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Abstract

In recent years, the logistics industry has seen a rise in the
incorporation of AMRs to optimize operations. It has become
increasingly helpful and promising because of its capacity to travel in an
environment without the assistance of mechanical or electrical guiding
devices. The purpose of this research study is to investigate how AMRs
are being used in Malaysia's logistics industry. The objective is to
identify the drivers, problems, and future trends of AMRs in this Sector.
The study collects and analyzes data using a mixed-methods approach,
including STEEPV analysis and questionnaires. This research aims to
help AMRs gain acceptance and be successfully implemented in
Malaysia's logistics sector by achieving its objectives. This research
entails a comprehensive examination of the factors influencing the
adoption of AMRs in the logistics sector, employing the STEEPV analysis
framework. Subsequently, this research used SPSS analysis to present
the outcomes of AMRs issues and drivers within the logistics sector. The
target respondents were selected are the managers of freight
forwarders logistics company in Johor. 170 questionnaires were
distributed via Gmail, yielding a 45.88% survey return rate, and
identified 'Risk and safety’ and 'Labour Cost' as the top two drivers.
Furthermore, scenario analysis was conducted based on these drivers,
yielding four potential future outcomes from 2023 to 2033. This study
aims to enhance awareness among future researchers and stakeholders
regarding AMR adoption in the logistics industry, with in-depth findings
discussed in subsequent sections..

1. Introduction

The foresight research on AMRs for the logistics industry in Malaysia summarizes in the first section of this
chapter. The study found that using AMRs boosts productivity and offers the logistics sector several advantages.
In this study, the researcher looks at the drivers, problems, and potential uses of AMRs in Malaysia's logistics
industry as well as the likely trajectory of their adoption in the future. Additionally, this study intends to identify
STEEPV elements that affect AMRs for the Malaysian logistics sector to analyze its main drivers. Thus, the goal of
this study will be to ensure that Malaysia's logistics industry can completely accept the future trends of AMRs.

1.1 Research Background

The logistics industry is increasingly integrating autonomous mobile robots (AMRs) in an effort to optimize
operations (Ben et al, 2018). AMRs promote corporate efficiency by using robots and artificial intelligence to
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improve logistical and supply chain processes (Ben et al,, 2018). AMRs provide for material transportation and
inventory management, enabling for the optimization of human resources and participation in value-added
activities (Fragapane et al., 2021). AMRs easily handle complicated logistical environments thanks to their
autonomous route selection, revolutionizing the sector to satisfy consumer needs and guaranteeing on-time
delivery (FLEXQUBE, 2022).

By 2027, the worldwide AMR market is anticipated to have grown at a compound yearly growth rate of
16.8%, valued at $34.65 billion (Allied Market Research, 2020). The inclusion of cutting-edge technology in
these devices is what is driving the use of AMRs in logistics. The extensive integration of self-governing mobile
robots raises worries about safety, security, worker adaptation, and laws, yet these issues may be successfully
resolved in the future (Hyland, 2023). Therefore, if Malaysia is to achieve Industrial Revolution 4.0 in the next
years, self-governing mobile robots in logistics would be a key component (Bahrin et al., 2016).

1.2 Problem Statements

The deployment of Autonomous Mobile Robots (AMRs) in logistics in Malaysia faces challenges that hinder
successful implementation. These challenges include technological limitations, limited resources in AMR devices,
and a lack of expertise in software development and data analytics (Recotvet, 2019; Ling et al, 2020; Divisions,
2022). Additionally, regulatory frameworks and guidelines are essential to ensure the safe operation of AMRs in
logistics (Tipping & Peter, 2016; Leenes et al., 2017).

On the positive side, AMRs have the potential to enhance efficiency and productivity in the logistics sector
by automating tasks and minimizing errors (Wijemanne, 2022; Sunol, 2022). They offer flexibility and
scalability, allowing logistics companies to adapt to changing customer needs (Warehouse Automation, 2023).
AMRs also improve inventory management by providing real-time tracking and optimization (Jessica, 2023).

In conclusion, while AMRs can bring significant benefits to the Malaysian logistics industry, addressing
technological challenges, enhancing expertise, and establishing clear regulatory frameworks are necessary steps
to fully leverage their capabilities and achieve automation and resilience in the industry.

Therefore, to achieve the research objectives the issues, challenges, and trends of AMRs for logistics sector
in Malaysia is determined. Furthermore, the key drivers of AMRs for logistics sector in Malaysia also determined.
Consequently, the the future image of AMRs for logistics sector in Malaysia is identified.

1.3 Scope of the Study

The foresight study, encompassing the ten-year period from 2021 to 2031, rigorously examines the STEEPV
factors influencing AMRs within the logistics sector, with a specific focus on Malaysia. Through an exhaustive
literature review, the research systematically addresses the prevalent issues, challenges, and evolving trends
pertaining to AMRs in the logistics domain. Diverse and pertinent data sources, including journals, books,
conference proceedings, and other relevant repositories, were meticulously curated to inform the analytical
framework. The study is delimited to industries operating within the logistics sector that actively utilize AMRs.
The survey, targeting managers of freight-forwarded logistics companies with expertise in AMR deployment,
was administered to systematically collect data for subsequent in-depth analysis, with the overarching goal of
constructing future scenarios grounded in the discerned patterns and insights.

