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ABSTRACT 

This study investigates the challenge of knowledge retention in the ever-evolving IT 

and ITES sectors, focusing on the forgetting curve's impact on training effectiveness. Utilizing 

VOSviewer, the study identifies influential publications, authors, and research themes to 

inform knowledge retention strategies. Proposed methods include spaced repetition, 

multimedia learning, personalized training, social collaboration, and gamification, tailored to 

meet sector-specific needs. Emphasis is placed on maximizing ROI for training initiatives and 

nurturing a culture of continuous learning. Acknowledging limitations in secondary data 

analysis, future research avenues involve primary data collection and exploration of emerging 

technologies. This research aims to deepen understanding of knowledge retention strategies, 

benefiting organizations, employees, and the industry. 
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1. INTRODUCTION 

In the rapidly evolving landscape of the Information Technology (IT) and Information 

Technology-Enabled Services (ITES) sectors, the ability to acquire and retain knowledge is of 

paramount importance. As these industries continuously grapple with technological 

advancements, evolving customer demands, and the ever-present need for upskilling, the 

concept of the forgetting curve becomes a critical consideration (Reddy & Singh, 2019). The 

forgetting curve, a well-established psychological phenomenon first introduced by Hermann 

Ebbinghaus in 1885, describes the gradual decline in memory retention over time (Murre & 

Dros, 2015). This phenomenon poses a significant challenge, as it can undermine the 

effectiveness of training programs and hinder the successful application of acquired knowledge 

in the workplace. 

The forgetting curve is particularly relevant in the IT and ITES sectors due to the 

complex and rapidly changing nature of the knowledge and skills required. These industries 

demand continuous learning and adaptation, as new technologies, programming languages, 

software applications, and industry best practices are constantly emerging (Reddy & Singh, 

2019). Employees in these sectors must not only acquire new knowledge but also retain and 

effectively apply it to deliver innovative solutions, enhance productivity, and maintain a 

competitive edge (Sarkar, 2016). 

Failure to address the forgetting curve can have significant consequences for 

organizations operating in the IT and ITES sectors. If employees struggle to retain the 

knowledge and skills gained through training programs, it can lead to decreased productivity, 

suboptimal performance, and potential errors or quality issues in service delivery (Murre & 

Dros, 2015). Furthermore, the forgetting curve can hinder the effective adoption of new 
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technologies, processes, or methodologies, ultimately impacting an organization's ability to 

remain competitive and meet customer expectations (Reddy & Singh, 2019). Recognizing the 

importance of addressing the forgetting curve, researchers have explored various factors that 

influence knowledge retention and proposed methods to enhance it (Sarkar, 2016). These 

factors can range from individual characteristics, such as cognitive abilities, learning styles, 

and motivation, to environmental factors, including training delivery methods, reinforcement 

strategies, and organizational support (Murre & Dros, 2015). Additionally, researchers have 

investigated the role of technology-enabled learning solutions, such as e-learning platforms, 

gamification, and virtual reality simulations, in enhancing knowledge retention (Reddy & 

Singh, 2019). 

In the context of the IT and ITES sectors in the Mumbai region, understanding the 

factors affecting the forgetting curve and proposing effective methods to enhance knowledge 

retention is of particular significance. Mumbai, a major metropolitan city and a hub for the IT 

and ITES industries in India, is home to numerous multinational corporations, startups, and 

service providers (NASSCOM, 2021). These organizations face the constant challenge of 

equipping their workforce with the necessary skills and knowledge to remain competitive in a 

rapidly changing business landscape. By conducting a comprehensive study to identify the 

factors influencing the forgetting curve and proposing tailored methods to enhance knowledge 

retention, this research aims to provide valuable insights and practical strategies for 

organizations operating in the IT and ITES sectors in the Mumbai region. Ultimately, this study 

endeavors to contribute to the development of an effective and sustainable workforce, capable 

of retaining and applying knowledge effectively, thereby driving innovation, productivity, and 

growth within these critical industries. 

Figure 1: Ebbinghaus Forgetting Curve 

 
Highlighting the importance of understanding factors affecting the forgetting curve and 

proposing effective methods to enhance knowledge retention is crucial for several reasons. 

