies (Nguyen & Simkin, 2017). Some 

organizations use all these methods in order to develop an efficient and versatile strategy of IoT data acquisition.  

Here's a simple example of how IoT data might be acquired and processed using Python and the MQTT protocol, 

which is commonly used for IoT device communication:  
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This script sets up an MQTT client that listens for IoT device data on a specific topic. When data is received, it's 

processed and could be integrated into a CRM system for further analysis and action. 

3.3 Data Quality and Reliability Considerations 

Consequently, their integrity and quality, particularly in terms of dimensionality, is critical to the successful 

application of IoT-CRM integration. Thus, poor data quality will give wrong conclusion, erroneous decision, and 

even negative result when it comes to the overall impression of customer. Key considerations in maintaining high 

data quality include:  

Data accuracy: Interconnected IoT sensors and devices should also be calibrated, and their maintenance should 

be done in order to overcome the issues of inaccurate readings. Commission checks on the calibration and update 

the firmware from time to time. In such cases, using other jointly measured sensors or comparing with other 

information sources could be required (Perera et al., 2014).  

Data completeness: When some data is missing or incomplete it may distort the analysis and thus wrong 

conclusions may be reached. Some potential methods for the identification and reporting of complete data include 

charring proper error management and data validation approaches when data is being collected. For example, 

when a smart home is determining occupancy, it can use more than one sensor to check whether there is data from 

one of the sensors because even if the sensor is broken, the other sensors will still give an impression of the 

occupancy count.  

Data consistency: Heterogeneity among the IoT devices and data generated is high, and hence, data consistency 

in terms of format and units should be ensured. Having a consistent or standardized approach to the data type 

across the IoT sources requires prove…Thus, data normalisation can help make the data more consistent. For 
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instance, it indicates that all the recorded temperature data are recorded in the same unit (e. g. Celsius) before they 

are fed into the CRM system.  

Data timeliness: Reducing the response time in transmission and processing is crucial, such in the case of real-

time systems. Faster methods to feed data to the system, edge computing can be adopted as a strategy for bringing 

data quicker to the CRM system. For example, an IoT enabled retail store needing to track the customers in their 

store might have real time data analysis requirements for providing coupon offers on the Bluetooth enabled 

portable devices that the customers carry with them.  

Data relevance: IoT devices generate a large amount of data including most of it which is irrelevant and unused 

for CRM purposes. Applying methods of data selecting and data preparation can enable to pay attention on the 

collect of main valuable points. For instance, a fitness tracking gadget may gather as many as a thousand or more 

data measurements per day even as CRM activities would only require average steps per day or average pulse 

rates per day measurements (Riggins & Wamba, 2015).  

Data integrity: Thus, it is important that data remains in its ‘original state’ from the creation to the archival stage. 

Ensuring data quality checks, using secure transmission methods, keeping an audit trail can retain the quality of 

data. Currently, the technology of the block chain is presented as a candidate for guaranteeing the integrity of the 

information of the IoT.  

Data volume management: IoT devices can produce a large amount of data, for example, terabytes of data in a 

short time that can overload the storage and processing systems. They indicated that, data summarization, data 

compression, and the policies in retaining data can assist in the control of data volumes yet retain important 

information.  

 According to research conducted by Gartner in 2018 it was established that poor data quality is a key driver to 

poor organizational performance and it translates to an average of $12. 9 million annually. In light of these factors, 

the problem of data quality when harnessing IoT-CRM has emerged as a major issue, for which many firms are 

now adopting distinct DQM frameworks. These frameworks typically include:  

Quality emerging problems and opportunities data profiling and monitoring tools  

The activities of data pre-processing through clearing and augmentation.  

Fixes to the automated data quality rules and alert mechanisms.  

This one is used to ensure that there is a recorded history of data and handling to support auditability (Salesforce, 

2018).  