1.4 Significance of the Study

This study aims to identify and investigate the drivers and issues of AMRs in Malaysia's logistics sector and the
future adoption trend of these robots. It can illuminate the advantages and disadvantages of using these robots
in the Malaysian logistics sector, raise Malaysians' understanding of the possible advantages and difficulties
AMRs offer in logistical operations, and create the groundwork for further study. This research shows how the
adoption of AMRs in the logistics sector has been affected by uncertainties and how it affects organizational
performance outcomes.

2. Research Methodology

This section elaborates on the methodology utilized to gather and analyze data to address the research question
and objectives of the investigation. The study employs quantitative and qualitative methodologies, including
STEEPV analysis and questionnaires, to facilitate data analysis and interpretation. Besides, this section also
explains the research design utilized in the investigation, explicates the foresight procedure, and evaluates the
population and sampling methodology. Ultimately, the data analysis is explicated, and the research instrument is
scrutinized. This chapter plays a crucial role in ensuring the study's objectives are achieved during data
collection.
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2.1 Research Design

The research design serves as a blueprint for the desired study, acting as the framework that connects all
elements of a research project (Akhtar, 2016). It offers researchers an effective strategy for enhancing suitable
study strategies and methodologies for the best results (McCombes, 2021). In order to obtain and evaluate
comprehensive data for this research, researcher will use a mixed-methods approach that integrates
quantitative and qualitative techniques. The STEEPV analysis serve as part of the qualitative technique to
investigate the key influences, unknowns, difficulties, and trends around AMRs in logistics. The final list will be
created by combining the main problems and factors discovered during STEEPV research. A survey technique is
employed for the quantitative approaches, and a questionnaire was sent to chosen respondents. The reliability
and accuracy of the measuring device were tested in a pilot study, and then data are gathered and analyzed
using the Statistical Package for Social Science (SPSS) program. The next step involves foresight research using
impact-uncertainty analysis and scenario analysis.

2.2 Foresight Process

Foresight entails systematic data collecting and analysis to provide fresh and diversified viewpoints on emerging
trends (Voros, 2003). This study's goal is to look at the possibilities and consequences that might arise from the
use of AMRs in the logistics industry. The STEEPV analysis and horizon scanning should be included in this
section.

2.2.1 Horizon Scanning

Horizon scanning is a thorough procedure that includes identifying important drivers, analyzing pertinent data,
and assessing future trends, according to the National Academies of Sciences, Engineering, and Medicine (2020).
Determining an organization's readiness for impending changes or dangers is crucial since it helps with policy
development and proactive decision-making by highlighting requirements and gaps. Horizon scanning entails
researching a vast array of sources, such as journals, novels, articles, and publications, to acquire diverse
perspectives and insights, thereby improving the accuracy of the process. For policies to be successful, horizon
scanning must be done consistently (National Academies of Sciences, Engineering, and Medicine, 2020).

Horizon scanning is being used as a study approach to examine logistical solutions for AMRs. Using horizon
scanning approaches, researchers can find upcoming technology, regulatory frameworks, market trends, and
other essential elements related to antimicrobial resistance. According to the National Academies of Sciences,
Engineering, and Medicine (2020), this method allows researchers and decision-makers to proactively identify
possible barriers and devise strategies to maximize the advantages of AMRs in the logistics sector.

2.2.2 STEEPV Method

The STEEPV analysis is a framework that comprises six key factors, namely Social, Technological, Economic,
Environmental, Political, and Values. These factors serve as a fundamental basis for initiating strategic
discussions concerning the future. STEEPV method consists of 10 steps which are data marking, data listing, data
classification, data identification, comparative theme, repeating steps, data inspection, reviewing, data merging,
and final confirmation.

2.3 Population and Sampling

2.3.1 Sampling Method

Sampling is the process of choosing a small sample from a larger population in order to determine the likelihood
that an inevitable fact, event, or outcome will occur (Acharya et al., 2013). Sampling methods can be divided into
two categories: probability and non-probability. In this study, the researcher selects samples based on their
preferences or subjective evaluations using a non-random sampling technique. As it is easier to collect data from
respondents and finish the project on time, purposeful sampling saves time and money throughout the research
process.

2.3.2 Population

Population refers to the entire group of individuals, events, or objects that the researcher wishes to examine
(Banerjee & Chaudhuri, 2010). The logistics organizational in Johor are chosen as the population for this study.
According to Federation of Malaysian Freight Forwarders (FMFF, 2023) report, there have 260 logistics
companies in Johor.
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2.3.3 Sample Size

Taherdoost (2016) explains that sampling is the process of selecting enough correct elements from the
population to generalize them to the population elements. Purposeful sampling aims to select a portion of the
total population from the survey as a representative of the survey and analysis and then infer the general
situation based on this portion of the sample. a sample size of 155 respondents out of a population of 260
(KENPRO, 2012). The respondent for this research are the managers of logistics company in Johor, as these
organizations are actively involved in logistics operations.

2.4 Research Instrument

A research instrument refers to the instruments used to collect data. In this study, a questionnaire is utilized as
the main research instrument owing to its effectiveness in terms of cost and time as well as its capacity to
provide respondents anonymity (Zohrabi, 2013). The survey questionnaire method is used to collect
quantitative data, employing a large population of respondents and multiple survey questions to investigate
ideas, attitudes, decisions, and other characteristics (Zohrabi, 2013). The questionnaire approach provides a
broad variety of possibilities, assuring a representative sample for targeted results and important decision-
making.