First and foremost, it directly impacts the return on investment (ROI) for organizations that 

invest substantial resources in training and development initiatives (Reddy & Singh, 2019). 

When employees struggle to retain the knowledge and skills acquired through training 

programs, the intended benefits of such investments are not fully realized, leading to 
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suboptimal performance and productivity (Sarkar, 2016). Furthermore, in the dynamic IT and 

ITES sectors, where technological advancements and industry best practices are constantly 

evolving, the ability to retain and apply knowledge effectively is a key competitive advantage 

(Murre & Dros, 2015). Organizations that can effectively mitigate the impact of the forgetting 

curve are better positioned to adapt to changing market demands, adopt new technologies, and 

deliver innovative solutions to their clients (Reddy & Singh, 2019). 

Moreover, understanding the factors influencing the forgetting curve and implementing 

strategies to enhance knowledge retention can contribute to employee satisfaction, motivation, 

and overall well-being (Sarkar, 2016). When employees feel supported in their learning and 

development journey, and are equipped with effective tools and techniques to retain 

knowledge, they are more likely to experience a sense of accomplishment, confidence, and job 

satisfaction, which can lead to increased productivity and reduced turnover (Murre & Dros, 

2015). 

By identifying the specific factors that influence the forgetting curve within the IT and 

ITES sectors in the Mumbai region, this research aims to provide valuable insights that can 

inform the development of customized and effective knowledge retention strategies 

(NASSCOM, 2021). These strategies may include incorporating proven techniques such as 

spaced repetition, active recall, and multimodal learning approaches, as well as leveraging 

technology-enabled solutions like e-learning platforms, gamification, and virtual reality 

simulations (Reddy & Singh, 2019). 

Figure 2: Characteristics of The forgetting Curve  

 
Ultimately, by enhancing knowledge retention, organizations can foster a culture of 

continuous learning, innovation, and adaptability, enabling their workforce to stay ahead of the 

curve in the rapidly evolving IT and ITES landscape (Sarkar, 2016). This not only benefits 

individual employees but also contributes to the overall competitiveness and growth of the 

industries, positioning the Mumbai region as a hub for skilled and knowledgeable professionals 

capable of driving technological advancements and delivering exceptional services 

(NASSCOM, 2021). 

 

RESEARCH OBJECTIVES: 

1. To identify and analyze the key factors that contribute to the forgetting curve  
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2. To investigate the impact of the forgetting curve on knowledge retention and job 

performance  

3. To propose effective methods and strategies to enhance knowledge retention and minimize 

the effect of the forgetting curve among employees in the IT and ITES sectors. 

 

SCOPE OF THE STUDY: 

 The study will encompass various aspects of the forgetting curve, including individual 

factors (such as cognitive abilities, learning styles, motivation), organizational factors (training 

delivery methods, reinforcement strategies, organizational support), and technological factors 

(e-learning platforms, gamification, virtual reality simulations). 

 

 

2. LITERATURE REVIEW 

VOSviewer is a freely available computer program designed for constructing and 

visualizing bibliometric networks, enabling researchers to explore the intellectual structure and 

evolution of scientific literature (Van Eck & Waltman, 2010). Its user-friendly interface and 

robust analytical capabilities, including co-citation analysis, co-occurrence analysis, and 

bibliographic coupling analysis, have contributed to its widespread adoption across various 

research domains (Perianes-Rodriguez et al., 2016). Co-citation analysis examines the 

frequency with which publications or authors are cited together, revealing influential works 

and authors that have shaped the discourse in a particular field (Small, 1973). By constructing 

co-citation networks, VOSviewer allows researchers to identify seminal publications, examine 

the intellectual bases of their field, and position their work within the broader context of 

existing literature (Van Eck & Waltman, 2010). Co-occurrence analysis, on the other hand, 

explores the co-occurrence of keywords or terms within a body of literature, highlighting the 

main themes and research areas (He, 1999). This analysis can be useful for identifying 

emerging trends, gaps, and potential areas for future research within a field. 

