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Dear Dr. DIAN DEWI,

I am writing to you regarding the manuscript #IE-7737 entitled "

Enhancing the Product–Service Systems green competitive performance through the
development of green, agile and resilient capabilities

" which you submitted to International Journal of Technology (IJTech).

After we made an initial screening we found some problems including:
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2. 1. Delete author information in the pdf file, The submission will undergo the blind-review process.
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added after the blind-review process. 2. Delete author information in the pdf file, The submission
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graphical abstract more interested with jpg or png format
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Decision Result : Revise

Dear Dr. DIAN DEWI

We have finished the review and made decision on your manuscript entitled [ Enhancing the Product–
Service Systems green competitive performance through the development of green, agile and
resilient capabilities ] which was submitted to International Journal of Technology.

We have decided that your manuscript Need to be Revised

We also send you the review result from the reviewers. Here is the detail review result:

Notes from Editor:
1. Graphical abstract too crowded. Please revise it more interested 2. Please revise according to the
reviewer's comment, and highlights the revised in different color 3. Please include at least 5 relevant
IJTech articles (2023 - present) as references 4. Please upload the revised manuscript by filling *
required (for response letters, you can download the template in Step 5)

Reviewer (1)
Introduction:
The objective is to investigate the relationship of organizational learning development (OLD), supply
chain integration (SCI), supply chain
digitalization (SCD), supply chain agility and resilience (SCAR), green supply chain (GSC) and PSS
green competitive performance (PSSGCP).
1. The introduction and literature review/theory must be reconstructed and reduce. this section is too
long and not easy to understood.
2. what has been done?
3. what is the newest and improvement from this study?
4. add the real impact and advantages that related with enhancing the Product–Service Systems green
competitive performance?
Methodology:
1. this section is not clear.
2. add materials (if any) and how to identify them
3. authors have to inform and explain the detail related the step and process to enhance the Product–
Service Systems green competitive performance
4. add scheme for illustration the method and or process
Results and Discussion:
1. revise the legend caption for Table 1.
2. simplify the domain of constructs and items in Table 2 (if possible)
3. authors have to discuss more related the factor loading data from Table 2.
4. table 2 is too long, please revise it and add cont. if one page is not enough
5. Revise the legend caption in Figure 1
6. discuss and add more refs related the impact and advantages by enhancing the Product–Service
Systems green competitive performance
References:
1. update for old refs such asBagozzi,
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Yi & Phillips 1991
2. make sure the cited refs more than 36 refs including at least 5 refs from IJtech.
Other:
1. Graphical abstract is not accepted. this image is like a poster, too many text/paragraphs
2. revise the title, currently this title is not focus and too broad.
3. abstract must be re-written, currently the objective, method, variable and how to identify it, significant
finding are not clear.
4. add quantitative parameters and or results (if any) in the abstract section.
5. Conclusion section is too long and too many paragraphs. this section must be only contain one
paragraph and add specific future work

Originality 1 (poor)
Technical 1 (poor)
Methodology 1 (poor)
Readability 2 (fair)
Practicability 1 (poor)
Organization 1 (poor)
Importance 1 (poor)

Attachment from reviewer:
-

Reviewer (2)
Introduction:
The Introduction section addresses a highly relevant and timely research topic by linking Product-
Service Systems (PSS) with green supply chain (GSC), agility and resilience (collectively SCAR), and
dynamic capabilities. The authors clearly recognize the evolution of the manufacturing sector towards
servitization and sustainability under increasing environmental and operational pressures. The linkage
between PSS, green awareness, and dynamic supply chain capabilities provides an important
theoretical and practical foundation.
Areas for Improvement:
1. Clarity and Structure:
The section would benefit from improved coherence and paragraph organization. At present, some
transitions between ideas (e.g., from PSS to SCAR to environmental awareness) feel abrupt. Consider
grouping themes more logically (e.g., PSS evolution ? disruptions ? SCAR ? green pressure ? research
gap).
Consider integrating Figure 1 (if exists) or visual aid to support the proposed model in the introduction
for early clarity.
2. Terminology Precision:
The acronym "SCAR" is introduced (Supply Chain Agility and Resilience) but should be explicitly
defined when first mentioned for clarity.
Some terms (e.g., PSSGCP, OLD, SCI, SCD) are introduced without sufficient initial explanation.
Consider briefly defining these in the Introduction instead of waiting until the theoretical framework
section.
3. Literature Support:
While the section cites several relevant studies, the referencing can be enhanced in two ways:
More recent references: Incorporate more 2023–2024 publications to demonstrate the current
relevance of the research problem.
Balanced citations: Some citations (e.g., Gligor et al. 2019) are repeated frequently. Consider
diversifying sources for agility/resilience constructs.
4. Language and Style:
The writing requires editing for grammar, sentence structure, and clarity. For example:
Line 35: "This trend is called PSS, is an innovation offering..." – awkward and grammatically incorrect.
Consider revising to: “This trend, known as Product-Service Systems (PSS), represents an innovation
aimed at…”
Line 45: “Those disruptions asked for changing of the business as usual” – consider revising to: “These
disruptions necessitated a departure from business-as-usual practices.”
5. Contribution Statement:
While the research questions are clearly articulated, the novelty and contribution of the paper could be
made more explicit. Consider adding a dedicated paragraph summarizing:
What exactly is new in this study?
How it differs from past work on PSS or SCAR?
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Why this study matters now?
6. Contextual Relevance:
The authors mention motorcycle supply chains in later sections but not in the introduction. A brief
mention of the specific industrial context at the end of the introduction would help frame the study
better.
Methodology:
The methodology section demonstrates a thorough and systematic approach to survey design, data
collection, and preliminary analysis. The authors clearly explain the multi-stage instrument
development process, sampling strategy, and response handling, contributing to the transparency and
replicability of the research.
1. Survey Instrument Details:
o Although the constructs and item counts are listed (e.g., OLD, SCI, SCAR), the specific nature of the
items (e.g., sample questions, scale format) is missing. Including a supplementary appendix with the
full questionnaire or item examples would improve transparency and facilitate replication.
o The Likert scale used (e.g., 5-point, 7-point) should be explicitly stated in this section rather than
assumed.
2. Construct Justification and Operationalization:
o While the six constructs are referenced, brief operational definitions (not just acronyms) should be
provided here. For instance, explain what “PSSGCP” or “OLD” refers to conceptually, not just that they
have “x” number of items.
o Also, consider citing the sources from which the items were adapted or whether they were newly
developed.
3. Statistical Power and Item Retention Justification:
o Although item retention was based on power analysis and p-values, further detail could be added
about how power was calculated (e.g., using which software, assumptions about effect size).
o It may also be useful to report internal consistency measures (e.g., Cronbach’s alpha) for each
construct, either here or in the next section.
4. Ethical Considerations:
o The manuscript should include a statement about ethical approval or informed consent procedures,
particularly since human subjects were involved in the survey. For example, was participation
voluntary? Was anonymity or confidentiality assured?
5. Clarity and Writing Style:
o Minor grammatical and stylistic revisions would enhance readability. For instance:
? Line 235: “to assess the hypothesis” ? “to test the proposed hypotheses”
? Line 243: “clearly specifying the purpose” ? “and specifying the measurement objectives”
? Line 270: “only completed the initial part of the questionnaire” ? consider specifying that these were
incomplete and excluded from the analysis.
6. Sample Distribution Bias:
While the dominance of one brand (75.3%) is noted and explained, the authors should briefly discuss
any potential implications this concentration may have on the generalizability or balance of findings.
Results and Discussion:
The Results and Discussion section presents a comprehensive and methodologically rigorous analysis,
effectively combining EFA, CFA, reliability assessment, and structural equation modeling to validate the
constructs and test the proposed hypotheses. The use of both SPSS and AMOS demonstrates
methodological robustness, and the reported goodness-of-fit indices meet conventional thresholds,
lending strong support to the validity and reliability of the measurement and structural models.
Areas for Improvement:
1. Interpretation Depth: While results are clearly presented, the discussion could be further
strengthened by offering more in-depth interpretation of why certain paths are significant or non-
significant. For example, the non-significance of SCI ? GSC warrants a deeper industry-specific or
theoretical explanation.
2. Theoretical Integration: Although relevant references are cited, the integration of findings with the
broader theoretical frameworks (e.g., Resource-Based View, Dynamic Capabilities) could enrich the
discussion and clarify how this study advances current theory.
3. Generalizability and Context: The results seem industry-specific (e.g., motorcycle industry), but the
discussion does not explicitly address the contextual limitations or implications for other sectors.
Consider acknowledging this and suggesting directions for replication or comparative analysis.
4. Mediation Effects: The suggestion that SCD mediates the relationship between SCI and GSC is
insightful. However, this potential mediating effect is not formally tested (e.g., via bootstrapping or
Sobel test). Consider including a mediation analysis or clearly stating that it is a theoretical implication
rather than a tested effect.
5. Typographical Issues: Minor language inconsistencies (e.g., "and positively influence" repeated) and
formatting errors (e.g., missing punctuation or spaces) in the discussion section reduce professionalism
and should be corrected before publication.