Interoperability with master data management systems  

Table 2: Common IoT Data Quality Issues and Mitigation Strategies 

Data Quality Issue Mitigation Strategy 

Sensor inaccuracy Regular calibration, redundant sensors 

Data gaps Interpolation techniques, fallback data sources 

Format inconsistencies Data normalization, standardized schemas 

Transmission delays Edge computing, optimized network protocols 

Data overload Intelligent filtering, summarization techniques 

Security breaches Encryption, blockchain for data integrity 

 
Implementing robust data quality management processes is essential for leveraging IoT data effectively in CRM 

systems. Organizations must invest in both technological solutions and human expertise to ensure the reliability 

and usefulness of IoT-derived customer insights. 
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4. Data Processing and Analysis 

4.1 Big Data Analytics Techniques 

 The use of IoT information to support the CRM processes entails the utilization of lookup techniques that can 

handle big data originating from IoT equipment. These techniques can be broadly categorized into several areas:  

Stream processing: Data stream processing is an important topic in IoT and many use-cases require real-time 

processing of statistical data streams. For processing of the high-velocity data, there are available Apache Kafka, 

Apache Flink, and Apache Storm. For instance, a retail CRM system may implement stream processing for 

monitoring and analysing …foot traffic data collected from sensors, and based on the analytics, adjustments can 

be made in real time to employment or promotions.  

Batch processing: Real-time processing is crucial, however, batch processing of the data obtained earlier is still 

necessary for revealing long-term://trends. Systems such as Apache Hadoop and Apache Spark are perfect for 

handling a large amount of historical IoT data. This approach is especially useful for the objective such as 

customer classification based on their life cycle behaviours.  

Predictive analytics: Forecasting future trends and behaviours with the help of historical and present condition 

information is one of the successful application areas of IoT-CRM. Some of the approach includes time series 

analysis, regression models, as well as the use of machine learning algorithms. For instance, in manufacturing, 

assets’ smart maintenance leverages the IoT sensor information for anticipating equipment failures so that timely 

service to customers may be offered.  

Prescriptive analytics: Taking it a notch higher than being a forecast tool, prescriptive analytics provides 

recommendations on what to do next. This involves decision models and optimality acquisition models or 

algorithms. In a CRM context, prescriptive analytics can recommend the timing and the modality of customer 

contact according to the analysed behavioural data from IoT.  

Spatial analytics: Some or most IoT applications have localization related data in their operation. Hence, spatial 

business intelligence derived from geospatial clustering and hotspot analysis can prove useful for location-

conscious CRM initiatives.  

3007 



Turkish Journal of Computer and Mathematics Education   Vol.9 No.2(2018),775-794 

 
 

 
 

Research Article  

Graph analytics: Whenever there is need to analyse relationships in the IoT data, graph analytics can come in 

handy. In this approach, it is possible to determine the common trends in the interaction of clients across different 

IoT contexts.  

A popular framework for big data processing in IoT-CRM integration is Apache Spark, which offers both batch 

and stream processing capabilities. Here's an expanded example of using Spark for IoT data processing: 
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 This example demonstrates several key aspects of IoT data processing for CRM:  

Ingestion of Streaming data from Kafka  

Data extraction and applying of schema  

These involve the establishment of IoT metrics associated with time in logging and aggregating large amounts of 

data from connected devices.  

Populating the joined data by joining with customer information  

Real-time ‘writing’ of Processed data into a CRM database  

4.2 Machine Learning Algorithms for Customer Insights 

 It is also vital to note that machine learning algorithms are instrumental in transforming IoT raw data into 

knowledge useful in CRM (Schwab, 2017). The mentioned algorithms present potential to identify patterns, to 

make consequent predictions, and even tailor customer relations on a large scale. Some key machine learning 

approaches used in IoT-CRM integration include:  

Clustering algorithms: Other machine learning algorithms such as K-means and DBSCAN are applied in the 

classification of customers in light of the information obtained from the IoT behaviours. For instance, grouping 

of clients according to the way they use the smart home devices can lead to the development of relevant sales 

promotions.  

Classification algorithms: Classification or prediction of the outcomes of respective customers us hence achieved 

by the decision trees, random forests, and the support vector machines. These can be applied to tasks such as churn 

prediction from the usage characteristic of products using IoT devices.  

Regression algorithms: Linear regression, polynomial regression and such other advance models like gradient 

boosting are employed in predictive modelling. These can be used to predict the value of a customer over the 

entire lifetime, or the demand for a certain product using IoT information.  