The questionnaire for this study is administer online, and questions are crafted considering existing
literature to predict the trend of AMRs in the logistics sector. The acquired data is analyzed using the Statistical
Package for the Social Sciences (SPSS), and the questionnaire structure consists of four parts. Part A of the
survey inquired about basic demographics such respondent's age, gender, race, employment status, and location
of operation. Parts B, C, and D used the Likert scale to evaluate the relevance, effect, and degree of ambiguity of
AMRs in Malaysian logistics.

2.5 Pilot Test

A pilot test is a test that aims to provide reliable findings. For a high-quality research study on the difficulties,
problems, and trends of AMRs in the transport sector in Malaysia, the project needs to be well-designed and
carried out. The right sample size must be determined not to offer sufficient power for hypothesis testing but to
evaluate the feasibility of participant recruiting or research design. A pilot study can also evaluate all other
aspects of the preliminary study, saving participants and researchers time and money. Cronbach Alpha should
be 0.70 or above, which is regarded as good (Taber, 2017).

Table 1 Cronbach's Alpha rule of thumb

Cronbach’s Alpha Internal Consistency
az=09 Excellent
09>a=0.8 Good
0.8>a=0.7 Acceptable
0.7>a=20.6 Questionable
0.6>a=0.5 Poor
0.5>a Unacceptable

2.6 Analysis of Data

2.6.1 Descriptive Analysis

Descriptive analysis is a statistical technique used to summarize and describe data, showcasing relationships,
patterns, and trends. It is particularly useful in identifying data outliers and elucidating correlations between
variables. This study used SPSS statistics software to generate descriptive statistics, including frequency,
percentage, and average, from questionnaire data.

2.6.2 Impact Uncertainty Analysis

This research's analysis plays a crucial role in the researcher's decision-making process, as it helps evaluate the
potential impacts of research outcomes and identifies sources of ambiguity that may affect the reliability and
relevance of the findings (Johansen et al., 2014). In this study, a mixed-method data analysis approach that
combined qualitative and quantitative methods is used to analyze the data to adopt impact-uncertainty analysis,
a technique used to evaluate the effects and implications of a study while considering the associated
uncertainties (Johansen et al, 2014). The purpose of this research is to identify prospective AMR trends in
logistics, with drivers chosen based on their considerable effect and potential impact on future growth, with
each demonstrating varied degrees of impact and uncertainty.
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2.7 Scenario Analysis

This study utilizes scenario analysis to predict future outcomes of AMRs for logistics sector in Malaysia.
According to Balaman (2019), scenario analysis is a useful technique in research since it helps researchers to
investigate and evaluate the long-term effects and results of many speculative future scenarios or occurrences.
With the objective of understanding their possible influence on study findings and conclusions, this approach
entails creating and analyzing several hypothetical scenarios depending on different assumptions or factors
(Balaman, 2019). Scenario analysis in the current research is based on the first two drivers discover in the
impact-uncertainty analysis. In order to predict and evaluate potential future AMR trends, the researcher creates
four alternate scenarios, each having either good or negative consequences.

3. Literature Review

This session discusses the methodology used for collecting and analyzing data to answer the research question
and objectives of this study. It uses quantitative and qualitative methods, such as STEEPV analysis and
questionnaires, to make the data analysis and interpretation. It also provided an explanation of the research
design employed in the study, a description of the foresight process, and an analysis of the population and
sampling methodology. Finally, it explained the analysis of the data and analyzes the research instrument. This
session is critical in ensuring the study goals were met throughout the data-collecting process.

3.1 Autonomous Mobile Robots

The incorporation of robotics has a significant impact on the development of modern logistics systems, with
their extensive adoption becoming a critical factor in determining competition and future inter-enterprise
operations trends (Ben et al, 2018). AMRs in logistics are equipped with advanced features such as path
planning, navigation, information integration, and autonomous decision-making, which significantly improve the
efficiency and intelligence of contemporary logistics (He et al, 2020). Nevertheless, one of the primary
challenges in employing AMRs is assuring their efficient navigation in outdoor environments and accurate
achievement of intended destinations, which requires high-precision trajectory tracking control (Li et al, 2016).
Li et al. (2016) state that control methods play a crucial role in attaining this level of control for mobile robotics.

As stated by Karabegovi et al. (2018), packaging and wrapping are regular jobs that robots do in the logistics
industry. AMRs, such as cooperation robots, inventory transportation robots, scalable storage picking robots,
and autonomously guided vehicles (AGVs), are created for a variety of uses and operational requirements (Tek,
2022).

3.2 Logistics in Malaysia

Logistics management is a vital component of supply chain management that entails the strategic planning,
execution, and monitoring of the efficient movement and storage of products, services, and knowledge from
origin to destination to meet customer demands (The Council of Supply Chain Management Professionals, 2023).
In Malaysia, logistical planning significantly depends on the growth of multimodal transportation networks, with
the well-connected sea, air, land, and rail infrastructure supporting the flow of goods within and outside the
nation (Project Management Office, 2019). Ministry of Transport Malaysia (2015) states that crucial locations
such as Port Klang and Kuala Lumpur International Airport (KLIA) are essential in facilitating logistics
operations.

