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Abstract. The purpose of this research is to identify the drivers of innovativeness in a furniture manu-
facturing company. The scenario is the business environment where the hybridization of Technology 
Management (TM) and Knowledge Management (KM) is operative to promote innovation. The ele-
ments of the Technology Acceptance Model (TAM) and Socialization-Externalization-Internalization-
Externalization (SECI) Model of KM have been modeled and used for simulation for the identification 
of the role played by the factors influencing the furniture design information conversion rate. The research 
follows the case study method to research as it draws data from a single company. Data from a multina-
tional furniture manufacturing company that has over 10,000 products and operates in 24 countries 
have been used for simulation purposes. Results have shown that among the five factors that influence 
information conversion rate, the company should focus on correction efficiency and calculation efficiency 
enhancement if the aim is to maximize product and process innovations; and enhance contextualiza-
tion efficiency if the priority is immediate results of innovativeness improvement. The results have also 
shown that about 615 innovative products and processes can be produced in six months by improving 
the correction efficiency to 80%. The theoretical implication of the study is in the form of a model which 
can be used by innovative companies to identify the critical factors that influence innovativeness, and 
the practical implications are in the form of suggestions to the managers of the furniture manufacturing 
company to enhance their innovativeness so as to gain competitive advantage in business.
Keywords: innovation, furniture manufacture, knowledge management, technology management, 
modeling and simulation, information conversion 

1. Introduction

Innovation has become the key driver of business in the current knowledge-driven 
economy. “The context of this research is furniture design, which is a highly creative 
field owing to its bearing on the ever-changing tastes of customers from time to time. 

Innovation has always been the driving force behind progress in various industries, 
pushing boundaries, and ushering in transformative changes. As we step into the 21st 
century, the furniture industry stands at the threshold of a new era of innovation, poised 
to redefine the way we interact with and experience the spaces we inhabit. This exciting 
and dynamic landscape calls for a deeper exploration, a quest to unravel the untapped 
potential within the realms of furniture design and manufacturing. The furniture in-
dustry, with its rich history, has traditionally been synonymous with craftsmanship and 
functionality. However, the winds of change are sweeping through this age-old domain, 
as technological advancements, evolving consumer preferences, and environmental 
concerns converge to shape a future that is innovative, sustainable, and captivating. It is 
within this context that the motivation for research in innovation within the furniture 
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industry comes to life. These driving forces are the main motivation to this research, 
which aims to hybridize the technology management and knowledge management to spur 
innovation. 

The furniture industry has witnessed significant innovation in recent years, driven by 
various factors including technological advancements, changing consumer preferences, 
sustainability concerns, and the desire for more functional and aesthetically pleasing 
furniture solutions. The context of innovation in the furniture industry is multifaceted.  
The integration of technology into furniture has led to the development of smart furni-
ture. This includes items like sofas with built-in speakers and charging ports, tables with 
wireless charging capabilities, and beds with adjustable features controlled via smart-
phone apps. Smart furniture enhances convenience and connectivity in modern living 
spaces. With growing environmental awareness, there is a strong emphasis on sustaina-
ble and eco-friendly materials in furniture design. Innovations in this area include the use 
of recycled materials, bamboo, reclaimed wood, and sustainable production processes 
to create furniture that is both stylish and environmentally responsible. Urbanization 
and the trend toward smaller living spaces have driven the demand for modular and 
space-saving furniture. Innovations in this category include expandable tables, modu-
lar shelving units, and multi-purpose furniture pieces that can serve multiple functions 
within a compact footprint. The 3D printing technology has opened up new possibili-
ties in furniture design and manufacturing. It allows for the creation of intricate and 
customizable furniture pieces that were once difficult or impossible to produce using 
traditional methods. This innovation enables personalization and unique design choic-
es for consumers. Furniture designers now use advanced digital design and visualization 
tools to create and refine their products. Computer-aided design (CAD) software, vir-
tual reality (VR), and augmented reality (AR) are used to design and preview furni-
ture, enabling designers to experiment with new shapes, materials, and styles. Many 
furniture companies offer online customization tools that allow customers to personalize 
their furniture. Customers can choose from various options such as fabric, colour, size, 
and design elements to create furniture that suits their preferences and space. Furni-
ture companies are increasingly collaborating with renowned designers and architects 
to create unique and iconic furniture collections. These partnerships bring fresh perspec-
tives and innovative designs to the market. Innovations in materials science have led to 
the development of high-performance and durable materials, such as engineered woods, 
advanced foams, and metal alloys. These materials contribute to the longevity and qual-
ity of furniture.  There is a growing trend toward minimalist and contemporary furniture 
designs characterized by clean lines and simplicity. This design approach emphasizes 
functionality and aesthetics, often with a focus on sustainability. In the office furniture 
sector, ergonomic innovation is critical. Furniture companies are designing office chairs, 
desks, and workstations that can be customized to fit the unique ergonomic needs of 
individuals, promoting comfort and well-being in the workplace. AI and automation 
are being used in furniture manufacturing to streamline production processes, reduce 
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waste, and improve quality control. These technologies enhance efficiency and consist-
ency in furniture production. Some companies are exploring virtual try-on experiences 
using Augmented Reality (AR) technology. Customers can visualize how furniture will 
look and fit in their spaces before making a purchase, reducing the risk of dissatisfac-
tion. The furniture industry is undergoing a transformation driven by innovation in ma-
terials, design, technology, and sustainability. These innovations are shaping the future 
of furniture, making it more functional, aesthetically pleasing, and environmentally re-
sponsible to meet the evolving needs and expectations of consumers.