With minor revisions to deepen the interpretation and clarify theoretical contributions, this section can
make a valuable addition to the literature on green supply chains and competitive performance in PSS
contexts.
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References:
The References section is generally comprehensive and reflects a strong engagement with
contemporary and high-quality literature in the fields of supply chain management, sustainability, digital
transformation, and agility. The inclusion of peer-reviewed sources from reputable journals (e.g.,
Journal of Cleaner Production, International Journal of Production Economics, Technovation, Annals of
Operations Research) significantly strengthens the scholarly rigor of the work.
However, there are a few issues that require attention to improve consistency, accuracy, and
adherence to citation formatting standards:
1. Consistency in Formatting:
-Ensure uniform formatting of journal titles (e.g., some are italicized while others are not) and page
numbers.
-Abbreviations such as “vol.” and “no.” should be used consistently across all entries.
-Capitalization of article titles should follow a consistent style, preferably sentence case (only the first
word and proper nouns capitalized), unless another standard is specified.
2. Missing Information and Inconsistencies:
-Some entries are missing critical details such as issue numbers, volume numbers, or page ranges
(e.g., line 482: Journal of Asian Development Studies – no page numbers or DOI).
-Multiple DOIs are listed for the same entry (e.g., line 521: Dewi & Hermanto 2022 – duplicate DOI).
-One DOI appears to be malformed or incomplete (e.g., line 470: “DOI:0.1080/13675567.2021.
1972949” lacks the "https://" prefix).
-Author names with inconsistent ordering or initials (e.g., “Amine Balambo, M” vs. “Chiappetta Jabbour,
CJ” vs. “Jabeen, F”).
3. Redundancy and Overrepresentation:
-There is notable repetition of certain authors (e.g., DRS Dewi, YB Hermanto) with multiple entries in a
short span, which may indicate overreliance on a narrow segment of literature. Consider diversifying
the sources to ensure broader representation of global perspectives.
-Several articles by the same authors in the same journal/year (e.g., Dewi & Hermanto 2022, 2023,
2024 in IJSDP) may benefit from justification of their distinct contributions within the main text.
4. Minor Typographical Errors:
-Line breaks within article titles (e.g., line 471 “Order from chaos: A meta¬analysis...”) appear to include
unintended characters or formatting marks (possibly artifacts from copy-pasting)
Other:

Originality 4 (above average)
Technical 5 (excellent)
Methodology 4 (above average)
Readability 3 (average)
Practicability 4 (above average)
Organization 5 (excellent)
Importance 4 (above average)

Attachment from reviewer:
-

Please login into application https://ijtech.eng.ui.ac.id/login for more detail.

You must respond to this revise and resubmit request before 17 Jul 2025, after which point we will
presume that you have withdrawn your submission from International Journal of Technology (IJTech)
Online System.