Third-party logistics (3PL) providers, who provide various services such as transportation, storage, freight
forwarding, and value-added services, further improve the efficient operation of the supply chain in Malaysia
(Wahab et al, 2021). (Sohail & Sohal, 2003) These third-party logistics (3PL) providers leverage their expertise,
networks, and technological capabilities to deliver customize logistics solutions that accommodate Malaysian
businesses' diverse requirements. Additionally, as there is a growing need for effective last-mile delivery,
organized shipment fulfillment services, and improved reverse logistics procedures, online shopping has
significantly impacted the nation's logistics management framework (Viu-Roig & Alvarez-Palau, 2020).
According to Meidut-Kavaliauskien et al (2014), the e-commerce industry places a heavy emphasis on
quickness, adaptability, and user experience to meet online consumers' expectations.

3.3 STEEPV Analysis

The STEEPV analysis framework is often used to assess the numerous elements that might influence the
deployment and success of a certain technology. In this section, all recognized AMR-related problems and factors
have been grouped according to the relevant social, technological, economic, environmental, political, and value
categories.
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3.4 Table of Driver Related to Merged Issues, Trends, and Challenges

After integrating essential terms pertaining to the issues and drivers of AMRs in logistics sector, ten
comprehensive issues and drivers were identified. These exhaustive issues and drives will be incorporated into
the data collection questionnaire. Table 2 lists the issues and drivers that have been integrated.

Table 2 Driver related to merged issues / trends / challenges

No. Issues / Trends / Challenges Drivers
Labour supply to meet the demand for jobs that require physical
effort
1 Shortage of workforce effect businesses in Asia are considering Labour supply
adopting AMRs

Lack of highly qualified workers
Implementing AMRs on employee retention and work satisfaction
AMRs system promote collaboration and communication across
different organizational
Implementing AMRs changes in employment patterns and job
Heightened uncertainty and intricate interdependencies in the
AMRs system impact human interactions
Autonomy on human emotions and the perception of AMRs
3 Potential risks and safety concerns Risks and safety
Workplace safety
Excessive energy consumption
4 AMRs consume a significant amount of energy Energy usage
AMRs adoption accelerates resource utilization and depletion
Implementing AMRs changes in employment patterns and job
displacement
Navigate independently
Self-navigating system
Heightened uncertainty and intricate interdependencies in the
AMRs system impact human interactions"
6 Innovation and efficiency of cloud computing for AMRs
Advance technology for real-time data
Complex technologically
Shortage of high-qualify workforce effect labor cost increase
7 Lack of highly qualified workers Labor cost
Workforce displacement can impact the decline labor cost
Decreased the human error
Enhanced assembly process for improved productivity
Low battery life affects the performance Productivity
Decreased the human error performance
Real-time data processing
Enhancing their performance through iterative improvements
Workforce displacement affect decline of gross domestic product
(GDP)
Rising demands
Reduce material waste
Increase in market growth
Market value of AMRs increased
High initial costs
10 Lack of funds Cost and funding
Large capital expenditure

Cultural attitudes

Labor automation

Technological
advancement

Economy Growth

4. Data Analysis and Findings

This chapter provides a thorough discussion of the data analysis and conclusions about the utilisation of
Autonomous Mobile Robots (AMRs) in Malaysia's logistics industry. The data was gathered and analysed using
the Statistical Package for the Social Sciences (SPSS) software, using a distributed questionnaire sent via email to
logistics managers in Johor. The investigation included demographic observations, detailed categorizations, and
evaluations of the potential effect and uncertainty. The demographic data was represented using frequency,
percentage, and cumulative percentage, while the prioritisation of issues was determined by calculating the
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mean and standard deviation. For impact-uncertainty analysis, the drivers and problems with the highest mean
were chosen from the top 50 percent. This selection was made to assess their potential effect and
unpredictability in the future. This approach facilitated the identification of the most influential and
unpredictable components for scenario analysis, establishing the foundation for developing strategies that
tackle the most crucial elements defining the future of AMRs in Malaysia's logistics business.

4.1 Pilot Test Result

This research used Cronbach's Alpha values calculated using SPSS to perform a pilot test on a sample of 78
respondents to evaluate the questionnaire's reliability. The results of the study were encouraging although the
Level of Importance demonstrated a satisfactory degree of dependability (a = 0.761), suggesting that its items
were consistently aligned, additional improvements are possible. On the other hand, the Level of Impact (a =
0.842) and Level of Uncertainty (a = 0.869) showed high reliability, above the criterion of 0.8. This indicates a
greater internal consistency across the items used to assess these variables. The strong Cronbach's Alpha values
indicate a greater level of reliability in measuring the effect and uncertainty elements, emphasising their
stability and dependability for assessing the examined constructs.

Table 3 Reliability of pilot test

Factors Cronbach’s Alpha Value
Level of Importance 0.761
Level of Impact 0.842
Level of Uncertainty 0.869

4.2 Actual study

The reliability of the actual study also has been conducted. The result of the reliability of the actual study is
shown in the table below. According to the Table 4, Cronbach’s Alpha Value for the Level of Importance is (a =
0.748), and the Level of Impact is (a = 0.774). These two factors are indicative of an acceptably reliable
measurement; however, room for refinement persists to bolster its consistency. Besides that, Cronbach’s Alpha
value for the Level of Uncertainty is (o = 0.809) and is categorized as better reliability because Cronbach’s Alpha
value is above 0.8.