While there are several studies that have focused on the efficiency, efficacy, and ef-
fectiveness of technology management and knowledge management on an individual 
basis, not many have attempted the hybridization of both of these management tools 
in creative fields. Even those studies that have researched on hybridizing of technology 
and/or management have focused on hybridizing technology readiness with technol-
ogy acceptance (Acheampong et al., 2017), cost saving with technology adoption (Ul-
lah et al., 2022), and design and management of technology (Casciani et al., 2021). 

2. Review of Literature

The role of innovation in the present-day manufacturing and service industries has 
been realized more than ever before. 

The findings from the research by Georgieva et al. (2023) suggest that Bulgaria’s 
furniture sector is not widely perceived as innovative, and Bulgarian furniture manufac-
turers do not actively engage in partnerships with the IT and mechatronics industries. 
These companies tend to avoid involvement in Global Value Chains (GVCs), as they 
perceive them mainly as supply chains. Consequently, they have a reduced susceptibil-
ity to disruptions within these chains. Moreover, businesses tend to keep their innova-
tions confidential, possibly contributing to the limited collaboration between furniture 
manufacturers and academic institutions, non-governmental organizations (NGOs), 
and other pertinent entities. 

Xiong et al. (2023) focused on the examination of the present state, technical capac-
ities, and emerging trends within the Chinese smart furniture sector. By combining a 
thorough literature review with on-site investigations and an analysis of significant sci-
entific research initiatives in Zhejiang Province, China, a comprehensive evaluation and 
discussion regarding prior experiences, distinguishing characteristics, technologies, 
products, and control methodologies within the smart furniture industry in China were 
conducted. The primary technologies prevalent in the current Chinese smart furniture 
sector encompass embedded systems, sensors, short-range wireless communication, 
artificial intelligence, and intelligent interaction methods. This research also addresses 
the challenges and prospects that the industry faces while highlighting strategies for 
innovation and securing a dominant position in the furniture market during the shift 
from the traditional furniture industry to the era of intelligent enhancement.
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Cheng et al. (2023) have observed the proliferation of digital technologies within 
enterprises resulting in significant transformations in the way knowledge is managed. 
They conducted research to explore the mechanisms and consequences of knowledge 
digitization (KD) on a company’s innovation performance (IP). The study introduced 
the concept of KD, which is characterized by its codability, convergence, and generativ-
ity. The survey involved 238 Chinese furniture companies with a digital foundation and 
tested hypotheses using structural equation modelling. The results indicate that these 
characteristics have a positive influence on IP. Moreover, knowledge advantage (KA) 
acts as an intermediary factor between KD and IP. This discovery not only enhances the 
understanding of the relationship between digital technology and knowledge manage-
ment but also addresses the existing gap in the understanding of the role played by KD. 
Furthermore, it offered valuable insights for knowledge-intensive industries seeking to 
advance digital transformation, implement KD strategies, and gain a competitive edge.

There are studies on the furniture industry in the context of small and medium-sized 
enterprises (SMEs). Zighan and Dwaikat (2020) did research based on semi-structured 
interviews conducted with 53 SMEs in the furniture manufacturing sector in Jordan, 
which revealed that SMEs generally lag behind larger organizations in terms of adopt-
ing agility. SMEs encountered numerous constraints related to resources, with financial 
challenges emerging as a major impediment to the enhancement of their agility. The 
study findings highlighted that manufacturing SMEs can bolster their agility by effec-
tively harnessing the skills and capabilities of their workforce, resulting in a significant 
and simultaneous improvement in organizational agility. Furthermore, the research re-
sults suggested that factors such as customer orientation, service provision, and strategic 
collaboration exert a considerable impact on the development of agility among SMEs.

Through research undertaken by analyzing data from 203 hotel managers, it was 
proved that innovation mediates between customer orientation and business perfor-
mance (Casciani et al., 2021). In another study by Grissemann et al. (2013) in small 
and medium-sized enterprises (SMEs) of consumer goods, it was shown that innova-
tion was the key to the gaining of competitive advantage in business. Cefis and Marsili 
(2006) based on the research conducted in manufacturing firms in the Netherlands 
concluded that innovation acts as a survival tool of business and its impact is higher 
with the age of the firm. Empirical evidence gathered from 259 firms has proved that 
the innovation capabilities of a firm enhance customer participation, which in turn re-
sults in better business performance (Ngo & O’cass, 2006). It has been proved through 
a sample size of 150 firms that innovation acts as a moderator between digitalization 
and business performance, provided the digitalization is aligned with the innovation 
strategy (Fernández-Portillo et al., 2022). Thus, there is research evidence that technol-
ogy and knowledge management should spur innovation in the organization to ensure 
its sustainability.