Time series analysis: The choice for time series data analysis is ARIMA and from the class of neural networks, 

Prophet and LSTM. These are especially useful for forecasting the customer’s future actions or estimating the 

anticipated sales of IoT devices.  
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Anomaly detection: Some of the available algorithms that might be used on IoT data include Isolation Forest and 

One-Class SVM that help in detecting what might be termed as anomalies, which in practice could be signs of 

dissatisfied customers, products with defects, the rise of fraudulent activities, etc.  

Recommender systems: By incorporating IoT, the two main filtering techniques, which are collaborative filtering 

and content-based filtering, can offer very relevant product or service recommendations to the users.  

Natural Language Processing (NLP): NLP algorithms are utilized in analysing customer queries and interaction 

with IoT devices with voice interfaces, this gives a view of the customer’s intention and disposition.  

4.3 Real-time Data Processing Challenges 

While real-time processing of IoT data offers significant benefits for CRM applications, it also presents several 

challenges:  

Scalability: The smart objects are creating etc resulting to the creation of immense amounts of data that must be 

processed using a very efficient processing system. The use of cloud solutions and distributed computing 

architectures are commonly enlisted to solve this problem.  

Latency: Most CRM applications need to make near real-time use of the IoT data, for their own analytical 

purposes. Processing and transmission delay have to be minimized, which always calls for the use of edge 

computing.  

Data quality in real-time: The real-time data streams have errors in data accuracy and data completeness. 

Relatively, the last two areas that require proper implementation of sound data validation and error control 

mechanisms are of high importance.  

Complex event processing: Finding patterns or events of importance in real-time information flows can be a 

complex task often requiring high level of computation and processing.  

Resource management: The real-time analysis and processing can consume many resources. The use of the 

available computing resources must be optimized, and the usage has to be managed well so that the systems can 

continue to perform optimally and cost cannot get out of hand.  

Data integration: In some cases, the integration of real time IoT data with customer history, and other data sources 

in the CRM can be intricate – that is why data integration techniques are often demanding.  

Fault tolerance: Real-time systems should be fault tolerant, be able to and recover from a failure and synchronize 

data (Sivarajah et al., 2017).  

 To address these challenges, organizations are adopting advanced technologies and architectures:  

Framerate of stream processing like, Apache Flink and Apache Kafka Streams  

Specific databases that are designed for IoT data in the time-series like Influx DB or Timescale DB  

Low Latency and bandwidth-consumption solutions based on edge computing  

Dynamic machine learning models able to make changes in a dynamic manner  

Architectures of using microservices for efficient and fault-tolerant processing pipelines  

Therefore, solving mentioned real-time processing issues will be essential for the organizations in the further 

development of IoT-CRM integration, as well as for embracing full potential of the IoT data. 

5. Enhanced Customer Insights through IoT Integration 

5. 1 Customer Behaviour Tracking  

The feeding of IoT data into the CRM systems allows makes it possible to have an unprecedented level of 

understanding of the customers’ behaviour, habits, and utilization patterns. This improved awareness enables the 
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businesses to better align their goods, services, and even promotional techniques. Key aspects of customer 

behaviour tracking through IoT integration include:  

Usage patterns: Smart products also create more information about when, how and where the customer engages 

with the said products. For instance, a smart home system can know which of the technologies integrated into it 

are used most often, when, and in what sequence. All these can be used when designing a product, enhancing the 

user experience and even when conducting targeted marketing campaigns.  

Contextual insights: They found most IoT devices are capable of generating great contextual data about the usage 

context of products. This might include temperature, location, time of day or biometric data where in the case of 

wearables. Thus, customers’ context of product usage gives more precise segmentation and better opportunities 

for appropriate offerings.  

Cross-device behaviour: While customers engage with several IoT devices, the CRM systems can gather more 

extensive information about customer’s daily schedules and tendencies. For instance, data from Smartwatch to 

Smart home and even the car a customer uses can be integrated to form a comprehensive lifestyle about the 

customer.  

Predictive behaviour modelling: IoT data can be used to create a forward-looking appraisal of consumers’ habits, 

which can be used to inform the actions of a business over time. These models can be used to decide in advance 

about the customers’ needs or even if they are likely to leave, or detect potential for selling more services or 

products (Statista, 2018).  