Table 4 Reliability of actual study

Factors Cronbach’s Alpha Value
Level of Importance 0.748
Level of Impact 0.774
Level of Uncertainty 0.809

4.3 Survey Return Rate

This research targeted 260 respondents from Malaysia's logistics sector, with 155 actively engaged managers
from Johor participating in the survey via Google Forms. This web-based platform streamlined data organization
and analysis, offering efficiency and cost savings by eliminating paper-based distribution and manual data entry.
Out of 200 surveys distributed via email, the study achieved a response rate of 45.88%, indicating significant
engagement from the surveyed logistics company managers.

Table 5 Survey return rate

Population 260
Sample 155
Questionnaire Returned 78
Questionnaire Distributed 170
Percentage 45.88%

4.4 Demographic Analysis

This section examines the demographics of study participants using seven questionnaire items covering gender,
age, race, education level, occupation sector, work experience, number of employees, and which specific AMR
technologies are currently used or considered for implementation. Visualized through pie charts with
percentages, this approach enhances data accessibility and understanding.

2
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4.4.1 Respondents Demographics Information

In summary, the analysis of the respondent data reveals a predominantly male participant group comprising
62.8% of the total, with females accounting for 37.2%. Age-wise, the largest segment falls within the 19 to 29
years old category (55.1%), followed by the 30 to 39 years old category (34.6%). Ethnically, Malays constitute
the largest group (48.7%), followed by Chinese (41%) and Indians (10.3%). Educationally, a substantial majority
hold degree-level qualifications (74.4%), with smaller proportions having master's (7.7%) or Ph.D. degrees
(1.3%). Occupationally, the government sector is most represented (50%), followed by the private sector
(35.9%) and self-employed individuals (14.1%). Regarding experience, 48.7% have 1-5 years, 37.2% have 5-10
years, and 3.8% have less than a year of experience, while 10.3% have extensive experience. The majority are
associated with companies with 51 to 100 employees (53.8%), and in terms of AMRs technology, Inventory
Transportation Robots are the most mentioned (37.2%). This comprehensive analysis provides valuable insights
for data-driven decision-making in future research and projects.

4.5 Descriptive Analysis of the Drivers

This section presents a descriptive analysis of AMRs related issues in Malaysia's logistics sector. Respondents
used a Likert scale in Parts B, C, and D of the questionnaire to rate these issues based on importance, impact, and
uncertainty. SPSS software was used to analyze the data for mean and standard deviation. The top fifty percent
of drivers with the highest mean levels of impact and uncertainty were selected for scenario analysis, employing
an impact-uncertainty analysis method to identify primary factors driving future uncertainty and impact.

4.5.1 Mean of Drivers in Corresponding with Importance

The mean value of each driver was determined using a rating scale to which respondents provided their
evaluations and opinions. Table 6 below was showed the mean of the first five leading Drivers based on level of
importance.

Table 6 Mean of the first five leading drivers on importance

No Drivers Mean
1 Risks and safety 4.4103
2 Technological advancement 4.3462
3 Productivity performance 4.2949
4 Labor cost 4.2436
5 Labor automation 4.2179

4.5.2 Mean of Drivers in Corresponding with Impact

The Table 7 below showed that Mean of the five leading drivers on Level of Impact.

Table 7 Mean of the five leading drivers on level of impact

No Drivers Mean
1 Risks and safety 4.3590
2 Technological advancement 4.2692
3 Productivity performance 4.2949
4 Labor cost 4.2949
5 Labor automation 4.1410

4.5.3 Mean of the Drivers in Corresponding with Level of Uncertainty
The Table 8 below showed that the Mean of the five leading drivers on Level of Uncertainty.

Table 8 Mean of the five leading drivers on Level of uncertainty

No Drivers Mean
1 Risks and safety 43718
2 Technological advancement 43718
3 Productivity performance 4.2949
4 Labor cost 4.3974
5 Labor automation 4.3077
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4.6 Impact Uncertainty Analysis

Table 9 shows the mean value of the top five leading drivers based on the level of uncertainty and level of
impact. The purpose of identifying the top five leading drivers based on the level of uncertainty and level of
impact in research is to highlight critical research areas with the potential for significant breakthroughs but also
with inherent issues and drivers. Fig. 2 shows the top two drivers were identified which have the highest impact
and uncertainty to the future AMRS for logistics sector in Malaysia. First, the statement “risks and safety (DI) has
the highest impact and uncertainty (4.3718, 4.3590) while labor cost (D4) has the second highest impact and
uncertainty (4.3974, 4.2949).

Table 9 Mean of the five leading drivers on level of impact and uncertainty

No Drivers Mean
Uncertainty Impact
D1 Risks and safety 4.3718 4.3590
D2 Technological advancement 43718 4.2692
D3 Productivity performance 4.2949 4.2949
D4 Labor cost 4.3974 4.2949
D5 Labor automation 4.3077 4.1410
Higher
4.4
D1
4.35 ®
D3 D4
O
H
3]
< 4.25
: @,
4.2
D5
4.15 -
4.1
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Lower UNCERTAINTY »|Higher

Fig. 2 Impact uncertainty analysis

5. Discussion, Recommendation, and Conclusion

This chapter will create the scenario analysis using the top two drivers that were analyzed based on the impact-
uncertainty analysis in the previous chapter. By conducting a scenario analysis, one can ascertain the anticipated
outcome of four distinct alternative scenarios involving the top two variables to assess the trends of AMR in the
logistics industry of Malaysia within the next five to ten years.

