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Abstract 
Purpose 
This study investigates the determinants of technology adoption and its impact on enterprise performance in labour-
intensive textile units. Grounded in the Technology-Organisation-Environment (TOE) framework and integrated with the 
Stimulus-Organism-Response (SOR) model, the research examines how technological context, organisational readiness, 
and environmental pressures influence adoption intensity, which in turn influences enterprise performance. 
Design/Methodology/Approach 
Primary data were collected from 350 textile units in Haryana, India, using a structured questionnaire. Structural Equation 
Modelling (SEM) was employed to test the measurement and structural models. Confirmatory Factor Analysis (CFA) 
established reliability and validity. Quantitative findings were supplemented with qualitative interviews to capture 
contextual and behavioural insights. 
Findings 
Technological context, organisational readiness, and external environment significantly influence adoption intensity, with 
organisational readiness emerging as the strongest predictor. Adoption intensity exerts a strong positive effect on 
enterprise performance outcomes, including productivity, quality consistency, delivery efficiency, and competitiveness. 
Qualitative evidence highlights financial constraints, skill gaps, and managerial conservatism as key barriers. 
Research Limitations/Implications 
The study is limited to textile MSMEs in one Indian state and uses cross-sectional data. Future research may incorporate 
longitudinal and multi-regional designs and examine behavioural moderating variables. 
Originality/Value 
The study extends the TOE framework by demonstrating that internal organisational capacity is the primary driver of 
adoption intensity in structurally rigid, labour-intensive manufacturing settings. 
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1. Introduction 
The world manufacturing industry is rapidly changing, 
driven by automation, digitalisation, and Industry 4.0 
technologies; however, the change is not evenly 
distributed across industries, as the textile and apparel 
industry is one of the most labour-intensive in the world. 
Whilst the most popular companies use sophisticated 
automation, cyber-physical systems, and data-driven 
production models to achieve greater efficiency, quality, 
and responsiveness, numerous small- and medium-sized 
textile companies are constrained by technological 
obsolescence and a lack of automation (Butollo et al., 
2021; Rai et al., 2021). Technological obsolescence 
occurs when old equipment and old systems go 
unnoticed due to a lack of competitiveness against 
newer alternatives and faded effectiveness in carrying 
out tasks, displaying talent, and responding to the 
market (Moeuf et al., 2018; Bhatia et al., 2023). 
Meanwhile, automation deficits will indicate the 
inefficient use of process automation, restricting cost 

efficiency, quality consistency, and timely delivery 
(Fatorachian & Kazemi, 2018; Marzi et al., 2018). 
These fixed costs increase performance gaps, especially 
in emerging economies where the conservativeness in 
investment patterns and constraints on the availability 
of resources hinder diffusion of technology (Jahan et al., 
2022; Pu et al., 2023). Even though advanced 
manufacturing technologies suggest quantifiable 
improvements in productivity and environmental 
performance, the adoption occurs not only concerning 
technological preparation but also concerning 
organisational performance and environmental 
pressures; therefore, frameworks including Technology-
Organisation-Environment (TOE) and Stimulus-
Organism-Response (SOR) play an important role in 
explaining the uneven modernisation patterns found in 
textile manufacturing. 
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1.1. Technology gaps in India’s textile sector 
India is ranked in sixth position among the world’s 
textile exporters after China, Bangladesh, Vietnam, 
Turkey, and the European Union (Government of India, 
2025); however, the sphere of its industry is marked by 
high levels of structural dualism. The industry consists 
of traditional handloom work, modern composite mills, 
and clustered micro, small, and medium industries, 
which led to a great disparity in the level of 
technological complexity and operational preparedness. 
As big businesses are progressively moving towards 
sensor-driven production, automated cutting, and digital 
traceability solutions, many MSMEs still use outdated 
machines and manual quality control, and their 
operations are usually batch-based (Tao et al., 2021). 
Though such variety presents the socio-economic 
significance and labor concentration in the sector, at the 
same time, it yields disproportionate technological 
capacities due to insufficient financial resources, talent 
gaps, lack of coherent value chains, and insufficient 
institutional provisions (Saha et al., 2021). Decades-old 
spinning, weaving, and processing machinery leads to 
high levels of energy usage, increases in maintenance 
expenses, decreased flexibility, and limited market 
operation in high-outcome markets as evidence of 
obsolescence (Iyer, 2018; Vijayan et al., 2016). Besides 
old stock equipment, there is also the problem of the 
lack of automation in between the digital and the smart 
manufacturing systems, especially in smaller companies 
that are still largely labour-based (Habib et al., 2024; 
Chourasiya and Pandey, 2025). Evidence of uneven 
technology development in regional groups of textile 
industries, including Tirupur, Ludhiana, Surat, 
Coimbatore, and Bhiwandi, also demonstrates the 
impact of institutional ecosystem differences on uneven 
development (Mankirat, 2024). Although a series of 
government-led schemes, such as the Technology 
Upgradation Fund Scheme (TUFS), Make in India, and 
Production-Linked Incentive (PLI) scheme, are 
supposed to enhance and speed up technological 
renewal, structural rigidity and absorptive constraints 
have limited their effectiveness and left the industry 
technologically fragmented and competitively 
vulnerable (Goyal et al., 2018). 
Technology adoption in the Indian textile industry is 
constrained by skill gaps, financial limitations, and 
growing sustainability pressures (Birajdar & 
Vasudevan, 2022). This study applies the Technology–
Organisation–Environment (TOE) framework to 
identify adoption determinants and integrates the 
Stimulus–Organism–Response (SOR) model to 
examine how adoption influences enterprise 
performance using Structural Equation Modelling 
(SEM). By focusing on a labour-intensive sector facing 
structural inertia and modernisation pressures, the study 
explains the uneven yet critical nature of technological 
transition. The remainder of the paper proceeds with the 
literature review, theoretical framework, methodology, 
results and discussion, implications, limitations, and 
conclusion. 
 

2. Review of Literature 
2.1 Factors that determine technology adoption in 
firms 
An honourable amount of academic literature indicates 
that technological, organisational, and environmental 
factors jointly determine the uptake of technology at the 
firm level. According to the previous research, relative 
advantage, complexity, compatibility, organisational 
preparedness, managerial support, competitive 
intensity, regulatory environment, and network relations 
are potent predictors of adoption choices (Huang et al., 
2025). Equally, a study on SMEs in the textile and 
garment industry identifies performance expectancy, 
effort expectancy, trust, government support, and 
market competition to be key drivers of the adoption of 
digital technology (Susanty et al., 2025). It has also been 
demonstrated that organisational capabilities, such as 
human resources, financial power, managerial 
productivity, and structural preparedness, also make a 
decisive contribution to the outcomes of adoptions 
(Chen and Chen, 2024; Chourasiya and Malviya, 2025). 
The enabling factors in automation and digital 
transformation in the Indian environment are found to 
be technology readiness, the ability to invest, scalability, 
market need, and government support (Hossain et al., 
2024; R and G, 2025). Taken together, the available 
sources accumulate in the concepts of cost, availability 
of resources, managerial commitment, size of the firm, 
resource pressures, institutional support, and linkages of 
the supply chain as core variables influencing 
technology adoption (Ishmael et al., 2017; Hoque et al., 
2023; Mim et al., 2024). Nevertheless, most of the 
literature has focused on cost efficiency, productivity 
improvement, and sustainability, but very little has been 
done on the relationship between technological 
obsolescence, deficits in automation, and the 
performance of companies. This paper fills this gap by 
considering the issue of structural technological 
constraints and their impact on adoption behaviour and 
the resultant performance outcomes. 
 