Peykani et al. (2022) have used the fuzzy front-end concept, fuzzy data envelop-
ment analysis model, and adjustable possibilistic programming approach to identify 



701

MRS Suryanarayana Reddy, Muddangala Naresh Babu, Gundraju Yamuna and all.    
Hybridizing Technology Management and Knowledge Management to Spur Innovation: A System Dynamics Approach

the efficiency of innovation in business performance and proved that by its very nature, 
innovation is full of uncertainty and low efficiency. So, a strategic approach of matching 
business and technology goals was strongly recommended. Limsangpetch et al. (2022) 
conducted empirical research using a sample size of 200 employees of the IT sector and 
proved that knowledge management comprising knowledge acquisition, storage, shar-
ing, and application correlated to business performance through a mediating role of 
organizational innovation. Lai et al. (2022) have proved that both KM and knowledge 
management system (KMS) performance have positive significant influence on innova-
tion performance and business performance, and further, innovation performance has 
positive influence on business performance. Donate and de Pablo (2015) conducted 
research in four innovative manufacturing industries in Spain using a sample size of 111 
and found that knowledge-oriented leadership in the KM practices significantly pro-
moted innovation. More specifically, the study revealed that the KM practices—cre-
ation, transfer, storage, and application when supported well through knowledge-ori-
ented leadership can lead to product innovation. Acosta-Prado et al. (2020) considered 
102 Colombian new technology-based firms for the study of the relationship between 
KM and innovation. The study revealed that flexible structure, state-of-the-art informa-
tion and communications technology, strategic purpose, and competitive environment 
that supported KM were essential for bringing innovative technologies.  

There are hardly any studies that have combined TM with KM and determined the 
hybridized influence of both of these on innovation. Among the few studies which have 
tried to integrate TM and KM, Lin and Huang (2008) utilized the task technology fit 
(TTF) theory and social cognitive theory (SCI) to provide an integrative approach. A 
sample of 192 users of technology in knowledge-intensive organizations was chosen 
for the empirical study. The study revealed that task interdependence, user-experienced 
task-technology fit, self-efficacy of the system in use, and outcome expectations of the 
user were crucial to the success of KM and TM integration. Further, they emphasized 
that the KM strategy and TM strategy need to be aligned well towards a common goal. 
Koster (2022) tried to study the resources capabilities in promoting innovation per-
formance of an organization through the data collected from 673 knowledge-intensive 
organizations in the Netherlands. Through the study, it was revealed that learning capa-
bilities enabled through technological resources can enhance innovation performance. 
Further, granting work autonomy to the employees was found to enhance creative abili-
ties, which in turn promoted innovation. Gloet and Terziovski (2004) found that to 
promote innovation performance, there should be a good combination of ‘soft HRM 
practices’ and ‘hard information technology practices’ as observed through the empiri-
cal research in 70 employees from manufacturing companies in Australia and New Zea-
land that included both private and public sector companies. 

Heydari et al. (2021) have developed an integrative framework of KM and TM in 
the context of the banking industry. Having realized the necessity of developing a da-
tabase for customer KM, customer relationship management, and effective TM, the 
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research identified the elements which formed the integrative model considering the 
Iranian banking industry as the reference. It was observed that phenomenon-orienta-
tion, causation of associated variables, contextual factors, moderating conditions, and 
strategies were identified to be the crucial elements that need to be considered during 
the development of the integrative model.

Isinkaye and Soyemi (2021) considered the integration of KM and TM in the por-
table interactive learning system. This study identified that relevant technologies in 
seeking knowledge, creating knowledge, managing knowledge, and managing feedback 
play an important role during the integration process. It was recommended that the 
rule-based inference method of the program may be necessary to connect the elements 
of the integrative model so that technology may act as an enabler to learning.

Wang et al. (2023) examined the effect of business process digitization on firm in-
novation performance and found that business process digitization has a positive ef-
fect on firm innovation performance, knowledge search plays a mediating role between 
business process digitization and firm innovation performance, and digital culture has 
a positive moderating effect, which is mainly reflected in business process digitization 
and boundary-spanning search. Silva et al. (2022) investigated the role of knowledge 
management practices in the absorptive capacity in soybean farms and found that 
knowledge management practices were identified as the link between potential and re-
alized mechanisms that affect absorptive capacity insofar as they have institutionalized 
the process of creating an organizational memory.

The relation between technology and knowledge management is similar to the link 
between tools and the mind; for instance, the reason uses the tools to transfer and 
explain the idea of reducing waste during manufacturing, and KM at this point uses 
technology for the transfer and exchange of knowledge. While it looks very simple at a 
glance, there are a whole lot of processes and techniques that are involved in linking the 
two, and it must be feasible, and cost justification should also be known beforehand. 
Hybridizing these two concepts adds to complications in many different forms. Design 
information conversion rate involves calculation, condensation, contextualization, and 
correction that have to be made so that over time the perceived usefulness of the de-
sign improves in a continuous manner. Similarly, when the company innovates through 
the efficient KM processes, both the tacit and explicit knowledge contribute to design 
knowledge growth rate and design knowledge advancement rate. A more detailed ex-
planation to this is provided in the model development section.

While there are many such studies in similar lines, there is no evidence of a study 
leading to the hybridization of both KM and TM in the context of innovation.” This is 
the main research gap observed in the research, and our research has the main objective 
of identifying the critical parameters of TM and KM which can contribute to the inno-
vativeness of an organization.