5.1 Discussion on First Research Objective

The study of first objective is to identify the issues, challenges, and trends of AMRs for logistics sector in
Malaysia. Firstly, labor supply plays a significant role in shaping the adoption of AMRs. While these robots offer
automation and enhanced efficiency, concerns have arisen about potential job displacement and the need to
retrain the current workforce (Manyika & Sneader, 2018). To address these concerns, it is imperative to
implement reskilling initiatives and training programs to ensure a smooth transition to automation.

Secondly, the development of cultural attitudes towards technology is another crucial driver. Public
perception of AMRs and technology, in general, greatly influences their adoption. To foster a positive perception
and overcome cultural resistance, initiatives focused on public education and awareness are necessary (Huang &
Liao, 2015). Building trust and showcasing the advantages of AMRs can help integrate them seamlessly into the
workforce (Addup Networks Private Limited, 2023).

Thirdly, the driver of risk and safety is essential for the widespread acceptance of AMRs. Ensuring the safety
of both human laborers and infrastructure is paramount. This requires the development of efficient risk
mitigation plans, the implementation of strong safety procedures, and the establishment of precise
standardization standards (Kaplan & Mikes, 2012). Collaborative efforts among government, industry, and
research institutions can accelerate the development of comprehensive safety frameworks (Deng et al., 2023).
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Furthermore, environmental sustainability is a critical consideration. The energy usage of AMRs symbolizes
concerns related to environmental factors in logistics. To promote long-term sustainability, it is vital to explore
renewable energy sources like solar charging stations and optimize AMR energy usage through intelligent
routing (Federation of Malaysian Manufacturers, 2023). Striking the right balance between automation and
human labor is also crucial, as complex decision-making still requires human supervision and intervention
(Real-time Network, 2023).

Additionally, the rapid technological advancements in AMR technology require continuous adaptation and
investment in cutting-edge solutions (Yang & Gu, 2021). Staying competitive necessitates staying updated on
technological developments and exploring opportunities for additional automation and optimization (Ironhack,
2023).

Financial considerations, such as the initial cost of obtaining and maintaining AMRs, represent a major
barrier. Organizations must carefully assess the cost-benefit ratio and explore diverse funding alternatives,
including private partnerships and government grants (Fragapane et al,, 2021). To justify these early expenses,
demonstrating a strong return on investment (ROI) is essential (Britt, 2022). Maximizing operational efficiency
requires optimizing human operator training and streamlining existing procedures (Javaid et al., 2021).

In conclusion, the implementation of AMRs in the Malaysian logistics sector is a complex and continuously
developing process, influenced by various drivers and challenges. A comprehensive strategy is necessary to
consider technological advancements, labor dynamics, economic impacts, and environmental sustainability. By
efficiently addressing these factors through collaborative efforts, Malaysia can harness the potential of AMRs to
revolutionize the logistics sector, fostering expansion, innovation, and enhanced competitiveness in the future.

5.2 Discussion on Second Objectives

This study has established three primary objectives. The second objective of the research is to determine the
primary factors that contribute AMRs in the logistics sector in Malaysia. The two primary drivers have been
chosen based on the impact-uncertainty analysis. Both drivers have the most significant impact and uncertainty
based on the user and the developer of the AMRs review. “Risk and safety” and “Labour cost” have the highest
mean in level of impact and uncertainty.

The future integration of Autonomous Mobile Robots (AMRs) in Malaysia's logistics sector hinges on the
careful consideration of risk and safety factors. Highlighting the significance of safety in decision-making
processes, stringent safety protocols and regulations are emphasized as critical components (Dunakin, 2019;
Konica Minolta, 2023). AMRs, equipped with advanced obstacle detection and avoidance systems, offer a
pathway to enhance human laborer safety and reduce accidents, contributing not only to increased productivity
but also fostering an improved workplace atmosphere (Reynolds, 2023). Optimized safety standards may
further elevate the efficiency of logistics operations, leading to expedited deliveries, reduced operating expenses,
and heightened competition, attracting investments and driving advancements in the industry (Damini, 2023).

However, the adoption of AMRs also poses challenges, particularly in terms of labor dynamics and costs
within the logistics sector. While these robotic systems promise efficiency and cost-effectiveness by automating
repetitive tasks, their integration may lead to changes or replacements in traditional manual roles, potentially
causing employee dissatisfaction (Romaine, 2023; Holzer, 2022). The uncertainties surrounding the speed of
technology adoption, the extent of automation implementation, and regulatory developments add complexity to
the equation, influencing the overall impact of AMRs on workforce requirements and industry dynamics.

5.3 Discussion on Third Objectives

The third objective is to determine the future trends of AMRs in the Malaysian logistics industry. The
objective is to identify the future trends that will drive change, as well as the future environment and market for
AMR adoption in the Malaysian logistics industry. This objective also requires identifying the forces that can
change the future of AMRs in the Malaysian logistics industry. The Fig. 3 represents future trends in AMR
adoption, four alternative scenarios were generated. These four alternatives represent four scenarios that could
occur between 2023 and 2033.