Real-time engagement opportunities: By analysing the IoT data, simple cram actions on the customers can be 

carried out as soon as the customers exhibit certain behaviours. For instance, a retail store could send a message 

about a special offer to a particular client’s smartphone given by the motion-tracking sensors.  

Product lifecycle insights: Products that are IoT integrated can supply information at the onset, during use, and at 

the disposal stage. This makes it possible for businesses to know various phases through which customers go 

through when using their products and when they need to maybe prompted or assisted.  

Behavioural segmentation: IoT data allows for a better and detailed customer categorization by discussing the 

actual customer whole behavioural instead of the demographic and transactional data. This can result in better 

targeting and personalization efforts to the consumers.  

5.2 Predictive Analytics for Customer Needs 

Analytical CRM uses past and current IoT data to forecast the customers’ requirements and actions. This proactive 

strategy helps the businesses to win over the customers, and fulfil their expectations in a better way. Key 

applications of predictive analytics in IoT-CRM integration include:  

Churn prediction: It means that by monitoring and using data regarding products’ usage or customers’ activities, 

and even some indicators of the external environment with the help of IoT devices businesses can determine 

customers who are ready to churn. For example, speaking of the company that serves smart home devices while 

also having extensive customer support, the low usage rate of the smart home devices coupled with high customer 

support utilization rate might represent a higher churn risk. It means that with the help of early identification one 

is able to apply efforts towards retention.  

Demand forecasting: IoT data is rich in terms of giving much detail regarding usage and consumption of a 

particular product and thus much better in terms of demand forecasting. This is especially useful for companies 

with consumable goods that incorporate the IoT integration into their products. For example, a smart printer would 

be capable of ascertaining the time a customer would be out of ink and make suggestions of recoiling or 

subscribing for the ink.  

Predictive maintenance: When a business is dealing in IoT enabled products or services, then advanced customer 

satisfaction can be achieved through predictive maintenance. This means that through analysing the data from the 

sensors of the devices, the companies are in a position to know when the maintenance should be done before a 

failure happens. In addition to enhancing customer availability, it goes a long way in keeping the service 

operations of businesses on check (Verhoef et al., 2020).  
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Next best action prediction: IoT data can be used to build complex models that tell the system what is the type of 

the next interaction with a customer is going to be most efficient. It could be categorized as recommending a new 

product version based on usage, offering an add on service or starting a support pertinent contact before the 

customer is affected.  

Lifetime value prediction: By combining IoT usage data with other customer information, businesses can develop 

more accurate models for predicting customer lifetime value. This allows for more efficient allocation of 

marketing and customer service resources. 

 

 
5.3 Personalization and Customization Opportunities  

IoT offers the extended, qualitative, and real-time data about the consumers’ needs and wants, which makes it 

possible to personalize and customize products, services, and even customer relationships. Personalization can go 

to this level, which can improve the experience of customers and their loyalty, thus boosting the business. Key 

aspects of IoT-enabled personalization in CRM include:  

Dynamic product adaptation: The IoT enabled products may have innovative features which change the products 

characteristics depending on the user and his preferences. For instance, an intelligent temperature controller, a HC 

thermostat, may change some of its settings such as temperature based on learned user preferences, the time of 

day, or data gathered from wearable that show the level of physical activity or the user’s sleeping pattern.  

Contextual marketing: Thus, IoT data is extremely valuable as it offers contextual information to mutually 

effective target marketing communication. For instance, an application for a retail CRM might analyse 

information from a client’s connected automobile to trigger an optimal opportunity for the client to pass near a 

store; this will prompt a message to the customer’s phone.  

Customized service experiences: The management of services can be smart according to the live and past data 

through IoT. For instance, when a client seeks assistance over the phone on a device within the IoT, the service 

provider could have a chance to grasp the state of the item, its use, and possible problems at first glance.  

Proactive personalized recommendations: Analysing the patterns of the IoT data gathered facilitates the prediction 

of new patterns, thus enabling business entities to predict and offer recommendations suited to the buyer’s 

tendencies concerning products, services, or actions. For example, a fitness wearable company may suggest 

particular exercises or dietary plans depending on the user’s activity, sleep quality, and other statistics regarding 

the progress of their fitness goals.  