Yours sincerely,

Prof. Dr. Yudan Whulanza
Editor in Chief
International Journal of Technology (IJTech)
p-ISSN : 2086-9614
e-ISSN 2087-2100
https://ijtech.eng.ui.ac.id/

IJTech is currently indexed in SCOPUS and Emerging Sources Citation Index (ESCI) Thomson Reuters
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List of Changes 

Manuscript: Enhancing Product–Service Systems’ Green Competitive Performance through a Dynamic     

Capabilities Lens 

 

Response and Revision made by Author(s) 

Reviewer #1: 

No Comments Revision/Changes 

1 Introduction: 
The objective is to investigate the 
relationship of organizational learning 
development (OLD), supply chain 
integration (SCI), supply chain 
digitalization (SCD), supply chain agility 
and resilience (SCAR), green supply chain 
(GSC) and PSS green competitive 
performance (PSSGCP). 
1. The introduction and literature 
review/theory must be reconstructed and 
reduce. this section is too long and not 
easy to understood. 
2. what has been done? 
3. what is the newest and improvement 
from this study? 
4. add the real impact and advantages that 
related with enhancing the Product–
Service Systems green competitive 
performance? 

Yes, we have thoroughly considered all your 
suggestions.  
 

1. The introduction and literature 
review sections have been revised 
and streamlined to enhance clarity, 
coherence, and readability. 
Redundant explanations have been 
removed, and the content has been 
restructured for a more logical flow. 
The first paragraph presents an 
overview of Product-Service 
Systems (PSS), tracing its evolution 
and conceptual development. The 
second paragraph contextualizes 
the increasing prevalence of 
business disruptions and 
underscores the necessity for 
organizational agility and resilience 
as strategic responses. The third 
paragraph defines the constructs of 
supply chain agility and resilience, 
setting the foundation for 
subsequent discussion. The fourth 
paragraph highlights the critical 
need to integrate environmental 
awareness into corporate 
performance strategies, especially 
in the face of sustainability 
pressures. The fifth paragraph 
identifies a notable research gap, 
namely the insufficient integration 
of environmental sustainability, 
agility, and resilience within the PSS 
framework. The sixth paragraph 
delineates the research questions 
and articulates the intended 
contributions of the study to both 
academic scholarship and 
managerial practice. Finally, the 
seventh paragraph is dedicated to 
contribution statement 
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(Introduction section has been re-
arranged).  

 
2. The study clearly outlines what has 

been done, namely the 
investigation of the 
interrelationships among OLD, SCI, 
SCD, SCAR, GSC, and their impacts 
on PSS Green Competitive 
Performance (PSSGCP) (final 
paragraph in the Introduction 
section). 

 
3. The novelty and improvements of 

this study lie in the integration of 
green supply chain practices and 
supply chain agility, resilience 
within the PSS context, which has 
not been extensively explored in 
previous literature. Additionally, it 
introduces a comprehensive 
framework incorporating critical 
supply chain capabilities to 
enhance PSSGCP (final paragraph 
in the Introduction section). 

 
4. The study also highlights the 

practical impacts and advantages of 
enhancing PSSGCP, including 
improved environmental 
performance, operational flexibility, 
and competitive advantage—
especially relevant for industries 
facing volatile markets and 
sustainability pressures (final 
paragraph in the Introduction 
section). 
 

2 Methodology: 
1. this section is not clear. 
2. add materials (if any) and how to 
identify them 
3. authors have to inform and explain the 
detail related the step and process to 
enhance the Product–Service Systems 
green competitive performance 
4. add scheme for illustration the method 
and or process 

Yes, we have already addressed all your 
suggestions in the current version of the 
manuscript. The methodology section has 
been clearly structured and includes: 

1. A detailed explanation of the 
materials and survey development 
process, carried out in five stages, 
as recommended in prior literature 
(Lewis, Templeton & Byrd, 2005). 

2. Clear descriptions of the 
constructs, item counts, 
measurement scale (6-point Likert 
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scale), and definitions, all of which 
are provided in the main text and 
summarized in Table 2. 

3. A comprehensive explanation of 
the steps taken to enhance PSS 
Green Competitive Performance 
(PSSGCP) through the integration 
of OLD, SCI, SCD, SCAR, and GSC 
constructs. 

4. A summary of the sampling 
process, distribution methods, 
response rate, and participant 
profile, as well as non-response 
bias testing using Levene’s test and 
t-tests. 

5. Additionally, a schematic diagram 
(Figure 1) has been included to 
illustrate the research process, 
ensuring clarity and enhancing the 
reader's understanding of the 
methodological framework. 

We trust these additions and clarifications 
improve the rigor and transparency of the 
methodology section. 

 

3 Results and Discussion: 
1. revise the legend caption for Table 1. 
2. simplify the domain of constructs and 
items in Table 2 (if possible) 
3. authors have to discuss more related 
the factor loading data from Table 2. 
4. table 2 is too long, please revise it and 
add cont. if one page is not enough 
5. Revise the legend caption in Figure 1 
6. discuss and add more refs related the 
impact and advantages by enhancing the 
Product–Service Systems green 
competitive performance 

All six points have been carefully revised 
and addressed as follows: 

1. The legend caption for Table 1 has 
been revised to clearly describe the 
contents of the table: domain of 
constructs 

2. The content of Table 2 remains 
unchanged, as all listed domains 
and items are essential for the 
analysis and subsequent discussion. 

3. A detailed discussion of the factor 
loading data from Table 2 has been 
added, emphasizing the strength of 
item loadings, justification for 
retaining or removing items, and 
the implications for construct 
validity (It has been added in the 
first paragraph of Discussion 
section).  

4. While the table could not be 
condensed, pagination 
improvements were made by 
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adding clear section headers when 
the table extends across pages. 

5. The legend caption for Figure 1 has 
been revised to provide a more 
informative description of the 
structural model findings.  

6. A more comprehensive discussion 
has been added regarding the 
impact and advantages of 
enhancing Product–Service 
Systems green competitive 
performance, supported by recent 
and relevant literature. This 
includes environmental benefits, 
increased customer value, 
innovation opportunities, and long-
term sustainability advantages (It 
has been added in the second 
paragraph of Discussion section).  

4 References: 
1. update for old refs such asBagozzi, 
Yi & Phillips 1991 
2. make sure the cited refs more than 36 
refs including at least 5 refs from IJtech. 

All issues have been fixed. The outdated 
reference to Bagozzi, Yi & Phillips (1991) 
has been updated with more recent 
literature, and the reference list has been 
expanded to include more than 70 
citations, including at least 5 references 
from IJTech (International Journal of 
Technology) as required. 