There is a strong reason for selecting a single leading furniture manufacturing com-
pany for simulation purposes. A leading company serves as an excellent reference for hy-
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bridizing knowledge management and technology management to drive innovation in 
the furniture manufacturing industry for several compelling reasons. The company will 
have a history of introducing innovative furniture designs and concepts to the market. 
Their ability to continually develop new and unique furniture products demonstrates 
a strong connection between knowledge management (capturing design and market 
insights) and technology management (using advanced manufacturing technologies). 
The leading company operates on a global scale with a presence in numerous coun-
tries. Managing knowledge and technology across diverse markets and regions requires 
a sophisticated approach. The company’s success in this regard can provide valuable 
insights for other furniture manufacturers looking to expand internationally. The com-
pany revolutionizes the furniture industry with its flat-pack furniture, which reduces 
transportation costs and environmental impact. This innovation required a deep under-
standing of both manufacturing technology and efficient logistical processes, demon-
strating the synergy between knowledge and technology management. The company 
will place a strong emphasis on understanding customer needs and preferences. This 
knowledge-driven approach informs their product development and technology choic-
es, ensuring that innovations are aligned with customer expectations. Thus, a leading 
company with these features would be an ideal model for simulation purposes.

3. The Research Methodology

3.1 The System Dynamic Methodology

System Dynamics modelling and simulation is a methodology used to analyse complex 
systems over time. It is particularly valuable for studying dynamic systems where var-
ious factors interact and influence each other. A brief overview of the methodology is 
as follows:

Problem Formulation: The first step is to clearly define the problem or system you 
want to study. This involves identifying the key components, variables, and relation-
ships within the system. A clear problem statement and objectives are crucial.

Conceptualization: In this phase, a conceptual model of the system is developed. 
This includes creating a causal loop diagram that illustrates how variables in the system 
interact with each other. Causal loops capture both reinforcing (positive feedback) and 
balancing (negative feedback) feedback loops.

Model Building: With the conceptual model in place, building a mathematical rep-
resentation of the system using differential equations or difference equations will be 
undertaken. These equations describe how variables change over time based on the in-
teractions defined in the causal loop diagram.

Data Collection: Data to parameterize and validate the model will be gathered. 
This may involve historical data, expert opinions, or experimental data, depending on 
the nature of the system.
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Model Calibration: The model parameters are tuned to ensure that it accurately 
reflects the behaviour of the real system. Calibration often involves comparing model 
outputs to historical data to fine-tune the model.

Simulation: Once the model is calibrated, simulations are run to explore how the 
system behaves over time. System Dynamics software allows you to set initial condi-
tions and run simulations under various scenarios. These simulations generate dynamic 
behaviours and insights.

Sensitivity Analysis: Sensitivity analysis helps identify which parameters or varia-
bles have the most significant impact on the system’s behaviour. It helps in understand-
ing key drivers and uncertainties in the system.

Policy Testing: System Dynamics models are valuable for testing the impact of dif-
ferent policies or interventions. By changing variables or parameters in the model, one 
can simulate the effects of different policy decisions.

Scenario Analysis: Various scenarios to assess potential outcomes under different 
conditions are undertaken. This is particularly useful for long-term planning and deci-
sion-making.

Model Validation: Continuous validation is essential to ensure that the model ac-
curately represents the real system’s behaviour. If discrepancies arise, the model may 
need adjustments.

Communication: The results and insights gained from the simulations are com-
municated to stakeholders or decision-makers. Visualization tools, such as graphs and 
charts, are often used to present the findings effectively.

Iterative Process: System Dynamics modelling and simulation are often iterative 
processes. As new data becomes available or the system evolves, the model may need 
updates and refinements to remain relevant and accurate.

System Dynamics modelling and simulation provide a holistic view of complex sys-
tems, helping decision-makers understand the long-term consequences of their choices 
and policies. It is a valuable tool for tackling dynamic and interconnected problems in 
various fields, including business, economics, environmental management, and public 
policy.

3.2 The Model Development

The model (Figure 1) was developed based on the data collected from an innovative 
organization that has a proven track record of using the latest knowledge and technolo-
gies in home furnishing and has both the KM and TM strategy aligned to the business 
strategy. The company is internationally known for its home furnishing goods with 
about 10,000 products that include home furniture and accessories. Customers can 
order almost all the range of products online. The company has 253 stores across 24 
countries and 32 stores run by franchises, and has welcomed over 500 million visitors 
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to the stores and over 400 million visitors on their websites. The sales had crossed 20 
billion Euros in 2018, and a growth of about 7% per year has been recorded to date.

Figure 1
The Hybridized Model of Technology and Knowledge Management
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The success of the furniture design industry is mainly based on the technologies 
they use for the marketing and manufacturing of their products and services. “There 
are several technologies that are used by the furniture design industry under consider-
ation. Image-scripting technology (Lee, 2016) is one such technology that is used to 
produce photorealistic images of furniture products. This technology enables poten-
tial customers to visualize the furniture in many different colors and rotate the view 
for better visibility, and even hidden components of the furniture can be zoomed and 
viewed. Product configuration tools (Zhang, 2014) is another technology that enables 
the company to provide the customer with a positive experience with the furniture, 
and also enables the highlighting of the features that the competitor products may lack. 
Augmented Reality (AR) (Phan & Choo, 2010) with all the associated XR technolo-
gies offers immersive near-life experience to the customer about the use of furniture 
and the comforts it can provide. While these are some of the technologies on the mar-
keting side of the product, there are also technologies that can help the optimization 
of manufacturing resources. For instance, Building Information Modelling (BIM) (Se-
bastian, 2010) technology can enable the completion of the projects in lesser time by 
using the intelligent objects which are available in the database and can be used without 
building them from scratch, thus saving time and other resources. Computer-Aided 
Design (CAD) (Döngel et al., 2009) enhances the digital imagery for customers from 
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the design to the manufacturing stage, and the customers can get the products of their 
choice by modifying the size and shape of the furniture to fit into their requirements.” 
All these technologies have to be managed for the benefit of the manufacturer and ul-
timately, they influence the perceived usefulness (PRU) of the customers, which is the 
most essential component of the TAM model.