2.2 Technological Obsolescence, Automation 
Deficits, and Performance Gaps in Manufacturing 
Current literature discusses the topic of technological 
obsolescence and the lack of automation, which has a 
negative impact on performance in the manufacturing 
industry in its pure form. Sierra-Fontalvo et al. (2023) 
define technological obsolescence as when the newer 
technology or equipment makes the already existing 
systems ineffective, less efficient, and unattractive. The 
toleration of this obsolescence in the long run may lead 
to a decline in productivity, high cost of manufacturing, 
and under competitiveness, and so to poor 
underperformance among the firms, as Amankwah-
Amoah (2017) points out. Bernardino et al. (2025) also 
show that the textile industry is technologically 
obsolete, not only in the green sense, but also in the 
psychological one, when a new piece of equipment and 
the development of fast fashion, on the one hand, lead 
to the fact that older products, which are manufactured 
on outdated technologies, are forgotten. According to 
Ates and Acur (2022), companies that implement strong 
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adaptive practices learn to reduce the risks of becoming 
obsolete and, at the same time, continually remain on 
their feet among changing circumstances. Automation 
deficits, which can be explained as the terms established 
by Doran et al. (2025), are gaps or deficits in the 
adoption, implementation, and utilisation of automation 
technologies in a given sector or industry. In the textile 
sector, these deficits are still present mainly because of 
economic, sectoral, and structural obstacles like 
expensive start-up expenses, skills shortages, and 
resistance to change (R & G, 2025). Another point 
Lopera and Velez-Ocampo (2021) make is that although 
automation can limit the generation of jobs in the labour 
market, anti-automation may limit productivity and 
place a person at risk of being outcompeted. According 
to Hwang and Kim (2022), the performance gap, which 
is caused by technology, is the inability to correctly use 
and integrate new technology, leading to lower 
productivity, efficiency, competitiveness, and missed 
opportunities compared to innovative companies in the 
field. The unsatisfactory performance is often 
maintained by a lack of financial resources, skills and 
capacity, organisational readiness, complexities and 
integration issues, and external impediments (Cotrino et 
al., 2020; Ghobakhloo et al., 2022; Roman and Rusu, 
2022; Shah et al., 2024; Jamil et al., 2025). Further, the 
literature separates the contributions of technological 
obsolescence and deficiency of automation in the 
explanation of the performance gap, which indicates 
evidence of their undermining effect on the performance 
of the textile sector and manufacturing industry firms. 
Lastly, available literature is most likely to be narrow 
and concentrated around specific technological aspects 
(i.e., ICT, digitalisation, or automation) instead of using 
a more integrative approach (considering all the 
applicable technology aspects). 
 
2.3 Technology Adoption in the Textile Industry: 
Global Evidence, Indian Context, and Structural 
Barriers 
The extensive research on technology adoption in the 
textile industry shows that its diffusion does not occur 
evenly in terms of geographic location and scale of 
firms, and has significant differences in developed and 
developing economies, or large firms versus micro, 
small, and medium enterprises. Typically, the identified 
barriers include financial limits, lack of skills, 
organisational inflexibility, lack of infrastructure, and 
regulatory burdens (Khin and Kee, 2022; Mahmood et 
al., 2025). At the same time, the data of the international 
empirical research supports the idea that technological 
modernization promotes the improvement of 
sustainability performance, supply-chain integration, 
strategic agility, innovation potential, and operational 
efficiency (Ahmad et al., 2020; Zhang et al., 2023; 
Oliveira Neto et al., 2023). Similar limitations persist in 
the Indian context, including high implementation costs, 
managerial commitment levels, workforce upskilling 
issues, institutional inefficiencies, and lack of 
infrastructural protection, thus affecting the platform's 
ability to modernize (Chaudhary et al., 2020; Kaur et al., 
2024). Whereas adoption can bring about visible 

productivity and competitiveness increase, structural 
inflexibility hinders extensive change. All of the 
literature taken together influences the point that the 
issue of technological obsolescence and lack of 
automation continue to contribute to performance gaps 
in this labour-intensive but somewhat capital-intensive 
sector, and thus poses the need for a more 
comprehensive analysis of the structural factors 
hindering it. 
 
3. Theoretical and Conceptual Model 
The suggested model is based on the Technology-
Organisation-Environment (TOE) paradigm (Tornatzky 
& Fleischer, 1990), modified to consider the aspect of 
structural limitations peculiar to textile production. The 
model assumes the involvement of technological 
conditions, organisational capacities, and 
environmental pressures in adopting technology. 
 
3.1 Technological Context 
The technological environment brings forth the 
attributes of current and new systems of production, 
which determine the adoption. The three issues that are 
notable in terms of textile manufacturing include 
technological obsolescence, shortage of automation, 
and change resistance (Moeuf et al., 2018). 
Obsolescence is becoming a problem when old 
machines no longer find company in terms of 
competitive relevance and thus reduce their operational 
efficiency, flexibility, and responsiveness (Bhatia & 
Kumar, 2023). The shortage of automation - reduced 
integration and use of automated and digital systems - 
hinders the achievement of quality consistency, speed in 
production, and cost-effectiveness (Fatorachian & 
Kazemi, 2018). The companies that apply 
programmable, sensor-based, and automated 
technologies are more competitive than the firms that 
rely on legacy systems (Marzi et al., 2018). In turn, these 
technological environments should determine the 
preference of firms to use modern systems. 
H1: Technological factors have a significant impact on 
the adoption intensity of technology in textile firms. 
 
3.2 Organisational Readiness 
Organisational readiness embodies internal 
preparedness, such as monetary strength, managerial 
dedication, workforce expertise, and organisational 
flexibility. Textile MSMEs frequently face the threat of 
capital limitation, the lack of skills, and the disjointed 
coordination systems that restrict absorptive capacity 
(Saha et al., 2021). Restricted involvement of the 
managerial staff and aversion to risks postpone the 
investment in modern technologies, as well as 
strengthening the adherence to old production habits. 
On the other hand, financially stable companies possess 
quality human capital and have positive leaders who can 
easily undertake a technological upgrade and embrace 
new systems with ease (Chen and Chen, 2024). The 
organisational preparedness is therefore a decisive 
factor when it comes to the results of the adoption. 
H2: Organisational readiness has a significant impact on 
the adoption intensity of technology in textile firms. 
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3.3 External Environmental  
The environmental aspect comprises external market 
and institutional pressures that condition adoption 
incentives. Regulatory frameworks, government 
incentives, intensity of competition, and a changing 
market demand are all pressures on the firms to 
modernise (Tao et al., 2021). The policy tools like TUFS 
and PLI are expected to enhance the process of 
technological modernization in India, whereas the 
global competition standards and sustainability 
standards increase the price of technological inertia 
(Government of India, 2025). The effectiveness of these 
interventions can, however, be moderated by 
bureaucratic complexity and skewed institutional 
support. Environmental pressures thus play the role of a 
driver as well as a restraint of decisions to adopt. 
H3: The external environment has a significant impact 
on the adoption of technology in textile firms. 
 