5 Other: 
1. Graphical abstract is not accepted. this 
image is like a poster, too many 
text/paragraphs 
2. revise the title, currently this title is not 
focus and too broad. 
3. abstract must be re-written, currently 
the objective, method, variable and how 
to identify it, significant finding are not 
clear. 
4. add quantitative parameters and or 
results (if any) in the abstract section. 
5. Conclusion section is too long and too 
many paragraphs. this section must be 
only contain one paragraph and add 
specific future work 

Thank you for your valuable feedback. We 
have carefully revised the manuscript and 
addressed all the points raised: 

1. Graphical Abstract: The previous 
image has been replaced with a 
new graphical abstract that follows 
the journal guidelines—minimal 
text, clear visuals, and concise 
representation of the study’s 
objective and findings. 

2. Title: The title has been revised to 
better reflect the core focus and 
scope of the study. 

3. Abstract: The abstract has been 
completely rewritten to clearly 
present the objective, research 
method, variables, and the 
approach used to identify them. 
Significant findings are now also 
clearly stated. 

4. Quantitative Parameters: Thank 
you for your suggestion. However, 
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it cannot be added due to the 
word limit in the abstract. Detailed 
information on quantitative 
parameters and statistical results 
has been thoroughly presented in 
the results and discussion sections 
of the paper. 

5. Conclusion Section: The conclusion 
has been revised into a single, 
concise paragraph that summarizes 
the key findings and includes a 
clear statement regarding future 
work. 

We hope these revisions meet the journal’s 
standards and improve the clarity and 
impact of our manuscript. Thank you again 
for your constructive suggestions. 

 

 

 

Reviewer #2: 

No Comments  Actions by the authors 

1 1. Clarity and Structure: 
The section would benefit from improved 
coherence and paragraph organization. At 
present, some transitions between ideas 
(e.g., from PSS to SCAR to environmental 
awareness) feel abrupt. Consider grouping 
themes more logically (e.g., PSS evolution ? 
disruptions ? SCAR ? green pressure ? 
research gap). 
Consider integrating Figure 1 (if exists) or 
visual aid to support the proposed model in 
the introduction for early clarity. 

Revised. The authors appreciate the advice by 
the reviewer.  
We have addressed this now with significantly 
changes in the introduction section.  
The introduction section of this study has been 
systematically restructured to enhance clarity 
and coherence. The first paragraph presents an 
overview of Product-Service Systems (PSS), 
tracing its evolution and conceptual 
development. The second paragraph 
contextualizes the increasing prevalence of 
business disruptions and underscores the 
necessity for organizational agility and 
resilience as strategic responses. The third 
paragraph defines the constructs of supply 
chain agility and resilience, setting the 
foundation for subsequent discussion. The 
fourth paragraph highlights the critical need to 
integrate environmental awareness into 
corporate performance strategies, especially in 
the face of sustainability pressures. The fifth 
paragraph identifies a notable research gap, 
namely the insufficient integration of 
environmental sustainability, agility, and 
resilience within the PSS framework. The sixth 
paragraph delineates the research questions 
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and articulates the intended contributions of 
the study to both academic scholarship and 
managerial practice. Finally, the seventh 
paragraph is dedicated to contribution 
statement.  

2 2. Terminology Precision: 
The acronym "SCAR" is introduced (Supply 
Chain Agility and Resilience) but should be 
explicitly defined when first mentioned for 
clarity. 
Some terms (e.g., PSSGCP, OLD, SCI, SCD) 
are introduced without sufficient initial 
explanation. Consider briefly defining these 
in the Introduction instead of waiting until 
the theoretical framework section. 

Has been added to the Introduction section.   
The term SCAR, along with its definition and 
acronym, is introduced in Paragraph 3; the term 
GSC is introduced in Paragraph 4 to ensure 
conceptual clarity. Furthermore, key constructs 
such as PSSGCP (Product-Service System Green 
Competitive Performance), OLD (Organizational 
Learning and Development), SCI (Supply Chain 
Integration), and SCD (Supply Chain Design) are 
explicitly defined in Paragraph 5 to provide a 
clear foundation for the study’s analytical 
framework. 
 

3 3. Literature Support: 
While the section cites several relevant 
studies, the referencing can be enhanced in 
two ways: 
More recent references: Incorporate more 
2023–2024 publications to demonstrate the 
current relevance of the research problem. 
Balanced citations: Some citations (e.g., 
Gligor et al. 2019) are repeated frequently. 
Consider diversifying sources for 
agility/resilience constructs. 

 Yes, we have carefully considered your 
suggestions. In response, we have incorporated 
several more recent references from 2023–
2025 to ensure the current relevance of the 
research problem and theoretical foundation. 
Additionally, we have taken steps to diversify 
the citations related to the agility and resilience 
constructs by including alternative and 
complementary sources, thereby reducing 
overreliance on a single author (e.g., Gligor et 
al., 2019). These enhancements strengthen the 
theoretical depth and contemporaneity of the 
literature review. 

4 4. Language and Style: 
The writing requires editing for grammar, 
sentence structure, and clarity. For 
example: 
Line 35: "This trend is called PSS, is an 
innovation offering..." – awkward and 
grammatically incorrect. Consider revising 
to: “This trend, known as Product-Service 
Systems (PSS), represents an innovation 
aimed at…” 
Line 45: “Those disruptions asked for 
changing of the business as usual” – 
consider revising to: “These disruptions 
necessitated a departure from business-as-
usual practices.” 

Yes, we have carefully considered your 
suggestion. The manuscript has been 
thoroughly revised to improve grammar, 
sentence structure, and overall clarity. These 
revisions were made to ensure that the writing 
is more precise, coherent, and aligned with 
academic standards. 

 5. Contribution Statement: 
While the research questions are clearly 
articulated, the novelty and contribution of 
the paper could be made more explicit. 
Consider adding a dedicated paragraph 

A dedicated concluding statement that 
summarizes the novelty, differentiation, and 
timeliness of the study has been added in 
Paragraph 7.  
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summarizing: 
What exactly is new in this study? 
How it differs from past work on PSS or 
SCAR? 
Why this study matters now? 

 6. Contextual Relevance: 
The authors mention motorcycle supply 
chains in later sections but not in the 
introduction. A brief mention of the specific 
industrial context at the end of the 
introduction would help frame the study 
better. 