Penerbit
UTHM



Research in Management of Technology and Business Vol. 5 No. 1 (2024) p. 742-763 752

High Risk and safety
Risk Hindrance in Safe Driven
Budget-Friendly Efficiency

Environment

Low Labour Cost High Labour Cost

Lean Logistics Prudent

Transformation Precaution

Low Risk and safety

Fig. 3 Development of Four Scenario Analysis

5.3.1 Scenario 1 “Safe Driven Efficiency”

Scenario 1, referred to as "Safety-Driven Efficiency” in Fig. 3, envisions a landscape characterized by stringent
safety measures alongside high labor costs. This scenario has the potential to transform the logistics business by
not only reducing accidents but also fostering a workplace that prioritizes employee well-being.

By giving top priority to safety through advanced AMRs, operational disruptions can significantly decrease,
while employee morale, productivity, and efficiency can soar (Safety Line, 2023). The establishment of
comprehensive safety protocols, as suggested by the World Economic Forum report (2023), may require
significant investments in specialized equipment and training. However, the potential benefits of reduced
downtime and injuries may outweigh the initial costs, resulting in sustained financial savings and improved
operational resilience.

While the initial impact of this approach might strain profit margins due to expensive labor, strategic
measures such as leveraging technology to reduce reliance on costly human labor can offset these expenses
(Feng, 2020). Additionally, focusing on market segments that highly value safety can allow companies to
command higher prices, thus alleviating the financial burden associated with safety-focused strategies (Huang &
Zhong, 2023).

In addition to the financial benefits, a safety-first strategy enhances a company's brand image (Srinivasan &
Kurey, 2014). Companies that demonstrate a strong commitment to employee well-being can gain a competitive
edge in an era where consumers prioritize ethical behavior. The market value of such branding and consumers'
willingness to pay a premium for products from companies with impeccable safety records are evident
(Agrawal, 2016).

To fully realize the advantages of Safety-Driven Efficiency in the integration of AMRs in logistics, strategic
investments in automation and technology are essential (Raza et al,, 2023). These investments aim to reduce the
need for costly physical labor while strengthening safety measures. Proactive risk management systems and a
safety culture can empower employees, leading to fewer accidents and the implementation of a more cost-
effective safety approach (Naji et al,, 2021).

In conclusion, despite high labor costs, Scenario 1 offers a compelling vision for the future of the logistics
industry, emphasizing safety through AMRs. Safety-driven efficiency can become a lasting competitive advantage
with strategic planning and innovative solutions, even in the face of challenges like initial financial pressures and
potential operational slowdowns. Through skillful negotiation of trade-offs and the adoption of innovative
approaches, the logistics sector can harness the revolutionary potential of an AMR-enabled safety-centric
culture.

5.3.2 Scenario 2 “Lean Logistics Transformation”

Scenario 2, titled " Lean Logistics Transformation" envisions the Malaysian logistics industry characterized by
reduced labor expenses, controlled safety risks, and lowered operational risks. Here, AMRs aim to capitalize on
their cost-effectiveness while managing the challenges associated with limited safety features.

In this scenario, the focus is on customizing AMRs for maximum operational efficiency and cost reduction.
Simple, cost-effective AMRs models are deployed to handle routine logistics tasks, even at the expense of
advanced safety measures. The emphasis shifts towards economic considerations, occasionally leading to
operational challenges.
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The Supply Chain Reviews (2020) highlight the trade-offs involved in cost-driven logistics strategies. While
prioritizing cost-effectiveness can optimize operations, it may also involve compromising on safety precautions.
This aligns with the expectations in Scenario 2, where reduced safety features are anticipated due to cost
reduction.

AMRs in Scenario 2 require businesses to balance cost-effectiveness with operational efficiency carefully.
While initial investments may be lower, long-term viability could be compromised by operational issues
resulting from reduced safety features. However, strategic integration of AMRs can optimize logistics operations,
streamline repetitive tasks, and reduce labor-related expenses (Addup Networks Private Limited, 2023).

Furthermore, Arthur A. Thompson, Jr's critiques (1984) emphasize the immediate financial consequences of
cost-focused initiatives in industries. While reduced safety investments may impact profit margins in the short
term, alternative cost-cutting strategies and targeting market segments with lower safety demands can mitigate
these effects.

In summary, Scenario 2, "Lean Logistics Transformation” foresees a landscape where AMRs prioritize cost-
effectiveness over stringent safety protocols in the logistics industry. While this approach may offer immediate
cost savings and operational simplification, it may raise concerns about long-term sustainability and safety.
Striking a balance between these trade-offs will be crucial to harness the cost benefits of AMRs while
maintaining operational reliability and safety in the logistics sector.

5.3.3 Scenario 3 “Risk Hindrance in Budget-Friendly Environment”

Scenario 3, titled " Risk Hindrance in Budget-Friendly Environment " presents a unique challenge for the future
of the logistics industry in Malaysia. It revolves around the dilemma of dealing with heightened risks while also
benefiting from cost-effective labor. This scenario envisions a conflict between the desire for cost savings and
the need for stringent safety regulations, potentially leading to operational complexities and legal issues.

AMRs in this scenario operate in an environment where low labor costs are enticing to businesses, but strict
safety measures remain crucial. Finding a solution to reconcile these conflicting dynamics proves to be a
significant challenge. According to Rvj (2022), industries with low labor costs may struggle to uphold stringent
safety standards, which can result in operational disruptions. This aligns with the anticipated outcomes in
Scenario 3, where the pursuit of cost reduction may clash with rigorous safety protocols.