3.4 Adoption Intensity and Enterprise Performance 
Outcome 
The adoption of technology goes beyond operational 
adjustment, and it has a direct impact on performance. 

The practice demonstrated by empirical research alters 
the findings that automation and digital integration 
contribute to increased productivity, consistency, and 
uniformity of quality, delivery reliability, and decreased 
costs (Rai et al., 2021; Rana et al., 2024). Conversely, 
continuous use of outdated technologies increases the 
disparity of performance in terms of inefficiency, 
inconsistency, and decreased market responsiveness 
(Hwang & Kim, 2022). The adoption, therefore, 
functions under a strategic mode that companies reduce 
the differentials of competitiveness and enhance the 
long-term sustainability. 
H4: Adoption of technology significantly impacts the 
enterprise performance.  
The conceptual model presented in Figure 1 below is 
drawn based upon the Stimulus-Organism-Response 
(SOR) framework by Mehrabian & Russel (1974), 
explaining how technology, organisation, and 
environment-related factors stimulate technology 
adoption, further leading to a response in firm 
performance. 

 
Figure 1: Conceptual Model 

 
Source: Author’s work 

 
4. Methodology 
4.1 Measurements 
The study utilized a structured questionnaire to 
operationalize latent constructs derived from 
established literature, ensuring both measurement 
validity and cross-study comparability. All items were 
assessed using a five-point Likert scale (1 = strongly 
disagree to 5 = strongly agree), a widely accepted 
measurement approach in social science research 
(Likert, 1932; Kothari, 2004; DeVellis, 2012). 
The analytical framework comprised five principal 
constructs: Technological Context (TC), Organisational 
Readiness (OR), External Environment (EE), Adoption 
Intensity (AI), and Enterprise Performance Outcomes 
(EPO). These constructs were adapted from prior 
empirical and theoretical studies grounded in the 

Technology–Organisation–Environment framework 
and related adoption-performance literature (Tornatzky 
& Fleischer, 1990; Venkatesh et al., 2003; Moeuf et al., 
2018; Tao et al., 2021; Rana et al., 2024; among others). 
A pilot survey involving 50 respondents was conducted 
to assess clarity, reliability, and instrument consistency. 
The reliability analysis indicated that Cronbach’s alpha 
values for all constructs exceeded the recommended 
threshold of 0.70 (Nunnally, 1978). Content validity 
was further ensured through expert evaluation using 
Lawshe’s (1975) content validity approach. 
 
4.2 Data 
The primary survey covered textile unit owners, 
operations managers, and production heads in Haryana. 
A proportionate stratified sampling method ensured 

Technological  
Context 

Organisational 
Readiness 

External 
Environmental 

Adoption 
Intensity 

Enterprise 
Performance 

Outcome 

Stimulus Organism Response 
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representation across value chain segments (Kothari, 
2004). Using Cochran’s (1963) formula, a statistically 
robust sample size of 350 respondents was determined. 
Data were collected through online surveys and factory-
visit interviews, with outliers screened to maintain data 
quality. 

 
4.3 Normality 
Normality was assessed using skewness and kurtosis 
statistics (Kline, 2011). All values fell within the 
acceptable ±2 threshold, confirming univariate 
normality. 

Table 1: Normality of Data 
 Factors Mean Std. Deviation Skewness Kurtosis 
TC1 3.73 0.89 -0.279 0.478 
TC2 3.67 0.92 -0.119 -0.183 
TC3 3.79 0.87 -0.339 0.268 
OR1 3.68 0.82 0.052 -0.138 
OR2 3.57 0.86 0.184 0.332 
OR3 3.72 0.862 0.062 0.188 
OR4 3.61 0.83 -0.072 0.192 
OR5 3.72 0.91 -0.098 -0.063 
EE1 3.59 0.89 -0.187 0.283 
EE2 3.59 0.86 0.122 -0.064 
EE3 3.73 0.87 -0.15 -0.114 
EE4 3.67 0.91 -0.219 0.369 
AI1 3.63 0.93 0.162 0.149 
AI2 3.70 0.88 0.041 -0.071 
AI3 3.77 0.87 0.086 0.293 
EPO1 3.76 0.87 -0.132 0.202 
EPO2 3.67 0.91 -0.172 -0.041 
EPO3 3.71 0.88 0.111 0.332 
EPO4 3.77 0.86 0.061 -0.152 
EPO5 3.69 0.92 -0.213 0.312 
 
4.4 Reliability and Validity 
Construct reliability and validity were assessed using Cronbach’s Alpha, Composite Reliability (CR), and Average 
Variance Extracted (AVE). As reported in Table 2, all Alpha and CR values exceeded 0.70, while AVE values were above 
0.50, confirming convergent validity. Discriminant validity was established using the Fornell–Larcker criterion (1981) 
(Table 3), and VIF scores indicated no multicollinearity concerns. 
 

Table 2: Reliability of Constructs 
Constructs No. of items Standardized loadings Cronbach’s A-alpha Composite Reliability (CR) 
TC TC1 0.784 0.842 0.879 

TC2 0.819 
TC3 0.832 

OR OR1 0.765 0.882 0.908 
OR2 0.801 
OR3 0.815 
OR4 0.783 
OR5 0.827 

EE EE1 0.789 0.864 0.899 
EE2 0.843 
EE3 0.821 
EE4 0.845 

AI AI1 0.801 0.853 0.891 
AI2 0.832 
AI3 0.809 

EPO EPO1 0.843 0.900 0.946 
EPO2 0.818 
EPO3 0.829 
EPO4 0.858 
EPO5 0.851 
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Table 3: Discriminant Validity 

 TC OR EE AI EPO 
TC 0.812     
OR 0.423* 0.798    
EE 0.381* 0.439* 0.825   
AI 0.509* 0.561* 0.479* 0.814  
EPO 0.467* 0.492* 0.415* 0.623* 0.840 
Note: Diagonal values represent the square root of Average Variance Extracted (√AVE). Each √AVE exceeded the inter-
construct correlations, confirming discriminant validity among all constructs. 
 
4.5 Structural Equation Modelling 
Structural Equation Modelling (SEM) was employed as 
it integrates factor and path analysis, enabling 
examination of complex relationships among multiple 
latent constructs (Bollen, 1989; Hair et al., 2019). The 
analysis proceeded with Confirmatory Factor Analysis 
(CFA) for model validation, followed by structural 
modelling for hypothesis testing (Anderson & Gerbing, 
1988). 
 