The contextual relevance of the motorcycle 
supply chain as the empirical setting for this 
research is articulated in Paragraph 7. 

 Methodology: 
The methodology section demonstrates a 
thorough and systematic approach to 
survey design, data collection, and 
preliminary analysis. The authors clearly 
explain the multi-stage instrument 
development process, sampling strategy, 
and response handling, contributing to the 
transparency and replicability of the 
research. 
1. Survey Instrument Details: 
o Although the constructs and item counts 
are listed (e.g., OLD, SCI, SCAR), the specific 
nature of the items (e.g., sample questions, 
scale format) is missing. Including a 
supplementary appendix with the full 
questionnaire or item examples would 
improve transparency and facilitate 
replication. 
o The Likert scale used (e.g., 5-point, 7-
point) should be explicitly stated in this 
section rather than assumed. 

Yes, we have already considered all your 
suggestions. The full questionnaire has been 
included as an appendix to enhance 
transparency and replicability, and the 
methodology section now explicitly states that 
all items were measured on a 6-point Likert 
scale (0=strongly disagree, 1=disagree, 2= 
somewhat disagree, 3=somewhat agree, 4= 
agree and 5=strongly agree). 

 2. Construct Justification and 
Operationalization: 
o While the six constructs are referenced, 
brief operational definitions (not just 
acronyms) should be provided here. For 
instance, explain what “PSSGCP” or “OLD” 
refers to conceptually, not just that they 
have “x” number of items. 
o Also, consider citing the sources from 
which the items were adapted or whether 
they were newly developed. 

Yes, we have fully considered all your 
suggestions. Brief operational definitions for 
all six constructs—OLD, SCI, SCD, SCAR, GSC, 
and PSSGCP—have been provided in Table 2, 
and a corresponding reference has been added 
in the methodology section directing readers 
to see Table 2 for construct definitions. 
Additionally, the sources from which the 
items were adapted or whether they were 
newly developed have also been clearly cited 
in Table 2 to ensure transparency and 
traceability of the measurement items. 

 3. Statistical Power and Item Retention 
Justification: 
o Although item retention was based on 
power analysis and p-values, further detail 
could be added about how power was 

Yes, we have considered your suggestion. 
Although AMOS does not provide a built-in tool 
for power analysis, the adequacy of the sample 
size was assessed based on established 
guidelines for Structural Equation Modeling 
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calculated (e.g., using which software, 
assumptions about effect size). 
o It may also be useful to report internal 
consistency measures (e.g., Cronbach’s 
alpha) for each construct, either here or in 
the next section. 

(SEM). According to Hair et al. (2010), a 
minimum sample size of 200 is generally 
considered sufficient for models with several 
latent constructs and observed indicators using 
Maximum Likelihood Estimation (MLE). Our 
study involves 6 constructs and 37 
measurement items, and with a final sample 
size of 502 respondents, the model satisfies and 
significantly exceeds this threshold. Therefore, 
the study has adequate statistical power to 
detect meaningful effects and support reliable 
parameter estimation. Additionally, Cronbach’s 
alpha values for each construct have been 
reported in Table 2 to demonstrate internal 
consistency and reliability. 

 4. Ethical Considerations: 
o The manuscript should include a 
statement about ethical approval or 
informed consent procedures, particularly 
since human subjects were involved in the 
survey. For example, was participation 
voluntary? Was anonymity or 
confidentiality assured? 

Yes, we have already addressed this concern. 
Informed consent was obtained at the 
beginning of the questionnaire. Participation in 
the survey was entirely voluntary, and 
respondents were clearly informed that their 
responses would be used exclusively for 
research purposes. A consent statement was 
included, indicating that by selecting “Yes,” 
participants agreed to take part in the study. 
Furthermore, anonymity and confidentiality 
were assured, as no personal or identifying 
information was collected. The consent 
statement in the questionnaire reads as 
follows: 

“Choosing ‘Yes’ indicates your consent to 
participate in this survey. Your responses will 
be used exclusively for research and may 
appear in academic outputs such as journal 
articles and conference presentations. All data 
will be collected anonymously and kept strictly 
confidential. If you would like a summary of the 
study’s findings, please contact the researcher 
at dianretnosd@ukwms.ac.id.” 

 
 5. Clarity and Writing Style: 

o Minor grammatical and stylistic revisions 
would enhance readability. For instance: 
? Line 235: “to assess the hypothesis” ? “to 
test the proposed hypotheses” 
? Line 243: “clearly specifying the 
purpose” ? “and specifying the 
measurement objectives” 
? Line 270: “only completed the initial part 
of the questionnaire” ? consider specifying 

I truly appreciate your feedback on the minor 
grammar corrections—I’ve revised the text as 
advised and marked my changes in yellow 
highlights. 
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that these were incomplete and excluded 
from the analysis. 

 6. Sample Distribution Bias: 
While the dominance of one brand (75.3%) 
is noted and explained, the authors should 
briefly discuss any potential implications 
this concentration may have on the 
generalizability or balance of findings. 

Thank you for your observation. We 
acknowledge that 75.3% of the sample is 
concentrated on one motorcycle brand, which 
reflects the actual market dominance of this 
brand within the Indonesian motorcycle 
industry. This concentration may introduce 
some limitations in terms of generalizability, 
particularly when interpreting results across 
brands with significantly different market 
positions or operational practices. However, the 
dominance also provides valuable insight into 
the practices of the industry leader, which can 
serve as a benchmark for other brands. This 
limitation has now been acknowledged and 
discussed in the revised limitations section of 
the manuscript to maintain transparency and 
guide future comparative research across more 
balanced brand representations. 

 Results and Discussion: 
The Results and Discussion section presents 
a comprehensive and methodologically 
rigorous analysis, effectively combining EFA, 
CFA, reliability assessment, and structural 
equation modeling to validate the 
constructs and test the proposed 
hypotheses. The use of both SPSS and 
AMOS demonstrates methodological 
robustness, and the reported goodness-of-
fit indices meet conventional thresholds, 
lending strong support to the validity and 
reliability of the measurement and 
structural models. 
Areas for Improvement: 
1. Interpretation Depth: While results are 
clearly presented, the discussion could be 
further strengthened by offering more in-
depth interpretation of why certain paths 
are significant or non-significant. For 
example, the non-significance of SCI ? GSC 
warrants a deeper industry-specific or 
theoretical explanation. 