Under Scenario 3, the logistics industry's future with AMRs requires a delicate balance between cost
benefits and safety precautions. While low labor costs may be attractive, obligations for safety and regulatory
compliance can hinder operational efficiency. As noted by Bill Black (2017), scholarly studies emphasize that
implementing strict safety protocols in low-cost environments may lead to operational complications and
potential opposition from safety authorities, compromising overall effectiveness.

Adhering to stringent safety standards in a cost-conscious setting presents significant challenges, as
illustrated in Scenario 3. Organizations may require assistance in navigating the complexities of maintaining
rigorous safety protocols in the face of enticingly low labor expenses, potentially resulting in operational
disruptions and regulatory noncompliance.

In conclusion, Scenario 3, " Risk Hindrance in Budget-Friendly Environment" highlights the intricate
dilemma that businesses must address: striking a balance between the allure of inexpensive labor and the
necessity of strict safety regulations. Effectively managing this situation will necessitate innovative approaches
and strategic compromises to uphold critical safety standards, maximize cost savings, ensure operational
efficiency, and comply with regulatory requirements in the logistics industry.

5.3.4 Scenario 4 “Prudent Precaution”

Scenario 4, titled " Prudent Precaution " envisions the future of AMRs in Malaysia's logistics industry
characterized by low risks, moderate safety concerns, and high labor costs. This scenario emphasizes finding a
delicate equilibrium between cost reduction and safety, albeit with safety standards somewhat lower than in
safety-focused scenarios.

In this context, AMRs are expected to provide a moderate solution that balances the imperative to cut labor
costs with the need for safety precautions. Striking this balance between cost-effectiveness and maintaining
acceptable safety standards presents inherent complexities and challenges for industries (Tamers et al., 2020).
This aligns with the anticipated outcomes in Scenario 4, where cost reduction may take precedence over
substantial investments in safety measures.

Scenario 4 demands that the logistics industry navigate the intricacies of cost-sensitive safety measures
concerning AMRs. While cost reduction is essential due to high labor expenses, businesses aim to uphold a
reasonable level of safety to ensure uninterrupted operations. This strategy may involve targeted investments in
AMRs that offer a balance between safety and efficiency improvements.

As noted by Inlogsys (2023), sectors facing significant labor expenses often struggle to strike a balance
between implementing safety protocols and minimizing financial consequences. While the logistics industry
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seeks to maintain an adequate level of safety precautions, the associated expenses in achieving this equilibrium
may pose challenges in terms of immediate financial gains.

In conclusion, Scenario 4 outlines a future in the logistics industry where companies seek to achieve a
balance between safety concerns and costly labor expenses by implementing "Prudent Precaution" measures for
AMRs. The primary objective is to optimize expenditures while maintaining an acceptable level of safety, thus
balancing operational reliability and cost-effectiveness. The ability to uphold fundamental safety standards in
the logistics environment while harnessing the advantages of AMRs hinges on the effective management of this
delicate equilibrium.

5.4 Limitation of study

This foresight study offers significant perspectives on the possible incorporation of AMRs in Malaysia's logistics
industry. However, the pointed-out constraints emphasize the necessity of continued investigation, wider data
gathering, and flexible approaches to handle unanticipated technological breakthroughs and contextual
intricacies for a more thorough comprehension and efficient application of AMRs in the ever-changing logistics
landscape.

5.5 Recommendation

5.5.1 Recommendation for future study

Further research in Malaysia's logistics sector on AMRs should focus on longitudinal studies to monitor real-
time AMRs application and its consequences, specifically evaluating long-term operational, environmental, and
economic impacts across various logistics segments. Additionally, comparing adopting organizations with non-
adopters can offer valuable insights. A detailed examination of socio-cultural factors impacting AMRs adoption,
through surveys or interviews with stakeholders, can provide a comprehensive understanding of the obstacles
and facilitators influencing AMRs implementation in Malaysia's logistics sector.

5.5.2 Recommendation For AMRs In Logistics Sector.

This scenario analysis offers insights into the future of AMRs in Malaysia's logistics sector. Stakeholders should
collaborate on comprehensive training programs focused on AMR operation and maintenance for logistics
professionals. Pilot programs, facilitated through partnerships between logistics firms and technology providers,
should be prioritized to apply AMR capabilities practically and refine infrastructure. Ongoing monitoring of
AMR-specific technological advancements is crucial to adapt strategies for seamless integration and long-term
efficiency in Malaysia's logistics sector.

5.6 Conclusion

In conclusion, this research aims to investigate the future trends of AMRs in Malaysia's logistics sector,
addressing the associated issues, challenges, trends, and key drivers. The research approach involves foresight
methodology, SPSS analysis, SPEEEV analysis, and impact-uncertainty analysis. From the impact-uncertainty
analysis, the top two drivers have been identified and incorporated into scenario analysis, resulting in four
future adoption scenarios for AMRs in logistics.

The adoption of Autonomous Mobile Robots (AMRs) in the logistics sector in Malaysia is intricately linked to
the dual considerations of risk and safety, as well as labor costs. A positive correlation exists between these
factors, giving rise to an optimal scenario termed "Safety-Driven Efficiency,” wherein society exhibits a
heightened interest in deploying AMRs for logistics operations. This scenario envisions a future where safety
measures and cost-effectiveness synergize, fostering an environment conducive to the widespread adoption of
AMRs.
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