4.5.1 Measurement Model: CFA 
The measurement model was evaluated using 
Confirmatory Factor Analysis (CFA) to ensure 
adequacy and statistical robustness. All five latent 
constructs were operationalised through validated 
scales. Standardised factor loadings exceeded the 
recommended 0.70 threshold, supporting convergent 
validity (Hair et al., 2019). Composite Reliability values 
were above 0.70, indicating strong internal consistency 
(Fornell & Larcker, 1981), while AVE values surpassed 
0.50, confirming that each construct explained a 

substantial share of variance in its indicators. 
Discriminant validity was established using the Fornell-
Larcker criterion, where the square root of AVE for each 
construct exceeded inter-construct correlations. 
Additionally, HTMT ratios were below 0.85 (Henseler 
et al., 2016), further confirming discriminant validity 
among the five constructs: TC, OR, EE, AI, and EPO. 
Model fit indices indicated an acceptable fit: χ²/df was 
below 3.0, CFI and TLI exceeded 0.90, and RMSEA and 
SRMR were below 0.08 (Hu & Bentler, 1999). 
Collectively, these results demonstrate that the 
measurement model was statistically sound and suitable 
for subsequent structural analysis. 
 
4.5.2 Structural Model 
Path analysis results in Table 4 indicate that 
Technological Context, Organisational Readiness, and 
External Environment exert significant positive effects 
on Adoption Intensity, which in turn positively 
influences Enterprise Performance Outcomes in textile 
firms. 

 
Table 4: Path Coefficients 

Hypotheses Path Standardized direct Effect Critical Ratio Result 
H1 TC � AI 0.273 4.83* Accepted 
H2 OR � AI 0.418 7.61* Accepted 
H3 EE � AI 0.236 3.42* Accepted 
H4 AI � EPO 0.547 9.17* Accepted 
 
4.6 Qualitative Study 
Qualitative interviews with owners and managers complemented the survey by exploring contextual barriers to 
technology adoption. The findings reinforced the role of technological, organisational, and environmental determinants 
in shaping firm performance and provided deeper insight into cultural and operational constraints within textile units. 
 
4.6.1. Qualitative analysis 
Semi-structured interviews explored technology adoption practices, guided by the quantitative constructs and additional 
questions on operational context and managerial perceptions. A recurring theme was participant attitude: while 
respondents acknowledged the importance of technology adoption, many preferred labour-intensive processes. Field 
observations further indicated the possible presence of disguised unemployment within textile units. 
Table 5 below shows the demographic profile of workers. 
 

Table 5: Demographic Profile of Respondents 
Participants ID Age Experience (in Years) Firm Type Firm Category 
P1 48 21 Small Knitting 
P2 41 14 Micro Spinning 
P3 31 8 Micro Garmenting 
P4 27 1 Micro Garmenting 
P5 32 6 Micro Dyeing & Finishing 
P6 51 29 Small Spinning 
P7 45 17 Small Weaving 
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P8 39 15 Micro Spinning 
P9 37 16 Micro Garmenting 
P10 41 13 Small Dyeing & Finishing 
P11 29 6 Micro Spinning 
P12 40 12 Micro Weaving 
P13 33 12 Micro Knitting 
P14 54 26 Small Dyeing & Finishing 
P15 32 7  Micro Garmenting 
P16 35 15 Small Garmenting 
P17 42 18 Micro Knitting 
P18 28 2 Micro Spinning 
P19 37 13 Micro Spinning 
P20 31 9 Micro Weaving 
P21 47 5 Micro Dyeing & Finishing 
P22 53 27 Small Knitting 
P23 29 4 Micro Garmenting 
P24 56 32 Small Dyeing & Finishing 
P25 40 10 Micro Weaving 
P26 49 15 Small Spinning 
P27 55 10 Micro Knitting 
P28 47 12 Small Knitting 
P29 30 8 Micro Spinning 
P30 23 1 Micro Garmenting 

 
The interviews revealed that the biggest obstacle to 
adopting new technologies was simply a lack of 
financial resources. However, beyond structural 
constraints, the mindset of the adopters also played a 
crucial role. Although most owners and managers 
clearly understood the benefits of modern technologies, 
many still felt more comfortable relying on familiar, 
traditional production methods. The following excerpts 
from respondents reflect these sentiments. 
“Technical upgrades are seldom required in our textile 
unit; in fact, the machinery currently in use was 
installed about a decade ago.” (P27, Owner) 
“Although new technologies help minimize errors and 
shorten production time, their associated costs are 
high.” (P17, Manager) 
“New technology adoption is challenging and often 
feels unnecessary, as our labour force is better suited to 
handle the operations.” (P29, Owner) 
“Advanced machinery requires workers to develop new 
skills and undergo additional training to adapt to 
updated processes.” (P19, Owner) 
“Buying advanced machinery is not simple for us as it 
takes a lot of time and formal approvals, especially 
since most of the high-tech equipment has to be 
imported from other countries.” (P28, Production Head) 
“Government schemes and incentives are attractive and 
could support technology adoption, but they involve 
oversight and formalities that we would rather avoid.” 
(P21, Owner) 
“Although the newer technologies are more efficient 
than older ones, we seldom feel compelled to adopt 
them, as the cost of machinery is almost comparable to 
what we spend on labour.” (P22, Manager) 
“New technologies don’t enter the textile sector very 
often, so we don’t really see much reason to invest 
heavily in research and development.” (P6, Owner) 

“Even though new technologies increase upfront costs, 
they generate sufficient returns over time to justify the 
investment.” (P8, Manager) 
“In our kind of work, the human touch really makes a 
difference in terms of precision and finish. That’s why 
we feel more comfortable relying on skilled workers 
instead of completely replacing them with machines.” 
(P11, Owner) 
 