The two basic elements of TAM are perceived ease of use (PEU) and the perceived 
usefulness (PRU), which determine whether a technology will be accepted or rejected 
in a given context. On the other hand, the basic two elements of the SECI model are 
tacit knowledge (TCK) and explicit knowledge (EXK), which drive innovation. So, in 
the hybridized model, knowledge and technology are the drivers, and innovation will be 
the outcome. The PEU of the technology used in the furniture design will be mainly 
in terms of its ability to handle the large amount of data pertaining to customer pref-
erences in terms of the dwelling place. It could be the demographic details, lifestyles, 
activities performed in the room under design, age group of people who dwell in that 
room, special needs for hobbies or extracurricular activities, goals to be achieved in 
that room, color preferences, artwork, technical needs such as – surround sound, Wi-
Fi, home theatre, computer, projector, etc. (Bao et al., 2022). The PEU is a function of 
both the rate at which these customer preferences increase and the rate at which the 
preferences become outdated and obsolete. So, the PEU will be associated with the de-
sign data growth rate and the design data archive rate. The causal relationship is shown in 
Figure 2. The circular causal loop exists in the PEU as shown in parentheses.

Figure 2
Causal Diagram of PEU
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The PEU is the causal variable to the design information conversion rate. “While the 
PEU is contingent on ease of data handling, the PRU will be contingent on the use-
fulness of knowledge management.  The central focus of the hybridized model is on 
the rate of design information conversion rate.  The furniture design information could 
be in many different ‘forms’ that include: inorganic forms (geometric forms), organic 
forms (those of nature), open forms (outlines of the object), and closed forms (not 
visible from the outside). There is a systematic process to govern the conversion of this 
information into a digital form. The efficacy of this process is mainly based on five fac-
tors: calculation, condensation, categorization, contextualization, and correction. There are 
various calculations involved in the conversion of abstract information gathered through 
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the personal preferences of the customers and in the development of the visual sphere 
(Bandeira Araújo et al., 2019). The furniture designers use different information visu-
alization tools to understand users’ daily activities, and there are several calculations 
that are involved in the development of the visual image of the ‘forms’ that suit the 
liking of the customer. Condensation of the data is another aspect that has a bearing on 
the design information conversion rate. During the information condensation, the im-
ages are converted into some abstract form that is representative of the image, and it is 
important that there is no distortion of the original image when it is recalled (Fowler 
et al., 2001). During furniture design, concept development categorization plays a role 
in the design information conversion rate. During the design information categoriza-
tion, retrieval, association, and transformation have to take place (Finke et al., 1992). 
Contextualization of furniture design is mainly in terms of ‘sustainability’, and all of its 
dimensions have to be considered for its effectiveness (Celadyn et al., 2019). The appli-
cable statutory norms and environmental issues may play a vital role in contextualizing 
the design. In the design information conversion rate, correction also has a role to play. 
Correction refers to the rearrangement of the existing elements in the room without 
breaking the structure (Zhang & Xing, 2021). The information that can facilitate cor-
rection has to be processed very efficiently, and the most relevant data/information 
may have to be applied during the process of correction during the furniture design for 
the best results. In the hybridized model under consideration, these five factors which 
influence the design information conversion rate have been considered with their ef-
ficiencies varying from 20% to 80% in steps of 20%.” The causal diagram of the PRU is 
shown in Figure 3. It has to be noted that there is a circular causality in the PRU that is 
shown within parentheses.

Figure 3
The Causal Diagram of PRU
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The linkage between the TAM and SECI models is through the PRU, which influ-
ences the design information archiving rate and design knowledge advancement rate. The 
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EXK in the organization at any point in time is the remainder of the design knowledge 
advancement rate and design knowledge obsolescence rate. The causal diagram of EXK is 
shown in Figure 4 with the circular causality indicated by the parentheses.

Figure 4
The Causal Diagram of EXK
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The SECI model is basically a knowledge conversion model with a structured ap-
proach to convert TCK that is hidden in the minds of people to EXK that can be cod-
ified and made available for the use of people in the organization for the creation of 
innovative products or processes. The causal diagram of TCK is shown in Figure 5 with 
circular causality indicated by parentheses.

Figure 5
The Causal Diagram of TCK
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The INN taking place in the organization is the result of the conversion of the TCK 
to EXK, and there is cyclic causation between the four basic processes. The causal dia-
gram of INN is shown in Figure 6.

