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ABSTRACT

This researcher aimed to identify the relationship between lean production, modern
technology, technology integration, and supply chain performance. A quantitative approach
was adopted for this study with a multi-item measurement scale adapted from previous studies
to collect primary data—a total of 100 responses were collected. Descriptive analysis, along
with the correlation examination, was utilized to test the hypothesis. It was observed that
hypotheses H1 and H2 were supported, whereas hypothesis H3 was rejected. The findings
from the analysis identified that there is a significant relationship between lean manufacturing
on the performance of the supply chain in the fertilizer industry. It is found that lean
manufacturing can efficiently overcome supply chain challenges and improve efficiency,
leading to improved overall performance. Further, the technology integration in SCM
processes must be studied and analyzed. The businesses are recommended to develop further
strategies to integrate technology into the SCM process and improve productivity and
performance.
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Lean Manufacturing and Supply Chain Performance

1. Introduction

The activities involved in the supply chain of any business depend on the nature of products
and services offered to customers. The strength of supply chain management is essential to be noticed
and encouraged by the company to achieve the goal of competitive advantage in the intense market
(Singh et al., 2019). The importance of supply chain management in a fertilizer company is high due to
its operations of production to distribution of products (Baloch & Rashid, 2022). The use of natural
resources, including gas, is high in the production function of a fertilizer company. The requirement to
strengthen the supply chain in this type of company is essential to reduce the abundant use of natural
resources. Waste reduction is mandatory to overcome environmental challenges, as it is the implied
responsibility of a company. The protection of the environment is also included in the sustainable
objectives of a fertilizer company (Singh et al., 2019). Lean production is the best way to strengthen the
supply chain so that unnecessary or waste material can be omitted from it. The lean production process
is essential in the fertilizer business as it eliminates the activities that do not add value to the products
(Abisourour et al., 2020; Shaheen, 2022). In other words, lean production enables the company to
increase its production rather than produce waste. The developments in science and technology have
enabled fertilizer companies to strengthen their business operations by ensuring effectiveness in their
supply chain (Agrawal et al., 2017; Alam, 2022). The use of advanced technological products is
mandatory to reduce waste, which is vital for the sustainability objective of a company. The adoption
and implementation of advanced technologies have enabled companies to reduce the time and cost of
their operations (Smith et al., 2018; Asif, 2022;). Lean production also an essential role in managing
the supply chain management of fertilizer companies as it enables a company to reduce the waste from
the whole supply chain process (Avadi et al., 2021; Uddin, 2022). The integration of technologies in
the existing supply chain process, along with the factor of lean production, is a critical task that requires
the expertise and experience of the organizational leaders. The entire supply chain process requires the
leaders' extraordinary attention to minimize the risk of loss.

In the initial stages of globalization, businesses opted for foreign direct investments seeking
low-cost manufacturing or production. The researchers have helped to highlight that most cases
witnessed disappointments in terms of low quality, issues with sustainability, and productivity
challenges. To overcome the challenges and issues, the emergence of lean production is considered to
help globalized businesses and local businesses to improve the supply chain and production matters
(Mefford, 2010; Ayaz, 2022). The essentiality and importance of lean production and modern
technologies can be seen in many studies (Abisourour et al., 2020; Anwar, 2022). The need is to prepare
relevant strategies that can improve the fertilizer companies' existing supply chain (Smith et al., 2018;
Amjad, 2022;). The research is required to review and analyze the critical factors for bringing the
improvements (Baloch & Rashid, 2022). However, the main requirement is to prepare an exploratory
study while discussing the impact of moving towards lean production with the support of modern
technologies. Comprehensive research is required on this problem or issue to recommend specific
changes in the supply chain process. The research is considered to benefit in developing a significant
understanding of the subject with relevance to the fertilizer industry in Pakistan. This researcher aimed
to identify the relationship between lean production, modern technology, technology integration, and
supply chain performance.
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2. Literature Review
2.1 Lean Manufacturing and SC Performance

Researchers have focused on determining the relevance and significance of lean production in
the current competitive business environment and on the extent to which the application of lean
production can benefit to achieve efficiency in the Supply Chain practices of a business. The findings
of the research by Agus and Hajinoor (2012) help to identify a positive relationship between the
application of lean production, the performance of businesses, and the quality of products. The time
required to adopt and implement lean manufacturing is considered to significantly impact the
relationship between the mentioned aspects/ elements of the businesses. Also, the researchers share that
to enhance performance, the efficiency of lean production is required (Agus & Hajinoor, 2012;
Muzammil, 2022). Research studies also help identify that the application of lean-based supplier
integration can be critical for improvements in competitiveness, profitability, and enhancing customer
satisfaction (Basit, 2022; Huq et al., 2016). The step towards offshoring of production to avail cost
benefits has shown an increasing trend in the global market. An offshore decision's outcomes are
majorly disappointing regarding sustainability, quality of products and services, and production
inefficiencies (Jorgensen & Knudsen, 2006). The businesses are focused on making strategic
developments and decisions to ensure that significant challenges can be overcome and enhance their
brand reputation and performance. Implementing lean production is also a significant step towards
prosperity as businesses can effectively maintain the supply chain processes. Implementing lean
manufacturing and supply chain processes is also found to reach sustainable and economic performance
benchmarks (Mefford, 2010).