5. Results and Discussion 
The results show that there is a strong, statistically 
significant correlation between Adoption Intensity (AI) 
and Enterprise Performance Outcomes (EPO), and that 
Technological Context (TC), Organisational Readiness 
(OR), and External Environment (EE) have a strong 
influence on AI. The results obtained through the mean 
values of 3.57 to 3.79 demonstrate that there is moderate 
concord among the respondents on the technological 
conditions, organisational preparedness, the 
environmental pressures, the level of adoption, and 
performance results. These findings indicate that textile 
companies are in the transition phase - they realise the 
need for technology upgrading but have not taken it to 
high levels. Univariate normality (normality tests, i.e., 
skewness and kurtosis values within the range of ±2) 
was confirmed, indicating that structural equation 
modelling could be used (Kline, 2011). The 
confirmatory factor analysis (CFA) was used to validate 
the measurement model. All factor loadings were above 
0.70, indicating the indicators' reliability. The 
Cronbach’s Alpha and composite reliability were found 
to be greater than 0.70, indicating the presence of 
internal consistency, and the average variance extracted 
(AVE) was greater than 0.50, indicating the presence of 
convergent validity. The Fornell-Larcker criterion was 
used to assess discriminant validity, which indicated the 
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strength of the measure based on the TOE. Model fit 
indices (χ²/df < 3; CFI and TLI > 0.90; RMSEA and 
SRMR < 0.08) did not suggest otherwise, therefore, 
confirming the robustness of the measurement 
framework. Structural analysis revealed a positive and 
significant impact of TC on AI (β = 0.273, p = 0.001), 
indicating that technological readiness and perceived 
benefits positively and significantly affect AI. OR 
turned out to be the most powerful predictor (β = 0.418, 
p < 0.001), indicating that the key influence on the 
intensity of adoption is dominated by financial capacity, 
managerial commitment, workforce competence, and 
organisational culture. EE also influences AI to a 
significant degree (β = 0.236, p < 0.001); however, the 
effect is relatively low, suggesting that policy incentives 
and competitive pressure are crucial, whereas internal 
preparedness is more decisive. Lastly, AI showed a 
positive influence on EPO with a significant value (β = 
0.547, p < 0.001). The companies that have a greater rate 
of adoption have recorded increased productivity, 
product quality, efficiency of delivery, and 
competitiveness. Finally, AI demonstrated a strong 
positive impact on EPO (β = 0.547, p < 0.001). Firms 
with higher adoption intensity reported improvements 
in productivity, product quality, delivery efficiency, and 
overall competitiveness. Altogether, the synthesized 
evidence has shown that the influence of organisational 
readiness is the most significant on the intensity of 
adoption in labour-intensive textile companies, and 
long-lasting gains in performance are provided by the 
enhancement in the inner potential and the outer support 
system. 
 
6. Theoretical and Practical Implications of the 
Study 
It is the study that provides theoretical and empirical 
information about the adoption of technology in the 
labour-intensive textile production. Theoretically, the 
research expands the Technology-Organisation-
Environment (TOE) model by proving that 
Organisational Readiness (OR) is the most significant 
predictor of Adoption Intensity (AI) when compared to 
the impact of Technological Context (TC) and External 
Environment (EE). The results highlight that internal 
resources such as financial resources, commitment by 
the managers, employee capabilities, and adaptable 
organisational culture are the underlying basis of 
adoption decisions. Furthermore, the study redefines the 
technological aspect by demonstrating how outdated 
capital base and routing operations hinder the process of 
upgrades and empirically proves that higher AI has 
better Enterprise Performance Outcomes (EPO). This 
contribution can be enriched with the qualitative 
evidence that shows the behavioural constraints, 
including, although not intimately represented in the 
conventional TOE structure, managerial conservatism, 
change resistance, and skill deficiencies, have a potent 
effect on adoption behaviour. These understandings 
clarify why change in terms of technology in traditional 
manufacturing environments is likely to be slow and 
cautious. Theoretically, the analysis has shown that 
monetary rewards cannot be used alone to ensure 

effective upgrading. Even with programmes like the 
TUFS and PLI assistance in providing monetary 
assistance, a sustainable adoption requires simultaneous 
investments in skills development, leadership 
orientation, and organisational restructuring. Planned 
training of workforce, collaborating with technical 
education, cluster-based skilling programs, and a 
regular check of technology are the fundamental steps. 
Also, administrative processes should be streamlined, 
and the institutional reach efforts should be increased to 
increase the effectiveness of the policy. Altogether, the 
fact that Adoption Intensity (AI) has a strong positive 
correlation with Enterprise Performance Outcomes 
(EPO) proves that technological upgrading is a 
mandatory requirement, not a rather optional upgrade. 
Integrated, multi-level strategy, strengthening the 
internal organisational strength, and policy-focused 
measures are essential to the rapid adoption and the 
maintenance of the competitiveness of the textile 
industry. 
 
7. Limitations and Future Research Directions 
The research offers an all-inclusive examination of 
technology adherence factors and performance at textile 
companies; some shortfalls put the research results into 
perspective. To begin with, the empirical domain is 
limited to textile MSMEs in Haryana. Even though the 
state is an important textile industry, localism can 
restrict the extrapolation to places with different 
industrial or institutional attributes. The study in the 
future can assume a multi-regional design in order to 
embrace the concept of heterogeneity in the region. 
Second, the model analyses on five constructs based on 
the TOE framework. Although qualitative knowledge 
has shown behavioral aspects, including managerial 
attitude and workforce inertia, these aspects were not 
formulated directly. These variables can have 
moderating or indirect effects, and they need to be 
included in the prospective research. Third, a cross-
sectional design does not allow tracking of 
technological transition with time, since adoption is 
evolutionary in nature. Longitudinal research would 
have provided a more in-depth picture of how 
companies advance in the degree of adoption and the 
results of performance consequent development. In 
spite of these, the research still offers solid empirical 
and conceptual support on the use of technology by the 
textile companies. This can be furthered in the research 
by future studies, the use of longitudinal designs, the 
incorporation of behavioral constructs, and a larger 
geographical scope. 
 
8. Conclusion 
This paper has investigated relations between 
Technological Context (TC), Organisational Readiness 
(OR), and External Environment (EE), and the relation 
between Adoption Intensity (AI) and Enterprise 
Performance Outcomes (EPO) in a labour-intensive 
textile industry. Based on the Technology-Organisation-
Environment (TOE) framework (Tornatzky and 
Fleischer, 1990), conceptually validated by the S-O-R 
model (Mehrabian and Russell, 1974), helped the 
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research to capture the dynamics of technological 
modernisation in textile MSMEs in a developing 
economy set up. Through Structural Equation 
Modelling (SEM) and qualitative interviews, the 
research revealed the importance of the intensity of 
adoption in ensuring high levels of firm performance, 
especially those of firms that are limited by 
technological obsolescence, limited automation, and 
firm rigidity. The findings suggest that all three TOE 
dimensions influence AI to a significant degree, though 
to different degrees. The most significant factor is 
Organisational Readiness (OR), which was better than 
technological and environmental factors. The financial 
resources, management dedication, labour strength, and 
favourable organisational culture that were assessed 
internally turned out to be key to the modernisation as 
far as the contemporary practices were concerned. 
Technological Context (TC) played a key role as well, 
with automation pressures and ageing capital stock 
making firms tend to upgrade. External Environment 
factors (EE) like incentives provided by the policy, 
market need, and competitive pressure had a positive 
effect, although it all depended on the ability of the firms 
to absorb the effects of the factors. These results confirm 
the applicability of the TOE model when explaining the 
adoption behaviour of a resource-limited and culture-
conservative manufacturing environment. The existing 
positive correlation between Adoption Intensity (AI) 
and Enterprise Performance Outcomes (EPO) points to 
the fact that active technological modernization is a key 
to competitiveness. Companies that use old machine 
equipment are inefficient and slow-paced in 
manufacturing, and those that are able to adopt modern 
technologies have improved responsiveness, quality, 
and market presence. The qualitative information 
mirrors the conflict between the customary labour-
dependence and the need for modernisation of a globally 
competitive textile sector. The paper demonstrates the 
importance of the coordinated actions of companies, 
industry associations, and government. It is essential to 
bridge the gap between policy design and 
implementation, simplify bureaucratic procedures, 
enhance financial and technical capabilities in the 
institution, and institutionalise the regular audit of 
technology. Smaller firms can also be further assured 
against risks of adoption of collaboration platforms and 
mechanisms through the sharing of resources. Since the 
textile industry is an important part of an economy, 
especially in India, the results have broad implications 
for industrial policy development. The study, in general, 
makes technological upgrading a strategic necessity and 
not a discretionary enhancement, and urges multi-level, 
multi-level intervention to provide sustainable 
competitiveness and a long-term resilience of the sector. 
 