Thus, the knowledge conversion is through socialization, externalization, combina-
tion, and internalization as shown in the hybridized model (Figure 1). The correspond-
ing equations for these relationships are given in the Appendix. 
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Figure 6
The Causal Diagram of INN
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3.3 The Base Run of the Model

The base run of the model is for the data obtained through the Furniture Design Or-
ganization under consideration. The current situation of the organization under con-
sideration is that innovations taking place on a monthly basis vary from about 100 to 
600, which include both product and process innovations, and the organization has 
introduced KMS to identify, assimilate, validate, store, distribute, and apply the knowl-
edge for the benefit of the organization. These innovations were in several forms. For in-
stance, Morpholio software was one such innovation where the industry permitted the 
insertion of some of the most iconic pieces of furniture into customers’ homes through 
a few clicks. In this research, only the five main factors which influence the rate of design 
information conversion have been considered to be the exogenous variables of interest 
that trigger innovativeness, and the variables associated with each of these factors have 
been highlighted in earlier sections. The base run of the simulation was with 20% effi-
ciency of these five factors case by case. The innovation dynamics was simulated for an 
increase in the efficiency of these factors in steps of 20% to reach 80%, which is consid-
ered to be the upper limit.

4. Results, Analysis, and Discussions

4.1 Influence of Calculation Efficiency on Innovation

It can be observed that the system stabilizes in about a year, with the increase in cal-
culation efficiency, after which there will be a marginal improvement in innovativeness 
with the increase in calculation efficiency for the rest of the period (Figure 7). It can be 
observed that if calculation efficiency increases to 60%, in a span of a year, innovativeness 
as measured in terms of the number of innovations will improve by about 50%. Further, 
it can also be observed that even though the difference in the increase in innovativeness 
with the increase in calculation efficiency is marginal initially (for the period of about 
2 months), it increases linearly with the increase in calculation efficiency and stabilizes 
thereafter. More precisely, with an increase in calculation efficiency from 20% to 80% 
in a span of a year, about 300 to 450 innovations can be achieved in furniture design. 
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Figure 7
Influence of Calculation Efficiency on Innovation
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4.2 Influence of Condensation Efficiency on Innovation

It can be observed that with condensation efficiency enhancement, the system peaks out 
in about half a year, and it takes some time to realign itself during which innovativeness 
may be reduced to about 100 in 1 year and 2 months, and thereafter the innovativeness 
increases exponentially (Figure 8). During the peak period, if the condensation efficiency 
is increased to 60%, the innovativeness as measured in terms of the number of innova-
tions will increase by about 28%. It can also be observed that the increase in condensa-
tion efficiency can influence the innovativeness only during the first year and after that 
even though the innovativeness of the firm increases exponentially, the rate of increase 
in condensation efficiency has no significant effect. The rate of increase in condensation 
efficiency provides a maximum of about 160 innovations within half a year.

4.3 Influence of Categorization Efficiency on Innovation

It can be observed that the effect of the increase in categorization efficiency enhancement 
will surface only after about one and a half years of its implementation. Thereafter, there 
will be an exponential increase in innovativeness. In a span of about 3 years, if the cat-
egorization efficiency is improved to 60%, the innovativeness will be increased to about 
83% (Figure 9). However, this approach will be able to bring about 110 innovations in 
a span of 3 years.
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Figure 8
Influence of Condensation Efficiency on Innovation
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Figure 9
Influence of Categorization Efficiency on Innovation
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4.4 Influence of Contextualization Efficiency on Innovation

Among the variables under consideration, contextualization has demonstrated the most 
peculiar behavior. It can be observed that in the first 2 months variation in contextualiza-
tion efficiency will not have a difference in innovativeness in terms of the efficiency varia-
tion; however, thereafter any increase in efficiency will also improve the innovativeness 
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(Figure 10). While the difference in innovativeness will be higher initially, it will be less 
as time elapses. Maximum innovativeness can be observed in the third month, where 
about 200 innovations are found to increase the efficiency of contextualization to 80%, 
and about 110 innovations are introduced for a 20% efficiency improvement. Thus, in 
the third month of operation after implementing the improvement in contextualization 
efficiency, for a 60% improvement in efficiency an increase of about 82% in innovation 
can be achieved.

Figure 10
Influence of Contextualization Efficiency on Innovation
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4.5 Influence of Corrections Efficiency on Innovation

Figure 11 shows that with the implementation of correction efficiency, the peak innova-
tion can be reached in 6 months, and thereafter it fluctuates marginally. During this 
period, while an improvement in correction efficiency yields about 350 innovations, 
an 80% improvement in correction efficiency could bring about 615 innovations. Thus, 
with an improvement of correction efficiency of 60%, the corresponding increase in 
innovations will be about 76%. 

Thus, it is clear from the simulation results that among the variables of the rate of 
design information management, the correction efficiency has the highest influence on 
the number of innovations that can be introduced in the products and processes, which 
is followed by the calculation efficiency. The least influence is observed in categorization 
efficiency, and it is followed by the condensation efficiency. 



713

MRS Suryanarayana Reddy, Muddangala Naresh Babu, Gundraju Yamuna and all.    
Hybridizing Technology Management and Knowledge Management to Spur Innovation: A System Dynamics Approach

Figure 11
Influence of Correction Efficiency on Innovativeness
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5. Implications and Suggestions

Furniture design is a very creative field and the survival of the industry is largely de-
pendent on the drivers of innovation in products and processes. This research has both 
theoretical and practical implications. The theoretical implications are mainly in the 
form of the development of a model which is hybridized through the combination of 
the TAM and SECI models with a dimensional level of interdependence being estab-
lished. The theoretical model has already been discussed earlier and the following spe-
cific suggestions are for the knowledge and technology managers as well as furniture 
designers in the organization. 