Adaptive user interfaces: Smart devices that are IoT compliant have skins, voices, or other interfaces that can 

change according to the owner/users’ habits. This could entail the rearranging of the presented options in the form 

of menu items or the modification of the information content density of the delivered information or even the 

interaction modality according to user’s choices and circumstances.  
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Personalized pricing and offers: IoT data can also be used in real-time pricing and offers customization. For 

example, the usage-based insurance firm could provide incentives influenced by the driving patterns data retrieved 

from connected cars. 

6. Implementation Strategies  

6.1 IoT-CRM Integration Frameworks  

As found through the literature, related research and analysis of IoT data in specific context of CRM, the process 

must be structured within a framework that is capable of handling issues related to IoT data stream and at the 

same time take advantage of existing CRM frameworks. Several key components and considerations are essential 

for an effective IoT-CRM integration framework: Several key components and considerations are essential for an 

effective IoT-CRM integration framework:  

Data ingestion layer: This layer is specifically tasked with the gathering of data from the other IoT entities and 

sensors. It needs therefore to be able to accommodate high volume, high velocity data feeds from multiple sources 

(Wamba et al., 2017). Such technologies as Apache Kafka or AWS Kinesis can be used in this case. Ingesting 

layer should also incorporate the functionality for data validation and the primary data transformation.  

Data storage and management: IoT data may contain structured data; it also contains unstructured data; thus, it 

must seek flexibility in its storage. Relational databases to solve structured data problems and NoSQL databases 

or data lakes for unstructured data issues is typical. Database options such as Influx DB or Timescale DB can be 

used for IoT data having temporal aspects.  

Data processing and analytics: This layer is responsible for raw data processing and turning big data IoT into 

useful information. This can be a batch processing where the data is closed and computed at once for past analysis 

and the stream processing where the data under analysis is continuously flowing. Here the technologies like 

Apache Spark, Apache Flink, or cloud services like AWS Lambda can be used. Data mining techniques and 

machine learning models for forming a predict ability model are generally applied at this stage.  

Integration middleware: This component helps in providing the integration between the IoT data processing layer 

and the CRM system. It performs the work of mapping, converting and synchronizing data from one system to 

the other. This is usually accomplished with an Enterprise Service Bus (ESB), or an API management platform.  

CRM system: The current CRM model in use has to be extended by data obtained from IoT. This can also mean 

adding new record type populations, adding and reassigning record types, designing new instrument panels and 

modifying business rules to take advantage of IoT information.  

Security and compliance layer: Due to the vulnerability of the IoT data, security measures that would be put in 

place have to be well establish. This layer should contain the elements like encryption logic, access control 

mechanism and auditing mechanism. It has to also guarantee that compliance with all the requisite data protection 

regulations has been followed.  
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6.2 Data Security & Privacy Issues  

Due to the fact that IoT devices may gather large volumes of data that might contain information of sensitive 

nature, data security and privacy is a very crucial factor when it comes to integration of IoT-CRM solutions (Xu, 

He, & Li, 2014). Some of the factors that should be considered are: Currently, all transmissions of the data between 

the IoT devices, data processing systems, and CRM should be encrypted with additional emphasis on both the 

encrypted data in transit and the data at rest. Identification and allocation of rights are equally important, which 

means that the IoT data as well as derived intelligence must be secured from unauthorized access and use. 

Proprietary data should in as far as possible be anonymized or pseudonymized where the data is reused for 

statistical or other batch type processing.  

Consent is a key process requiring solid mechanisms for the acquisition and processing of customer consent in 

data collection and usage especially in regards to GDPR. Qualified data retention policies need to be set and when 

data is no longer required it needs to be erased. It should be ensured that there should be audit trails, that is logs 

of the data access and processing activities in relation to security monitoring and compliance reporting. Security 

assessments of vendors are needed if the third-party IoT devices or the cloud services are employed; vendors’ 

security must be analysed properly. Last but not least, the provided IoT-CRM paradigm should be periodically 

reviewed and audited for security purposes and penetration testing should be done on the whole IoT-CRM 

structure.  