References 
• Ahmad, S.; Miskon, S.; Alabdan, R.; Tlili, I. 

Exploration of Influential Determinants for the 
Adoption of Business Intelligence System in the 
Textile and Apparel 

Industry. Sustainability 2020, 12, 7674. 
https://doi.org/10.3390/su12187674 

• Anderson, J. and Gerbing, D. (1988). Structural 
Equation Modeling in Practice: A Review and 
Recommended Two-Step Approach. Psychological 
Bulletin, 103, 411-423. 
http://dx.doi.org/10.1037/0033-2909.103.3.411 

• Ates, A., & Acur, N. (2022). Making obsolescence 
obsolete: Execution of digital transformation in a 
high-tech manufacturing SME. Journal of Business 
Research, 152, 336–348. 
https://doi.org/10.1016/j.jbusres.2022.07.052 

• Amankwah-Amoah, J. (2017). Integrated vs. add-
on: A multidimensional framework of technological 
innovation in an emerging economy. Technological 
Forecasting and Social Change, 128, 235–245. 
https://doi.org/10.1016/j.techfore.2017.02.027 

• Baker, J. (2012). The Technology–Organization–
Environment Framework. In: Dwivedi, Y., Wade, 
M., Schneberger, S. (eds) Information Systems 
Theory. Integrated Series in Information Systems, 
vol 28. Springer, New York, NY. 
https://doi.org/10.1007/978-1-4419-6108-2_12 

• Bhatia, M. S., & Kumar, S. (2023). An empirical 
analysis of critical factors of Industry 4.0: A 
contingency theory perspective. International 
Journal of Technology Management, 91(1/2), 82–
106. https://doi.org/10.1504/IJTM.2023.127865 

• Bhawariya, A. (2025). Indian textile industry an 
environment hazard: A review. International Journal 
of Advanced Research in Engineering and 
Technology (IJARET), 16(3), 38–44. 
https://doi.org/10.34218/IJARET_16_03_003 

• Birajdar, D., & Vasudevan, H. (2022). Critical 
success factors for Industry 4.0 readiness and 
adoption: A conceptual framework for Indian 
manufacturing industries. In R. M. Singari & P. K. 
Kankar (Eds.), Advances in Transdisciplinary 
Engineering, IOS Press. 
https://doi.org/10.3233/ATDE220743 

• Bollen, K. A. (1989). Structural equations with 
latent variables. John Wiley & Sons. 

• Butollo, F., Gereffi, G., Yang, C., & Krzywdzinski, 
M. (2022). Digital transformation and value chains: 
Introduction. Global Networks, 22(4), 585-594. 
https://doi.org/10.1111/glob.12388 

• Cochran, W. G. (1963). The Behrens-Fisher test 
when the range of the unknown variance ratio is 
restricted. Sankhyā: The Indian Journal of Statistics, 
Series A, 353-362. 

• Cotrino, A., Sebastián, M. A., & González-Gaya, C. 
(2020). Industry 4.0 Roadmap: Implementation for 
Small and Medium-Sized Enterprises. Applied 
Sciences, 10(23), 8566. 
https://doi.org/10.3390/app10238566 

• Chaudhary S, Kumar P, Johri P. Maximizing 
performance of apparel manufacturing industry 
through CAD adoption. International Journal of 
Engineering Business Management. 2020;12. 
doi:10.1177/1847979020975528 



Vulnerability among Textile MSMEs in Haryana: The Impact of Technological Constraints on Performance 
 

IJDDT, Volume 16 Issue 41s, 2026 Page 871 
 

• Chen, G., & Chen, F. (2024). Changes in 
technological innovation efficiency and influencing 
factors of listed textile and apparel companies: 
Based on three-stage DEA with Tobit modelling. 
PLoS ONE, 19(8), e0307820. 
https://doi.org/10.1371/journal.pone.0307820 

• Chiarini, A. (2021). Industry 4.0 technologies in the 
manufacturing sector: Are we sure they are all 
relevant for environmental performance? Business 
Strategy and the Environment, 30(7), 3194–3207. 
https://doi.org/10.1002/bse.2797 

• Chourasiya, R., & Malviya, R. K. (2025). Factors 
influencing technology adoption for sustainability in 
manufacturing firms: An empirical analysis and 
literature review. Sustainable Development, 33(5), 
6734-6757. https://doi.org/10.1002/sd.3482 

• Chourasiya R, Pandey S (2025), "Breathing new 
life: exploring the cutting edge of technology 
adoption in the textile industry". Research Journal of 
Textile and Apparel, Vol. 29 No. 4 pp. 721–737, 
doi: https://doi.org/10.1108/RJTA-03-2024-0043 

• Devellis, R. (2012). Scale Development Theory and 
Applications. Sage Publications, New York. 

• Doran, N. M., Badareu, G., & Puiu, S. (2025). 
Automation Systems Implications on Economic 
Performance of Industrial Sectors in Selected 
European Union Countries. Systems, 13(1), 26. 
https://doi.org/10.3390/systems13010026 

• Fatorachian, H., & Kazemi, H. (2018). A critical 
investigation of Industry 4.0 in manufacturing: 
theoretical operationalisation 
framework. Production Planning & Control, 29(8), 
633–644. 
https://doi.org/10.1080/09537287.2018.1424960 

• Fornell, C., & Larcker, D. F. (1981). Evaluating 
structural equation models with unobservable 
variables and measurement error. Journal of 
Marketing Research, 18(1), 39-50. 

• Ghobakhloo M, Iranmanesh M, Vilkas 
M, Grybauskas A, Amran A (2022), "Drivers and 
barriers of Industry 4.0 technology adoption among 
manufacturing SMEs: a systematic review and 
transformation roadmap". Journal of Manufacturing 
Technology Management, Vol. 33 No. 6 pp. 1029–
1058, doi: https://doi.org/10.1108/JMTM-12-2021-
0505 

• Government of India. (2025). Export Annual Report. 
Ministry of Textiles. Retrieved from 
https://www.texmin.gov.in/sites/default/files/Export
%20Annual%20Report.pdf 

• Government of India. (2025). India is the sixth-
largest exporter of textiles and apparel: Economic 
Survey. Ministry of Textiles. Delhi: Press 
Information Bureau. Retrieved from 
https://www.pib.gov.in/PressReleasePage.aspx?PRI
D=2098770#:~:text=employment%20generators%2
C%20with%20over%2045,clusters%20in%20the%
20country 

• Government of India. (2025). Threads of Progress – 
How Make in India is Shaping the Future of Textiles 
and Apparel Industry. Ministry of Commerce & 