The simulation results clearly indicate that improvement in the calculation efficiency 
in design information conversion rate by 60% leads to an increase of up to 50% in the 
innovativeness in products and processes in the furniture design. Effective furniture 
design service largely depends on the identification of the users’ needs and the deliv-
ery of the services as agreed between designers and users, which requires good design 
information transfer between the two parties. So, it is obvious that the furniture design 
managers should process the information obtained from the customers very effectively. 
‘Information visualization’ holds the key to successful furniture design, and this in-
volves the conversion of the abstract design information into a visual and metaphorical 
form. One of the challenges faced by the design information visualization researchers 
is the development of the visual sphere when the design information is in an abstract 
form and lacks space initiative. In other words, the objects, abstract data/information, 
and concepts have to be converted into images from the text form. While there are 
several technological tools available to accomplish this, the most common model that 
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is used to serve this purpose is the ‘sphere activity change map’ (Chen, 2015), which 
is an information visualization tool that helps to understand users’ daily activities. A 
life-model-based design information tree that highlights the space spheres of individual 
family members and depicts the distribution of the average time family members spend 
in each space sphere will be developed using this tool. The suggestion to the managers is 
that they need to focus on the calculation efficiency during all the four stages of convert-
ing data into an image: namely-data/information collection and storage, data/informa-
tion conversion into an intelligible form, graphic display of images, and observation and 
cognition. It is also advisable to identify the gap between the perceived and actual state 
during these calculations so that inaccuracies may be minimized on a continual basis.

Condensation efficiency when improved by 60% has the potential to increase in-
novativeness by 28%. Information condensation will gain importance specifically in the 
temporal dimension of furniture design, for instance, digital storage of furniture designs 
alleviates the problems posed by restrictions of physical space. So, the digitization pro-
cess governed through condensation should be efficient as well as effective in promot-
ing innovations in furniture design. 

Improving categorization efficiency by 60% can increase innovativeness up to 83%. 
The categorization comprises retrieval, association, and transformation of data and in-
formation pertaining to the furniture design, and it has to cater to the ever-changing 
needs of the customers to be efficient. The furniture designers may focus on the basic 
elements of design information categorization viz., color, texture, form, etc., and then 
move to the higher-level descriptors such as sensorial, emotional, and product attri-
butes. 

A 60% increase in contextualization efficiency will improve innovativeness by about 
82%. Contextualization in furniture design becomes important in sustainable furniture 
design which places emphasis on the environmental, economic, social, and cultural di-
mensions. When the focus is on the environment, the ecological effects of the object 
with minimum environmental degradation gain importance. Economic sustainability 
demands the minimum energy consumption in the process of furniture design and pro-
duction. The occupant’s psychological and physical comfort could be of importance 
when social sustainability is in the focus. In addition to these, there are also cultural di-
mensions that are unique to the territory that needs to be considered during the contex-
tualization of the design information pertaining to furniture design. There are several 
aspects that need the attention of furniture designers and their managers. First of all, the 
process of an environmentally friendly environment is not comprehensively defined 
as observed by the researchers (e.g., Celadyn, 2019; Jones, 2008; Sydor et al., 2021). 
This demands systematization and standardization of the processes involved in item-
izing the activities involved in contextualizing the dimensions of sustainable furniture 
design. Furniture design methodology has to be updated with the elements of sustain-
able design, which demands a holistic approach considering the multi-dimensional ap-
proach with importance given to aspects such as integrative furniture design, interdis-
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ciplinary approach to design, evidence-based furniture design, and most importantly 
the research-based furniture design that is emphasized by researchers (e.g., Karan et 
al., 2021; Kim, 2021; Sydor et al., 2021). Multi-functionality of the elements of furni-
ture design is another aspect that demands attention during contextualization. Multi-
functionality to be considered includes the ability of the furniture design to satisfy the 
environmental and ecological dimensions. Contextualization of the furniture design in 
terms of these aspects could considerably spur innovation in this field.  

The study shows that innovativeness can be increased by 76% if correction efficien-
cy is improved by 60 %. Correction is an element that deals with the redesign of the 
physical space without breaking the walls or other physical structures, and correction 
efficiency has a bearing on innovations in processes and products. For instance, there 
are several innovative methods that are available in furniture design to make the space 
look enlarged, broadened, or heightened through optical illusions. There could be situ-
ations where customers specifically look into these aspects of furniture design, and cor-
rection efficiency plays an important role here.

Finally, when all the above factors in furniture design in terms of the information 
conversion paradigm are taken into account on a holistic basis, the most important fac-
tor to be considered by the furniture designers is correction efficiency enhancement. It 
is because when correction efficiency in design information conversion is increased to 
80%, it can lead to as many as 615 innovations that include both process and prod-
uct innovations in a span of 6 months after initiation of the process of improvement 
in efficiency. So, the implication of this research is that if the goal of the managers of a 
furniture design company is to maximize innovativeness, the focus should be on correc-
tion efficiency enhancement. The second factor that could significantly contribute to the 
product and process innovations is calculation efficiency, which can bring about as many 
as 450 innovations in a span of a year after the initiation. These two factors are very ef-
fective in terms of the number of innovations in products and processes. However, if the 
goal of the company is to have the highest possible innovations in the shortest possible 
time frame, then they need to focus on contextualization efficiency improvement, as it 
can generate about 200 innovations in a time as short as three months after initiation. 