Thank you for your valuable feedback. The 
suggested improvement regarding the need for 
deeper interpretation of the non-significant 
path between SCI and GSC has been addressed. 
A more in-depth explanation, including 
industry-specific and theoretical perspectives, 
has been added to Paragraph 4 in the 
Discussion section to strengthen the 
interpretation and contextual relevance of the 
findings. 

 

 2. Theoretical Integration: Although 
relevant references are cited, the 
integration of findings with the broader 
theoretical frameworks (e.g., Resource-
Based View, Dynamic Capabilities) could 
enrich the discussion and clarify how this 
study advances current theory. 

This suggestion has been added to the final 
paragraph in the discussion section, where the 
findings are integrated with Dynamic 
Capabilities theory to clarify how the study 
advances existing theory. 
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 3. Generalizability and Context: The results 
seem industry-specific (e.g., motorcycle 
industry), but the discussion does not 
explicitly address the contextual limitations 
or implications for other sectors. Consider 
acknowledging this and suggesting 
directions for replication or comparative 
analysis. 

This suggestion has been added as a limitation 
of the research in the conclusion section, 
where the industry-specific context of the 
motorcycle sector is acknowledged and 
directions for future replication or comparative 
studies in other sectors are suggested. 

 
 4. Mediation Effects: The suggestion that 

SCD mediates the relationship between SCI 
and GSC is insightful. However, this 
potential mediating effect is not formally 
tested (e.g., via bootstrapping or Sobel 
test). Consider including a mediation 
analysis or clearly stating that it is a 
theoretical implication rather than a tested 
effect. 

Thank you for the insightful comment. The 
mediation effect has been formally tested using 
bias-corrected bootstrapping with 2,000 
samples, and the results are presented in Table 
3.  

 5. Typographical Issues: Minor language 
inconsistencies (e.g., "and positively 
influence" repeated) and formatting errors 
(e.g., missing punctuation or spaces) in the 
discussion section reduce professionalism 
and should be corrected before publication. 
With minor revisions to deepen the 
interpretation and clarify theoretical 
contributions, this section can make a 
valuable addition to the literature on green 
supply chains and competitive performance 
in PSS contexts. 

This has already been fixed. All typographical 
and formatting issues in the discussion section, 
including repeated phrases and missing 
punctuation or spaces, have been carefully 
corrected to ensure clarity and professionalism. 

 References: 
The References section is generally 
comprehensive and reflects a strong 
engagement with contemporary and high-
quality literature in the fields of supply 
chain management, sustainability, digital 
transformation, and agility. The inclusion of 
peer-reviewed sources from reputable 
journals (e.g., Journal of Cleaner 
Production, International Journal of 
Production Economics, Technovation, 
Annals of Operations Research) significantly 
strengthens the scholarly rigor of the work. 
However, there are a few issues that 
require attention to improve consistency, 
accuracy, and adherence to citation 
formatting standards: 
1. Consistency in Formatting: 
-Ensure uniform formatting of journal titles 
(e.g., some are italicized while others are 
not) and page numbers. 
-Abbreviations such as “vol.” and “no.” 

Thank you for your constructive feedback on 
the References section. We have carefully 
reviewed and revised the entire reference list 
to address the issues raised. Specifically: 

1. Consistency in Formatting: 
o Journal titles, article titles, 

volume, issue numbers, and 
page ranges have been 
standardized following the 
required citation style. 

o Sentence case has been applied 
consistently to article titles. 

o Abbreviations such as "vol." 
and "no." are now used 
uniformly across entries. 

2. Missing Information and 
Inconsistencies: 

o Missing volume, issue 
numbers, page ranges, and 
DOIs have been added where 
applicable. 
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should be used consistently across all 
entries. 
-Capitalization of article titles should follow 
a consistent style, preferably sentence case 
(only the first word and proper nouns 
capitalized), unless another standard is 
specified. 
2. Missing Information and Inconsistencies: 
-Some entries are missing critical details 
such as issue numbers, volume numbers, or 
page ranges (e.g., line 482: Journal of Asian 
Development Studies – no page numbers or 
DOI). 
-Multiple DOIs are listed for the same entry 
(e.g., line 521: Dewi & Hermanto 2022 – 
duplicate DOI). 
-One DOI appears to be malformed or 
incomplete (e.g., line 470: 
“DOI:0.1080/13675567.2021.1972949” 
lacks the "https://" prefix). 
-Author names with inconsistent ordering 
or initials (e.g., “Amine Balambo, M” vs. 
“Chiappetta Jabbour, CJ” vs. “Jabeen, F”). 
3. Redundancy and Overrepresentation: 
-There is notable repetition of certain 
authors (e.g., DRS Dewi, YB Hermanto) with 
multiple entries in a short span, which may 
indicate overreliance on a narrow segment 
of literature. Consider diversifying the 
sources to ensure broader representation 
of global perspectives. 
-Several articles by the same authors in the 
same journal/year (e.g., Dewi & Hermanto 
2022, 2023, 2024 in IJSDP) may benefit 
from justification of their distinct 
contributions within the main text. 
4. Minor Typographical Errors: 
-Line breaks within article titles (e.g., line 
471 “Order from chaos: A meta¬analysis...”) 
appear to include unintended characters or 
formatting marks (possibly artifacts from 
copy-pasting) 
Other: 

o Duplicate and malformed DOIs 
have been corrected or 
removed. 

o Author name formats have 
been standardized, ensuring 
consistent use of initials and 
surname order. 

3. Redundancy and Overrepresentation: 
o We have reviewed and, where 

necessary, reduced repeated 
entries by the same authors to 
avoid overrepresentation. 

o For retained entries with the 
same author(s) across years, 
we have ensured each has a 
distinct and justified 
contribution to the manuscript. 

o The repeated references to 
certain authors (e.g., DRS Dewi, 
YB Hermanto) within a short 
span have been carefully 
reviewed and deleted where 
appropriate to ensure a more 
diverse and representative 
citation base. 

o The multiple articles by the 
same authors in the same 
journal and year (e.g., Dewi & 
Hermanto 2022, 2023, 2024 in 
IJSDP) have been reviewed and 
deleted to avoid redundancy 
and overrepresentation. We 
have ensured a more balanced 
and diverse set of references in 
the revised manuscript. 