Industry. Delhi: Press Information Bureau. 
Retrieved from 
https://www.pib.gov.in/PressReleasePage.aspx?PRI
D=2117470 

• Goyal J, Singh R, Kaur H, Singh K (2018), "Intra-
industry efficiency analysis of Indian textile 
industry: a meta-frontier DEA 
approach". International Journal of Law and 
Management, Vol. 60 No. 6 pp. 1448–1469, 
doi: https://doi.org/10.1108/IJLMA-05-2017-0108 

• Habib, M. M., Sabah, S., Chowdhury, F., Raisa, R., 
& Shuvo, T. F. (2024). Technology Enabled Ready-
Made Garments Supply Chain Management: a 
Literature Review. Revista De Gestão - 
RGSA, 18(10), e08842. 
https://doi.org/10.24857/rgsa.v18n10-188 

• Hair, J.F., Risher, J.J., Sarstedt, M., and Ringle, 
C.M. (2019). When to Use and How to Report the 
Results of PLS-SEM. European Business Review, 
31, 2-24. https://doi.org/10.1108/EBR-11-2018-
0203 

• Henseler, J., Ringle, C. M., & Sarstedt, M. (2016). 
Testing measurement invariance of composites 
using partial least squares. International marketing 
review, 33(3), 405-431. 

• Hoque MA, Rasiah R, Furuoka F, Kumar S (2023), 
"Critical determinants and firm performance of 
sustainable technology adoption in the apparel 
industry: the stakeholder approach". Journal of 
Fashion Marketing and Management: An 
International Journal, Vol. 27 No. 1 pp. 182–200, 
doi: https://doi.org/10.1108/JFMM-06-2021-0147 

• Hossain, M. I. (2022). Nexus of stakeholder 
integration, green investment, and environmental 
sustainability practices: Evidence from Bangladesh 
textile SMEs. Pertanika Journal of Social Sciences 
& Humanities, 30(2). 
https://doi.org/10.47836/pjssh.30.2.x 

• Hossain, M. T., Shahid, M. A., Limon, M. G., 
Hossain, I., & Mahmud, N. (2024). Techniques, 
applications, and challenges in textiles for a 
sustainable future. Journal of Open Innovation: 
Technology, Market, and Complexity, 10(1), 
100230. 
https://doi.org/10.1016/j.joitmc.2024.100230 

• Hu, L., & Bentler, P. M. (1999). Cutoff criteria for 
fit indexes in covariance structure analysis: 
Conventional criteria versus new alternatives. 
Structural Equation Modeling: A Multidisciplinary 
Journal, 6(1), 1–55. 
https://doi.org/10.1080/10705519909540118 

• Huang, J., Yusof, R. N. R., Abd Rahman, A., & Ab 
Rahman, R. (2025). Determinants of digital 
technology adoption and its impact on firm 
performance in manufacturing firms. Journal of 
Manufacturing Technology Management, 36(5), 
1003–1027. https://doi.org/10.1108/JMTM-08-
2024-0475 

• Hwang, WS., Kim, HS. Does the adoption of 
emerging technologies improve technical 
efficiency? Evidence from Korean manufacturing 



Vulnerability among Textile MSMEs in Haryana: The Impact of Technological Constraints on Performance 
 

IJDDT, Volume 16 Issue 41s, 2026 Page 872 
 

SMEs. Small Bus Econ 59, 627–643 (2022). 
https://doi.org/10.1007/s11187-021-00554-w 

• Ishmael, N., Fernando, A., Andrew, S., & Waterton 
Taylor, L. (2017). Textile technologies for the 
manufacture of three-dimensional textile preforms. 
Research Journal of Textile and Apparel, 21(4), 342–
362. https://doi.org/10.1108/RJTA-06-2017-0034 

• Iyer, A. (2018). Moving from Industry 2.0 to 
Industry 4.0: A case study from India on 
leapfrogging in smart manufacturing. Procedia 
Manufacturing, 21, 663–670. 
https://doi.org/10.1016/J.PROMFG.2018.02.169 

• Jahan, S. M., Khan, T. A., Asgar, A., Biswas, N. A., 
& Zaman, K. A. U. (2022). Apparel 4.0: A review of 
the apparel industry’s adoption of frontier 
technologies. European Journal of Business and 
Management, 14(22), 1-12. 
https://iiste.org/Journals/index.php/EJBM/article/vi
ew/59892/61826 

• Jamil, K., Zhang, W., Anwar, A., & Mustafa, S. 
(2025). Exploring the influence of AI adoption and 
technological readiness on sustainable performance 
in Pakistani export-sector manufacturing small and 
medium-sized enterprises. Sustainability, 17(8), 
3599. https://doi.org/10.3390/su17083599 

• Jariwala, G., Krishna, H., Biswas, D., & Manju, S. 
K. (2025). Transforming the textile industry: A study 
on sustainable manufacturing and innovation. 
International Journal on Science & Technology 
(IJSAT), 16(2). 
https://doi.org/10.71097/IJSAT.v16.i2.4400 

• Kanupriya. (2020). Digitalization and the Indian 
Textiles Sector: A Critical Analysis. FIIB Business 
Review, 10(3), 196-
201. https://doi.org/10.1177/2319714520961861 (O
riginal work published 2021) 

• Kaur, G., Dey, B. K., Pandey, P., Majumder, A., & 
Gupta, S. (2024). A Smart Manufacturing Process 
for Textile Industry Automation under 
Uncertainties. Processes, 12(4), 778. 
https://doi.org/10.3390/pr12040778 

• Khin S, Kee DMH (2022), "Factors influencing 
Industry 4.0 adoption". Journal of Manufacturing 
Technology Management, Vol. 33 No. 3 pp. 448–
467, doi: https://doi.org/10.1108/JMTM-03-2021-
0111 

• Kline, R. B. (2011). Convergence of Structural 
Equation Modeling and Multilevel Modeling. In M. 
Williams & W. Paul Vogt (Ed.), The SAGE 
Handbook of Innovation in Social Research 
Methods (pp. 562-589). SAGE Publications Ltd. 

• Kothari, C. R. (2004). Research methodology: 
Methods and techniques. New Age International. 

• Lawshe, C. H. (1975). A quantitative approach to 
content validity. Personnel Psychology, 28(4), 563–
575. https://doi.org/10.1111/j.1744-
6570.1975.tb01393.x 

• Likert, R. (1932). A technique for the measurement 
of attitudes. Archives of Psychology, 22(140), 1–55. 