6. Conclusion

Innovation is driven both by the knowledge regarding the product or services offered 
by the organization and the technology that is available to convert the information to 
useful knowledge. So, there is a need to develop a hybridized model that combines TM 
and KM in the context of a creative organization that can be of use to other organi-
zations with the appropriate modifications necessary. With these points in mind, the 
research work presented in this paper has the following conclusions which are derived 
through the simulation results undertaken based on the data available through a furni-
ture design company.



716

ISSN 2029-4581   eISSN 2345-0037   Organizations and Markets in Emerging Economies

First of all, to assess the efficiency and effectiveness of technology, we used the Tech-
nology Acceptance Model based on the PEU and PRU of the technology in the given 
context of business. In the case of KM, the two basic forms of knowledge which need 
to be exploited for organizational use are the EXK and TCK. The model shows that it 
is the PRU that contributes most to the advancement of design knowledge available in 
the organization. Further, PEU can contribute to the rate of change in the design data 
that is made available in the organization, which can in turn influence the design infor-
mation conversion rate that will eventually lead to the design knowledge growth rate. It 
is the dynamics of these elements which can promote INN in the organization through 
the two forms of knowledge. This has been conceptualized in the hybridized model in 
the form of stock and flow diagrams in this research. 

The research has identified correction efficiency and calculation efficiency as the most 
important factors when it comes to maximization of product and process innovations, 
whereas contextualization efficiency enhancement should be the priority if immediate 
results of innovativeness improvement are demanded.  

This research has both theoretical and practical implications. Theory building in SD 
is a steady and continuous process. This research has developed a theoretical model that 
has established a linkage between the TM and KM in the hybridized form so as to spur 
innovation in the furniture industry. This model can also be generalized to other man-
ufacturing industries with newer variables added as applicable to the specific industry. 
However, the core model can remain the same.

The practical implications of this research are for the furniture manufacturers. The 
SD model can be used to simulate the data to obtain the trends in the impact of cal-
culation efficiency, condensation efficiency, categorization efficiency, contextualization 
efficiency, and corrections efficiency on innovation. 

This research has focused on only five important factors which control design in-
formation conversion rate as identified by earlier researchers. This could be a limita-
tion of the research as there could be other factors that can also influence the design 
information conversion rate. The generalization made in this research is purely based 
on the data obtained from a single furniture design company, and research on several 
such companies may be required to strengthen the reliability of the study results. The 
results are based on the SD modeling and simulation with its own limitations which are 
applicable to this research too.

To conclude, furniture design is a very creative field and the main driver of gaining a 
competitive edge in business in this field is the innovativeness of the products and pro-
cesses involved in the design. The customers of today can use XR technologies to  have 
a real feel of the furniture in their homes and to visualize what additional utility it can 
provide, and they look for the most creative artifacts. So, to meet these ever-changing 
needs and tastes of the customers there is a need to promote innovativeness through 
creative design, and the five factors considered in this research hold the key to success. 
The outcome of the research could be useful to both academicians and practitioners as 
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it is based on real-time data. Thus, the research is timely and contributes both to theory 
and practice. 
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Appendix  
Equations

(01) calculation= accuracy of form reproduction*software efficiency of image processing
(02) categorization= design information recording efficiency*retrieval efficiency*association 

efficiency*transformation efficiency
(03) combination= socialization factor*internalization factor*externalization factor
(04) condensation= image conversion efficiency*image recall efficiency 
(05) contextualisation= statutory norms coding efficiency*environmental factor coding ef-

ficiency 
(06) correction= item rearrangement efficiency*retrofitting efficiency*space utilization ef-

ficiency
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(07) design data archiving rate=0.1*PEU/TIME STEP
(08) design data growth rate=0.2*PEU/TIME STEP
(09) design information archiving rate=0.075*PRU/TIME STEP
(10) design information conversion rate= (0.6*calculation+0.8*categorization+0.2*condens

ation+0.9*contextualisation +5*correction)*PEU/TIME STEP
(11) design knowledge advancement rate=((combination*(EXK+PRU))+(externalization*

TCK))/TIME STEP
(12) design knowledge decline rate=0.025*TCK/TIME STEP
(13) design knowledge growth rate=((EXK*internalization)+(TCK*socialization))/TIME 

STEP
(14) design knowledge obsoleteness rate= 0.4*EXK/TIME STEP
(15) EXK= INTEG (design knowledge advancement rate-design knowledge obsoleteness 

rate, 0)
(16) externalization=0.1
(17) FINAL TIME  = 36
(18) INITIAL TIME  = 0
(19) INN=EXK+TCK
(20) internalization=0.1
(21) PEU= INTEG (design data growth rate-design data archiving rate, 1)
(22) PRU= INTEG (design information conversion rate-design information archiving rate, 

1)
(23) SAVEPER  = TIME STEP
(24) socialization=0.1
(25) TCK= INTEG (design knowledge growth rate-design knowledge decline rate, 0)
(26) TIME STEP  = 1
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