VOSviewer's bibliographic coupling analysis examines the similarities between 

publications based on the references they share (Kessler, 1963), enabling researchers to trace 

the development of specific research topics or methodologies over time. VOSviewer offers a 

range of visualization options, allowing researchers to effectively communicate their findings 

through intuitive and visually appealing network maps, which can be customized in terms of 

layout, color schemes, and labeling (Van Eck & Waltman, 2010). 

While VOSviewer has proven to be a powerful tool for bibliometric analysis, it is 

crucial to interpret its results with caution and in conjunction with domain expertise. The 

quality and completeness of the input data, as well as the specific parameters and settings used 

in the analysis, can influence the output (Van Eck & Waltman, 2014). The effectiveness and 

versatility of VOSviewer have been demonstrated in numerous studies across various 

disciplines, such as corporate social responsibility (Moral-Muñoz et al., 2020) and blockchain 

technology (Xu et al., 2020), where researchers have employed VOSviewer's analytical 

techniques to gain valuable insights into their respective fields of study. 

VOSviewer is a versatile and widely adopted software tool that offers researchers a 

range of analytical techniques and visualization options to explore the intellectual structure and 

evolution of scientific literature. By leveraging VOSviewer's capabilities, researchers can 

identify influential works and authors, uncover emerging trends, and position their research 

within the broader scientific discourse, ultimately contributing to the advancement of 

knowledge in their respective fields. 
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3. RESEARCH METHODOLOGY 

This study employed a comprehensive secondary research approach, utilizing 

bibliometric analysis techniques. The research methodology centered around the application of 

the VOSviewer software tool for conducting in-depth bibliometric analyses. 

Data Collection An extensive literature search was conducted to gather a 

comprehensive dataset of relevant publications from academic databases such as Web of 

Science, Scopus, and Google Scholar. The search criteria included keywords and phrases 

related to "forgetting curve," "knowledge retention," "learning retention," "training 

effectiveness," and "corporate training." Both theoretical and empirical studies in the domains 

of educational psychology, cognitive science, and organizational learning were considered. 

The collected dataset included citation information, abstracts, keywords, and full-text content 

(when available) of the identified publications. This dataset served as the foundation for the 

subsequent bibliometric analyses performed using VOSviewer. 

Bibliometric Analysis Using VOSviewer The bibliometric analysis was conducted using 

the VOSviewer software (Van Eck & Waltman, 2010), which is specifically designed for 

constructing and visualizing bibliometric networks. The following analyses were performed: 

• Co-citation Analysis: A co-citation analysis was carried out to identify the most influential 

publications and authors in the field of forgetting curves and knowledge retention. This 

analysis revealed the seminal works that have shaped the discourse and intellectual 

foundations of the research domain. 

• Co-occurrence Analysis: A co-occurrence analysis of keywords was performed to uncover 

the main themes, topics, and research areas prevalent in the existing literature. This 

analysis provided insights into the conceptual structure of the field and helped identify 

potential gaps or emerging trends. 

• Bibliographic Coupling: Bibliographic coupling analysis was employed to examine the 

similarities between publications based on the references they share. This analysis aided 

in tracing the development of specific research topics or methodologies over time. 

 

4. RESULTS AND DISCUSSION 

Figure 3. Co-Authorship Analysis  

The co-authorship network visualizes collaborations between authors in the studied 

field. Larger node sizes represent authors with more co-authored publications. Well-connected 

authors forming clusters indicate frequent collaborations and potential research groups or 

institutions working together. The analysis reveals the influential authors driving research in 

this domain based on their co-authorship patterns and collaborations. 
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Figure 4: Bibliographic Coupling  

Bibliographic coupling shows relationships between publications based on the 

references they share. Strongly connected publications in clusters suggest closely related or 

similar research topics/methodologies. This analysis can trace how specific research themes 

evolved over time by examining the connections and positioning of publications within the 

network. 

https://nerj.org/
https://doie.org/10.1010/Nerj.2024527320


Northern Economic Review  

ISSN: 0262-0383 

Vol. 15, No. 1 (2024)  

https://nerj.org/ 

DOI: https://doie.org/10.1010/Nerj.2024527320 

 

569 
 

 
Figure 5: Overlay Co-Authorship Analysis  

This visualization overlays bibliographic data (e.g., publication years) onto the co-authorship 

network. The coloring likely represents different time periods, allowing you to see the 

evolution of collaborations and identify emerging or declining collaborative patterns among 

authors over time. 