• Lopera, O.L.L., Velez-Ocampo, J. (2021). 
Automation Adoption in the Textile Industry of an 

Emerging Economy. In: Park, S.H., Gonzalez-Perez, 
M.A., Floriani, D.E. (eds) The Palgrave Handbook 
of Corporate Sustainability in the Digital Era. 
Palgrave Macmillan, Cham. 
https://doi.org/10.1007/978-3-030-42412-1_3 

• Mahmood, A., Habib, M. A., Ahmad, M., & Baig, S. 
A. (2025). Assessing Industry 4.0 readiness and 
adoption barriers in the textile sector: Strategic 
insights for sustainable industrial transformation. 
IEEE Access, 13, 122698-122725. 
https://doi.org/10.1109/ACCESS.2025.3586326 

• Mankirat. (2024). Efficiency and Effectiveness of 
Indian Textile Industry: An Interstate Network DEA 
Analysis. International Journal of Social Science 
and Economic Research, 09(05), 1356–1373. 
https://doi.org/10.46609/ijsser.2024.v09i05.001 

• Marzi, G., Ciampi, F., Dalli, D., & Papa, A. (2018). 
Additive manufacturing in SMEs: Empirical 
evidences from Italy. International Journal of 
Innovation and Technology Management, 15(03), 
1850007. 
https://doi.org/10.1142/S0219877018500074 

• Mehrabian, A. and Russell, J.A. (1974) An 
Approach to Environmental Psychology. The MIT 
Press, Cambridge. 

• Mim, I. Z., Rayhan, M. G. S., & Syduzzaman, M. 
(2024). Prospects and current scenario of Industry 
4.0 in Bangladeshi textile and apparel industry. 
Heliyon, 10, e32044. 
https://doi.org/10.1016/j.heliyon.2024.e32044 

• Moeuf, A., Pellerin, R., Lamouri, S., Tamayo-
Giraldo, S., & Barbaray, R. (2018). The industrial 
management of SMEs in the era of Industry 
4.0. International Journal of Production 
Research, 56(3), 1118–1136. 
https://doi.org/10.1080/00207543.2017.1372647 

• Nunnally, J. C. (1978). An overview of 
psychological measurement. Clinical diagnosis of 
mental disorders: A handbook, 97-146. 

• Oliveira Neto, G. C. d., Pinto, L. F. R., de Silva, D., 
Rodrigues, F. L., Flausino, F. R., & Oliveira, D. E. P. 
d. (2023). Industry 4.0 Technologies Promote 
Micro-Level Circular Economy but Neglect Strong 
Sustainability in Textile 
Industry. Sustainability, 15(14), 11076. 
https://doi.org/10.3390/su151411076 

• Pu, J., & (co-authors) (2023). Textile electronics for 
wearable applications. International Journal of 
Extreme Manufacturing, 5(4), Article 2007. 
https://doi.org/10.1088/2631-7990/ace66a 

• R, K., & G, S. (2025). A Certain Investigation on 
Impacting Factors on A Textile Manufacturing 
Automation Using Industry 4.0 and Information 
Technologies. International Journal of Basic and 
Applied Sciences, 14(4), 67-
74. https://doi.org/10.14419/yd1wab98 

• Rai, R., Tiwari, M. K., Ivanov, D., & Dolgui, A. 
(2021). Machine learning in manufacturing and 
Industry 4.0 applications. International Journal of 
Production Research, 59(16), 4773–4778. 
https://doi.org/10.1080/00207543.2021.1956675 



Vulnerability among Textile MSMEs in Haryana: The Impact of Technological Constraints on Performance 
 

IJDDT, Volume 16 Issue 41s, 2026 Page 873 
 

• Rana, S., Singh, J., Mishra, V., Khan, S., Quttainah, 
M., & Prashar, S. (2024). How digital 
transformation impact firm performance? The 
unmet needs of Indian exporting firms. Journal of 
Strategic Marketing, 32(8), 1317–1335. 
https://doi.org/10.1080/0965254X.2024.2318216 

• Roman, A., & Rusu, V. D. (2022). Digital 
technologies and the performance of small and 
medium enterprises. Studies in Business and 
Economics, 17(3), 190–203. 
https://doi.org/10.2478/sbe-2022-0055 

• Saha, K., Dey, P., & Papadopoulou, E.-M. (2021). 
Implementing Circular Economy in the Textile and 
Clothing Industry. Business Strategy and the 
Environment, 30(4), 1497-1530. 
https://doi.org/10.1002/bse.2670 

• Shah, S., Madni, S. H. H., Hashim, S. Z. B. M., Ali, 
J., & Faheem, M. (2024). Factors influencing the 
adoption of Industrial Internet of Things for the 
manufacturing and production small and medium 
enterprises in developing countries. IET 
Collaborative Intelligent Manufacturing, 6(1), 
Article e12093. https://doi.org/10.1049/cim2.12093 

• Sierra-Fontalvo, L., Gonzalez-Quiroga, A., & Mesa, 
J. A. (2023). A deep dive into addressing 
obsolescence in product design: A review. Heliyon, 
9(2023), e21856. 
https://doi.org/10.1016/j.heliyon.2023.e21856 

• Singh, A. (2025). How mobility through 
digitalization in supply chain is changing the 
dynamics of business: A case study of the textile 
industry. International Journal of Scientific Research 
in Engineering and Management (IJSREM). 
Retrieved from https://ijsrem.com/download/how-
mobility-through-digitalization-in-supply-chain-is-
changing-the-dynamics-of-business-a-case-study-
of-the-textile-industry/ 

• Solichin, J., Tri Yuwono, V. N., & Supriyono, E. 
(2025). Effect of strategic agility, innovation 
capability, and technology adoption on firm 
performance through supply chain integration: A 
study in Indonesia’s textile industry [Article 9]. 
Uncertain Supply Chain Management, 14, 95-106. 
https://doi.org/10.2478/sbe-2022-0055 

• Susana Bernardino, José Freitas Santos, Margarida 
Silva. (2025). Sustainable Processes and Planned 
Obsolescence in the Textile and Clothing Sector in 
Portugal. Sustainable Processes Connect, 1 (Article 
ID: 0002). 
https://doi.org/10.69709/SusProc.2025.138448 

• Susanty, A., Puspitasari, N. B., Siahaan, G. S., 
Setiawan, S., & Syafrudin, M. (2025). Factors 
influencing the intention of textile and garment 
SMEs to adopt digital technologies and its impact on 
performance. Scientific Reports, 15, 20807. 
https://doi.org/10.1038/s41598-025-94625-7 

• Tao, F., Anwer, N., Liu, A., Wang, L., Nee, A. Y. C., 
Li, L., & Zhang, M. (2021). Digital twin towards 
smart manufacturing and Industry 4.0. Journal of 
Manufacturing Systems, 58, 1-2. 
https://doi.org/10.1016/j.jmsy.2020.12.00 

• Tornatzky, L.G. and Fleischer, M. (1990) The 
Processes of Technological Innovation. Lexington 
Books, Lexington. 

• Vijayan, G., Kamarulzaman, N. H., Mukherjee, A., 
& Vaiappuri, S. K. N. (2016). Strategic Value 
Creation in a Supply Chain (pp. 186–204). IGI 
Global. https://doi.org/10.4018/978-1-4666-9639-
6.CH011 

• Zhang, L., Leung, M.Y., Boriskina, S. et 
al. Advancing life cycle sustainability of textiles 
through technological innovations. Nat Sustain 6, 
243–253 (2023). https://doi.org/10.1038/s41893-
022-01004-5 

 
 