4. Typographical Errors: 
o All typographical issues, such as 

line breaks and formatting 
artifacts within titles, have 
been corrected to ensure clean 
and accurate citations. 

We believe these improvements enhance the 
clarity, consistency, and scholarly quality of the 
References section. Thank you once again for 
your helpful suggestions. 
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Abstract: Incorporating environmental awareness into business operations while maintaining 11 

competitive performance presents a significant challenge. To address this, many companies are 12 

enhancing their offerings by integrating services with products—a strategy known as Product–13 

Service Systems (PSS). This innovation aims to boost competitiveness and foster environmental 14 

consciousness. However, although PSS is recognized as a valuable approach for staying competitive, 15 

the interplay between PSS and its influencing capabilities remains insufficiently explored in current 16 

literature. This study examines the relationships among Organizational Learning Development 17 

(OLD), Supply Chain Integration (SCI), Supply Chain Digitalization (SCD), Supply Chain Agility and 18 

Resilience (SCAR), Green Supply Chain (GSC), and Product–Service Systems’ Green Competitive 19 

Performance (PSSGCP). Data were gathered through a structured survey involving 502 official 20 

motorcycle service partners in Indonesia and analyzed using Structural Equation Modelling (SEM). 21 

The results confirm significant positive relationships between GSC and PSSGCP, and between SCAR 22 

and PSSGCP. Moreover, OLD, SCI, and SCD each positively influence SCAR, while only OLD and 23 

SCD show direct positive effects on GSC. The analysis also reveals that OLD positively influences 24 

SCI, which subsequently impacts SCD—indicating that SCI’s influence on GSC is mediated through 25 

SCD. These findings provide practical and theoretical insights, enabling managers and researchers to 26 

better align green and competitive performance goals. Furthermore, managers can assess the 27 

standardized loadings to evaluate the contribution of each capability to enhancing PSSGCP. 28 

Keywords: Agile supply chain; Green competitive performance; Green supply chain; 29 

Product–service systems; Supply chain resilience 30 

 31 

1. Introduction 32 

Companies in the manufacturing sector, once solely dedicated to product manufacturing, are 33 

now embracing services as an integral part of their business strategy. This trend, known as Product-34 

Service Systems (PSS), represents an innovative approach adopted by firms to remain competitive 35 

and effectively meet evolving customer expectations. With environmental awareness taking 36 

precedence, PSS, initially defined as the integrated bundling of products and services to create 37 

value-added products and boost customer satisfaction (Beuren, Ferreira & Miguel 2013), is being 38 

redefined. The PSS definition now includes the producer's responsibility for the product at its end 39 
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of life. PSS is perceived as an innovative bundling of products and services, aiming to offer not just 40 

a product but also services throughout the product’s life cycle to maintain environmental 41 

sustainability (Annarelli, Battistella & Nonino 2016).  42 

In recent times, various disruptions, including natural disasters, the COVID-19 pandemic, fierce 43 

competition in the business landscape, distribution failures, and other unforeseen events, have 44 

caused interruptions. These disruptions necessitated a departure from business-as-usual practices. 45 

The characteristics such as flexibility, speed, innovations and responsiveness are required in the 46 

erratic condition such as nowadays (Al-Omoush, Palacios-Marqués & Ulrich 2022; Ashari et al. 47 

2018). Hence, the agility and resilience of supply chain (SC) guide the companies in the SC to be 48 

operated as stable and normal mode when disruptions occur (Kazancoglu et al. 2022).  49 

To address these challenges, the concepts of supply chain agility and resilience—collectively 50 

referred to in this study as Supply Chain Agility and Resilience (SCAR)—have gained prominence. 51 

While both share overlapping characteristics such as speed, flexibility, and responsiveness, they 52 

serve distinct purposes. Agility focuses on swiftly responding to market changes and consumer 53 

needs, whereas resilience emphasizes the ability to absorb shocks and maintain continuity (Gligor 54 

et al. 2019). Given their common objective of improving supply chain performance, this study uses 55 

the integrated term SCAR to reflect their complementary roles. 56 

However, agility and resilience alone are insufficient for long-term sustainability. In today’s 57 

context, environmental awareness must also be incorporated into corporate strategies (Singh, 58 

Hamid & Garza-Reyes 2023). Without active engagement in environmental stewardship, the 59 

degradation of natural resources could threaten supply continuity, particularly raw materials 60 

critical to manufacturing operations. In response, companies are increasingly facing pressure from 61 

governments, stakeholders, and society to comply with environmental standards and reduce 62 

negative ecological impacts (Abdallah et al. 2024). This pressure makes Green Supply Chain (GSC) 63 

practices essential. 64 

Despite the recognized importance of environmental consciousness and supply chain agility and 65 

resilience, their integration within the PSS context remains underexplored (Ghaderi et al. 2024; 66 

Ivanov 2022). While PSS has been widely studied—primarily from a consumer service and 67 

innovation perspective (Sassanelli & Pacheco 2024; Soellner et al. 2024)—there is a notable gap in 68 

understanding the supply chain capabilities required to simultaneously support both Green Supply 69 

Chain practices and Supply Chain Agility and Resilience. Existing literature tends to focus on 70 

upstream supply chain elements, emphasizing consumer-centric innovation, while overlooking 71 

critical operational aspects such as logistics management, supply chain integration, and the capacity 72 

development of weaker partners within the network. Addressing this research gap, this study 73 

investigates the PSS supply chain capabilities—namely, Organizational Learning Development 74 

(OLD), Supply Chain Integration (SCI), and Supply Chain Digitalization (SCD)—that are essential 75 

to strengthening both GSC and SCAR, thereby enhancing PSS Green Competitive Performance 76 

(PSSGCP). 77 

Addressing the weaknesses in the current body of knowledge, this study investigates three gaps 78 

which constitute the research questions of this study are as follows (1) What is the relationship 79 

between GSC and PSSGCP, as well as SCAR and PSSGCP? (2) What are the PSS SC capabilities 80 