Scalability and Performance Optimization 

It is, therefore, inevitable that with the ever-growing applications for IoT, issues of scalability will arise. Some 

approaches to scalability and the best way to attain it include designing the system as a distributed system, where 

processing is distributed and spread across nodes and tiers and hence can be scaled horizontally as data grows. It 

is also possible to apply the principles of edge computing, thanks to which data can be processed closer to the 

edge, which means that it is necessary to transmit less information over the network and the connection will be 

faster (Zancul et al., 2016). There are ways of meriting the data so that the volume of data is decreased but the 

pertinent data is not diminished; and caching, where common data or results of calculations are used frequently. 

Asynchronous processing should be used wherever possible in order to gain a more effective and quick system. 

Another aspect of the efficient utilization of the database is related to the choice of the proper indexing techniques 

for IoT data. Now, discussions related to loads should address auto-scaling capabilities that are present in cloud 

environments. With these implementation strategies in mind, organizations would be able to develop sound, 

secure, and extensible IoT-CRM integration systems that would provide meaningful information regarding 

customers while preserving the data’s accuracy and security.  

7. Challenges and Limitations 

7.1 Technical Challenges  
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 There are several technical issues when it comes to the application of IoT to CRM systems. An important 

challenge is that of data size and speed, as numerous interconnected IoT devices will produce colossal amounts 

of data at a very fast rate and such an influx challenges the current IT systems in order to handle such data in real-

time. There is also data heterogeneity issue, as data generated by smart devices of IoT are of different structures, 

and it becomes difficult to integrate and normalize the data. Another related issue is that connectivity between 

different types of IoT devices; data processing platforms; and CRMs can be also problematic due to differences 

in used protocols or standards. Since many modern CRM applications depend on IoT data and demand real-time 

or near-real-time analytics, latency is an issue. Last but not the least; large number of IoT devices lead to increased 

requirement of update, security patch, and maintenance which is a difficult process.  
8. Future Trends and Opportunities 

 8.1 Emerging IoT Technologies  

 The following are some of the emerging technologies that will help to advance IoT-CRM integration even further; 

The integration of connectivity and more specifically the use of 5G will help IoT devices to have better 

connections, faster and much more reliable for real time data transfers and processing. Edge AI which involves 

the integration of AI features right at the IoT device level will further enhance application of further on-device 

processing hence minimizing on the latency and bandwidth demands. It could be beneficial for IoT data 

transaction and IoT device management to be secured a transparent with the help of the technology of blockchain. 

More to this, advanced sensors already in the market are becoming more refined and smaller and will be able to 

gather even more kinds of data providing even more in-depth information about the customer.  

9. Conclusion 

9.1 Summary of Findings  

This paper gives a clear understanding of how integration of IoT with CRM systems is a big step in management 

of customer relationship. Through the use of contextual real-time data from IoT devices, organisations can have 

high amounts of visibility into what customers are doing and what they might require. This renders highly targeted 

customer interactions, the possibility for organizations to anticipate customers’ needs and to address them before 

they are even voiced.  

9.2 Business and Research Analysis  

To the businesses, the IoT-CRM integration helps to improve the customer satisfaction, customer loyalty, and 

generate new source of income thanks to the product customization. But it calls for notably high levels of 

investment in technology platform, data management, and data security. To the researchers the potential relates 

to the study of new themes in data science, privacy protection technologies, and the consequences of constant 

monitoring through smart IoT devices.  

9.3 Recommendations for Further Research  

The topic for future research includes investigating privacy-preserving methods to IoT data analysis, assessing 

the long-term effects of the IoT enabled CRM on customers’ behaviour and their expectations, researching on 

real-time IoT big data processing scalable architecture, establishing the machine learning embedded ethical issues 

of IoT autonomous CRM application and taking benefits of new technologies like 5G and edge AI for IoT CRM 

integration. With steady developments in IoT and CRM technologies, the future of inter-business customer 

relationship is must-see where individual businesses will experience a new era of broader and deeper 

understanding of their customers, improved and proactive, hence, enriching business-customer relations. 
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