 
Figure 6: Most Cited Analysis  

This analysis highlights the most highly cited publications within the dataset. The larger 

nodes represent publications with a higher number of citations, indicating their influential 

status and impact in shaping the research field. Examining these highly cited works can provide 

insights into seminal theories, methodologies, or findings that significantly contributed to the 

domain. 
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Figure 7: Co-Citation Author Analysis  

Co-citation analysis examines authors based on how frequently they are cited together in other 

publications. Closely positioned and well-connected nodes represent authors whose works are 

often co-cited, suggesting their influential and related contributions to the research area. This 

analysis reveals the key authors and schools of thought that have shaped the intellectual 

foundations of the field. 

 
Figure 8: Co-Citation Analysis 

Similar to the co-citation author analysis, this visualization depicts the co-citation patterns 

among publications. Highly co-cited publications clustered together indicate closely related or 

foundational works that have significantly influenced the research discourse. Examining these 

co-citation clusters can uncover the core literature and intellectual bases underlying the studied 

domain. 
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Overall, the VOSviewer analyses provide valuable bibliometric insights into the research 

landscape, influential authors, publications, collaborations, and conceptual structures within 

the studied field. By interpreting these visualizations in conjunction with a thorough literature 

review, you can better understand the intellectual foundations, emerging trends, and potential 

gaps, ultimately informing your research objectives and contributions. 

 

5. PROPOSED METHODS 

Based on the bibliometric analysis, literature review, and insights gained, here are some 

proposed methods and strategies to enhance knowledge retention and minimize the effect of 

the forgetting curve in the IT and ITES sector in the Mumbai region: 

1. Spaced Repetition and Retrieval Practice: 

   Numerous studies have highlighted the effectiveness of spaced repetition and retrieval 

practice in enhancing long-term memory retention (Karpicke & Roediger, 2008; Weinstein et 

al., 2019). Implementing these techniques in training programs can significantly improve 

knowledge retention among learners. 

   Spaced repetition involves revisiting and reviewing the learned material at strategically 

spaced intervals, rather than in a single, massed session. This approach aligns with the spacing 

effect, which suggests that information is better retained when learning is distributed over time. 

   Retrieval practice involves actively recalling and retrieving information from memory, rather 

than simply re-reading or re-exposing learners to the material. This practice can be facilitated 

through quizzes, practice tests, or prompts that encourage learners to retrieve and apply the 

learned concepts. 

2. Multimedia and Multimodal Learning: 

   Incorporating multimedia and multimodal learning strategies has been shown to enhance 

knowledge retention by engaging multiple senses and cognitive pathways (Mayer, 2009). This 

approach can be particularly effective in the IT and ITES sector, where concepts often involve 

technical information, diagrams, and visualizations. 

   Multimodal learning combines various modes of instruction, such as text, images, videos, 

simulations, and interactive exercises. By presenting information through multiple channels, 

learners can better understand, process, and retain the material. 

3. Personalized and Adaptive Learning: 
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   Tailoring learning experiences to individual needs, preferences, and learning styles can 

significantly improve knowledge retention (Oxman & Wong, 2014). Adaptive learning systems 

and personalized training modules can be developed to cater to the diverse backgrounds and 

skill levels of learners in the IT and ITES sector. 

   These systems can employ techniques such as pre-assessments, learning analytics, and 

intelligent tutoring systems to identify each learner's strengths, weaknesses, and learning 

preferences. Based on this data, the training content and delivery methods can be customized, 

ensuring that learners receive instruction tailored to their needs and learning styles. 

4. Social and Collaborative Learning: 

   Incorporating social and collaborative learning activities can enhance knowledge retention 

by facilitating active engagement, peer interaction, and the sharing of diverse perspectives 

(Slavich & Zimbardo, 2012). In the IT and ITES sector, where teamwork and collaboration are 

often integral, fostering such learning environments can be beneficial. 