2.2 Modern Technology, Technology Integration, and SC Performance

The role of supply chain management as a competitive benefit and production improvement
has long been discussed. The businesses consider effective management of supply chain management
as a strategic initiative that is found to have a significant positive impact on operational performance
and profitability. The adoption of strategic and technological to efficiently manage the supply chain is
long discussed and is found to be positively correlated (Rashid & Rasheed, 2022). Businesses in the
current times are focused on maintaining effective, collaborative, technologically improved, and more
innovative relationships with suppliers. The relationship and working have helped businesses improve
SCM's scope, leading to the integration of suppliers and the business. The role of technological
advancement is more strategic and has shifted from being passive and general to a more controlling and
monitoring process. The application of technologies has helped to assess the overall processes and can
be considered beneficial to identify and highlight the activities that are efficient and others that require
improvements. In recent times, the most applicable and known benefit of technology in the supply chain
is that it offers timely, reliable information, accurate results, and more efficient integration of the
processes (Gunasekaran et al., 2001). Literature analysis helps to extract that adoption of information
systems and supply chain management are majorly interlinked and merged with the latest technologies.
The findings help to extract the viewpoint that both the performance and sustainability of the processes
are improved (Shee et al., 2018; Hunaid et al., 2022). The recent application of cloud-based technology
to the supply chain affects the SCI and positively adds to sustainable performance. The outcomes of the
research help to identify that the top management has a significant role in understanding and putting
their efforts into the proper execution of the plans to adopt technology; furthermore, their role is
essential in integrating the supplier, as well as inter-organizational supply chain processes to avail better
outcomes. The role of adequate supply and demand synchronization through inventory replenishment
is a significant step toward improvements (Coyle et al., 2016; Victory et al., 2022). The researchers
Coyle et al. (2016) proclaim that the advancement in technology and its efficient adoption is considered
to improve the global supply chain management challenges for customer demands and needs.
Researchers help to highlight the effectiveness of adopting technology and supply; chain improvements
are not majorly discussed in the literature. The researchers state that e-Business technologies can benefit
the overall performance of businesses with effective management of customer relationships, supply
chain, and supplier integration (Ali, 2022; Devaraj et al., 2007; Rasheed, 2022).
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The detailed assessment of the literature helps to extract helpful information related to the
subject. Lean management practices are effective for businesses to maintain a better supply chain image
and operational efficiency. Based on the literature, it is also identified that supply chain management
practices and their investigation specifically for the fertilizer industry in Pakistan are not evident, which
leads to highlighting a research gap. It is also identified that technological advancements and their
integration within the processes are found to be most critical for firstly, improving the supply chain
practices and providing the opportunity to businesses to effectively manage the control and maintenance
of the activities. The research also reveals that a literature gap is evident since no specific research
studies deal with innovations and their relevance to the fertilizer industry in improving supply chain
aspects. The research framework is highlighted and extracted from the literature findings/ gaps and is
beneficial to understanding the overall pathway for carrying out the research. Therefore, the following
hypotheses were developed to address the research objectives:

H1: There is a significant relationship between lean manufacturing and supply chain
performance.

H2: There is a significant relationship between modern technologies and supply chain
performance.

H3: There is a significant relationship between technology integration and supply chain
performance.

3. Research Methods

Two main types of approaches, deductive and inductive, have distinct characteristics. Under the
inductive approach, a new theory is proposed based on observations for a specific purpose (Rashid et al.,
2021; Hashmi et al., 2021). At the same time, the deductive approach involves testing theories presented
by different authors (Khan et al., 2022a, b; Agha et al., 2021; Haque et al., 2021; Khan et al., 2021). The
selected approach for the current study is deductive based on hypothesis testing. The approach has helped
in preparing the design of this comprehensive study. Research may be quantitative, qualitative, or mixed,
depending on the objectives and research questions. Under the quantitative study, there is an involvement
of numeric data to present the outcomes effectively (Hashmi et al., 2020c). The options are provided to
participants to select the most appropriate one according to their knowledge and experience. The data
transformation is the main benefit of a quantitative study to achieve the outcomes without having
complexities. On the other hand, qualitative research is based on opinion in a narrative form while
collecting responses. The population decided for the current study are managers working in fertilizers
companies located in Karachi. The rationale for selecting this population is that they can provide
relevant and reliable information regarding the impact of lean production and the use of advanced
technology in the existing supply chain. The sample size finalized for the current study is 100 to ensure
the reliability and acceptability of the current research. The rationale for selecting 100 participants for
the current study is that it is quantitative research, which contains outcomes in numbers. The sample
size helps test the hypothesis and achieve the objective of the current research. Random sampling is
used to collect information from managers in the Karachi fertilizers companies (Hashmi et al., 2020a;
Alrazehi et al., 2021; Das et al., 2021). The main benefit of this sampling technique is that it reduces
the time and cost of the author finding relevant participants (Hashmi et al., 2020b; Rashid et al., 2020).