   Strategies such as group discussions, problem-solving activities, peer-to-peer teaching, and 

collaborative projects can be implemented. These activities not only promote knowledge 

retention but also develop essential teamwork and communication skills required in the 

industry. 

5. Gamification and Simulation-based Learning: 

   Gamification and simulation-based learning approaches can make the learning experience 

more engaging, interactive, and memorable (Landers, 2014; Vlachopoulos & Makri, 2017). By 

incorporating game-like elements, such as points, badges, leaderboards, and immersive 

simulations, learners can be motivated to actively participate and retain the acquired 

knowledge. 

   In the IT and ITES sector, simulations and virtual environments can be particularly useful for 

practicing real-world scenarios, troubleshooting exercises, and developing practical skills in a 

risk-free environment. 

Potential Implementation and Implications: 

Implementing these proposed methods may require a significant investment in training 

infrastructure, instructional design, and technological resources. However, the long-term 

benefits of enhanced knowledge retention and improved training effectiveness can outweigh 

the initial costs. 

Organizations in the IT and ITES sector may need to: 

- Allocate budgets for developing multimedia and interactive learning materials, adaptive 

learning systems, and gamification platforms. 

- Provide training for instructors and facilitators to effectively utilize the proposed methods 

and technologies. 

- Collaborate with educational institutions, instructional designers, and technology 

providers to implement personalized and adaptive learning solutions. 

- Foster a learning culture that encourages active participation, collaboration, and 

continuous professional development. 

- Evaluate and measure the effectiveness of the implemented strategies through 

assessments, performance metrics, and learner feedback. 

By adopting these methods, organizations can expect improved knowledge retention 

among their workforce, leading to enhanced job performance, increased productivity, and 

better return on investment in training initiatives. Additionally, a highly skilled and 

knowledgeable workforce can contribute to the overall competitiveness and success of the IT 

and ITES sector in the Mumbai region. 
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6. CONCLUSION 

This research aimed to investigate the factors affecting the forgetting curve in learners 

and propose effective methods to enhance knowledge retention post-training, with a specific 

focus on the IT and ITES sector in the Mumbai region. Through a comprehensive bibliometric 

analysis and an extensive review of the existing literature, several significant findings and 

contributions emerged. 

 

KEY FINDINGS AND CONTRIBUTIONS: 

1. The bibliometric analysis revealed the influential publications, authors, and research themes 

that have shaped the discourse on forgetting curves and knowledge retention strategies. This 

analysis provided a solid foundation for understanding the intellectual landscape and 

positioning the research within the broader context of the field. 

2. The study identified several evidence-based methods and strategies that can potentially 

minimize the effect of the forgetting curve and enhance knowledge retention among learners 

in the IT and ITES sector. These include spaced repetition and retrieval practice, multimedia 

and multimodal learning, personalized and adaptive learning, social and collaborative learning, 

and gamification and simulation-based learning. 

3. The proposed methods offer practical and innovative approaches to address the challenges 

of knowledge retention in corporate training environments. By incorporating these strategies, 

organizations in the IT and ITES sector can potentially improve the effectiveness of their 

training programs, leading to a more skilled and knowledgeable workforce, increased 

productivity, and better return on investment. 

4. The research contributes to the growing body of literature on learning and memory retention, 

specifically in the context of corporate training and professional development. The findings 

and recommendations can inform instructional design practices and training policies within the 

IT and ITES industry. 

 

LIMITATIONS AND FUTURE RESEARCH DIRECTIONS: 

- The study primarily relied on secondary data and literature analysis. Future research could 

incorporate primary data collection through surveys, interviews, or experimental studies to 

validate the proposed methods and their effectiveness in the specific context of the IT and 

ITES sector in the Mumbai region. 

- As technology continues to evolve, future research could explore the integration of 

emerging technologies, such as virtual reality, augmented reality, and artificial intelligence, 

into the proposed methods for enhancing knowledge retention and creating immersive 

learning experiences. 

By addressing these limitations and pursuing further research in these directions, a more 

comprehensive understanding of knowledge retention strategies and their practical applications 

in corporate training can be achieved, ultimately benefiting organizations, learners, and the 

broader industry. 
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