The data collection process is critical in exploratory research as the conclusions will be based
on the gathered information. It has been decided that the author will use a survey questionnaire to gather
the information for this comprehensive study (Hashmi & Mohd, 2020; Rashid et al., 2021). The
collected information was evaluated in SPSS for testing the impact of variables. The first step was to
check whether the data was reliable or not (Agha et al., 2021; Haque et al., 2021; Khan et al., 2021).
The value of the reliability test was more than 0.7, indicating that the data is reliable and can be used.
Descriptive testing is carried out by finding the data's mean, median, and mode. The correlation analysis
was also used to determine the relationship between independent variables and dependent variables
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(Rashid, 2016; Rashid & Amirah, 2017; Rashid et al., 2019).
4. Data Analysis

For gender, the results showed that male participants were significantly higher than female
participants. The values help to determine that 91 (out of 100) male participants participated in the
survey questionnaire, whereas nine female respondents participated. It shows that the management of
fertilizer businesses comprises male domination. The values predict that majority of the respondents
were aged between 31 to 40 years (a total of 54 participants), 23 with aged 20 to 30 years, 20 participants
with age between 41 to 50 years, and finally, 3 participants aged above 50 years (51 to 60 years). The
responses help identify a significant contribution from mature individuals, and the experience of the
individuals is expressed in the table below. The participants' educational background is essential to
identify the capability of the participants to answer the questions effectively. Seventy participants had
bachelor’s degrees, 24 with master's level education, and 6 completed their postgraduate degrees. The
results help to identify that most bachelor's level education holders are part of the fertilizer business's
management, followed by Masters’ and Postgraduate degree holders.

The reliability statistics are carried out, which helped to provide detail and justification on the
consistency, validity, and reliability of the responses to the questionnaire. The results from the
“reliability statistics” identified the value of Cronbach’s Alpha as more significant than 0.70 (0.772)
(Khan et al., 2022c). Further, the correlation analysis results were utilized to identify the relationship
between a dependent variable and all other independent variables. The results found a significant and
weak to strong relationship between the variables (Pearson Correlation value of 0.010 to 0.738 with
significance values less than 0.05 for all except one item (LP5=0.920 insignificant value). Additionally,
the in-depth analysis of the relationship helps to extract that modern technology has a strong relationship
with SCM (Pearson Correlation value of 0.738 at a significance value of .000). It reflects the increase
in the adoption of modern technologies leading to improvements in SCM by 73.8%. Also, the moderate
relationship between technology integration and SCM is identified (Pearson Correlation value of 0.575
with significance values of .000). It can be reflected/interpreted that the increase in technology
integration by businesses is expected to increase SC performance by 57.5%. The application of
technology integration by the industry at large is found to have a significant moderate relationship with
SC performance (Pearson Correlation value of 0.425 with a significance value of 0.000). It can be stated
from the results that the increase in industry-level adoption of technology can provide increased
performance for SC performance by 42.5%. Finally, lean production by businesses is found to have a
significant and weak to moderate impact on SC performance (Pearson Correlation value of 0.010 to
0.686 with a Significance value less than 0.05 for all except (0.920). From the results, it can be
interpreted that the increase in lean production by businesses can improve SC performance.

5. Discussion and Conclusion

The findings from the analysis identified that there is a significant relationship between lean
manufacturing on the performance of the supply chain in the fertilizer industry. The literature suggests
that lean production in businesses can efficiently overcome supply chain challenges and improve
efficiency, which leads to improved overall performance (Singh et al., 2019; Abisourour et al., 2020).
Agrawal et al. (2017) added that there is a significant possibility for businesses to improve productivity
and enhance the overall efficiency of their business operations. On the other hand, the results from the
literature state that the effective adoption of lean production with a focus on modern technologies can
help to improve the overall firm performance (Abisourour et al., 2020). Furthermore, technological
advancements in supply chain management can help businesses outperform (Gunasekaran et al., 2004).
The findings from the current research suggest that adopting modern technology does not have any
significant and positive impact on the overall performance of SCM. Therefore, it is stated that firms in
the fertilizer and other industries must possibly initiate strategies adoption of modern technologies in a
better way to enhance operational and financial benefits as found in the literature. The results indicate an
insignificant impact of technology integration on supply chain performance. The findings contradict Huq
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et al. (2016), which suggested that supplier-related operations can be improved through integrating
technologies and efficiency, competitiveness, and profitability can be enhanced in the short and long run.

It is recommended for businesses to enhance efficiency through the application/adoption of
modern technologies and lean production. The results can be further improved for companies if the
efficiency level can be enhanced. The technology integration in SCM processes is required to be further
studied and analyzed. The businesses are recommended to develop further strategies to integrate
technology into the SCM process and improve productivity and performance.
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