(OLD, SCI and SCD) affecting the GSC and SCAR? (3) What is the relationship between OLD and 81 

SCI, as well as between SCI and SCD? 82 

This study offers a novel contribution by integrating GSC practices and SCAR within the context 83 

of PSS—an intersection that has remained underexplored in existing literature. Unlike prior research 84 

that predominantly centers on the upstream, consumer-facing dimensions of PSS, this study 85 

emphasizes SC capabilities—specifically OLD, SCI, and SCD—as critical enablers for both 86 

environmental sustainability and operational adaptability. By proposing and empirically examining 87 

the role of these capabilities in enhancing PSSGCP, this study establishes a comprehensive and 88 

integrative framework that differentiates itself from earlier fragmented approaches to either GSC 89 

and SCAR in isolation. The research is situated within the motorcycle industry supply chain, 90 
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providing a relevant and dynamic context characterized by high product complexity, competitive 91 

pressures, and increasing environmental expectations. The urgency and relevance of this research 92 

are further underscored by the growing frequency of global disruptions and increasing 93 

environmental pressures, which compel firms to rethink and restructure their SC. As such, the 94 

findings not only contribute to the academic contributions but also offer practical insights for firms 95 

aiming to achieve sustainable and resilient competitive advantages in today’s volatile and 96 

sustainability-driven market landscape. 97 

2. Theoretical framework and hypotheses development 98 

The conceptual theoretical framework in this study is guided by the Dynamic Capabilities (DC) 99 

theory. The high pressure from stakeholders and the government for green and environmental 100 

awareness, along with the dynamic and erratic business environment with frequent disruptions 101 

after the pandemic; consequently, DC offers a well-suited theoretical grounding for this analysis. 102 

Likewise, the characteristics of the collaboration within SC to provide PSS requires theory that 103 

accommodates dynamic resources and capabilities that will grow within SC. For example, Paiola et 104 

al. (2013) confirmed that the development of capabilities within the SC network using DC includes 105 

customer orientation, PSS partnership, knowledge and technical expertise and risk control.  The DC 106 

was proposed by Teece, Pisano & Shuen (1997) highlighted the significance of continuous 107 

organizational learning and innovation.  108 

DC is defined as the capacity of the organization to constantly integrate, renew and reconfigure 109 

its resources and capabilities to respond to the changing environment to keep the competition (Teece 110 

2007). Moreover, DC is hard to be enhanced in solely company as they should be progressed 111 

together within the network (Defee & Fugate 2010). DC suits well to guide the proposed framework 112 

as the framework is developed for SC network. This research focuses on the motorcycle SC, aiming 113 

to deliver PSS. To accomplish this, the SC network in the motorcycle industry involves collaboration 114 

among manufacturers, intermediaries, and service partners. The term "main dealer" is better known 115 

among service partners as an intermediary of the manufacturer that bridges the development of DC 116 

within the network.  117 

In this study, OLD, SCI and SCD are considered as dynamic capabilities that should be created 118 

within a network, to be able to sense, seize and reconfigure internal and external resources to deal 119 

with rapid changing environment. In response to this challenge, GSC and SCAR are essential for 120 

navigating the unpredictable business environment. Specifically, GSC is crucial for sustaining long-121 

term performance improvements while preserving green resources needed for the future. 122 

 123 

2.1. PSSGCP 124 

Companies are struggling to find themselves and survive in the business competition, 125 

nowadays. Competitive performance is the result of a competitive advantage, indicating a 126 

company's ability to innovate and surpass its competitors (Kumar et al. 2024). As such, various 127 

performance indicators can be used, including product and service quality, delivery efficiency, 128 

flexibility, responsiveness, the ability to provide high levels of customer service and profit 129 

generation capability (Wiredu et al. 2024; Glukhov et al. 2023; Mohammadi & Mukhtar 2018). PSS 130 

offers a method to achieve differentiation by satisfying customers with not just high-quality 131 

products but also complementary services, thereby extending the lifespan of the products and 132 

supporting green initiatives.  133 

Along the way, the erratic conditions these days required agility and resilience, but to stay in a 134 

business for a long-term, the green concept must be added to it. The GSC is defined as a company's 135 

approach to achieving profits while considering the integration of environmental awareness, 136 

starting from product design, material selection, production, product delivery to consumers, and 137 

end-of-life product management, with the goal of reducing environmental impact (Hebaz, Oulfarsi 138 



4 
International Journal of Technology v(i) pp-pp (YYYY)  

 

 

 

& Eddine 2024). Hence, this study aims to identify the PSS SC capabilities required to improve the 139 

PSSGCP which focus on enhancing green, agility and resilience capabilities.  140 

 141 

2.2.  GSC 142 

GSC is defined as organizational philosophies to not only pursue economic advantage of 143 

business but also enhancing the green efficiency by minimizing environmental impact of industrial 144 

activities  (Gawusu et al. 2022). The green SC practices should cover all activities throughout the 145 

industrial process from purchasing, production, logistics, distribution and the product end of life 146 

(Bustinza, Vendrell-Herrero & Chiappetta Jabbour 2024; Suwignjo et al. 2023). PSS actually serves 147 

as part of the effort to extend the product lifespan by providing product maintenance services. The 148 

scope of GSC extends from reactive environmental control to proactive efforts such as refurbishing, 149 

reusing, reducing, recycling, and remanufacturing (de Oliveira et al. 2018). It is challenging to 150 

visualize how GSC practices relate to operational SC benefits. Novitasari and Agustia (2021) didn't 151 

discover a positive link between GSC and SC performance. PSSGCP merges SC performance with 152 

environmental considerations. Thus, to explore this association, below are the proposed hypotheses 153 

to be examined. 154 

H1.  GSC positively affects PSSGCP. 155 

 156 

2.3.  SCAR 157 

The terms agility and resilience share several similar characteristics, such as flexibility, speed, 158 

and responsiveness. Both aim to enhance SC performance, but there are slight differences between 159 

them (Sharma et al. 2024). SC agility is defined as the capability of SC to acknowledge effectively 160 

and promptly to the market changes, while resilience primarily focuses on how quickly the SC 161 

returns to its original state following a disruption, agility emphasizes how swiftly the SC adapts to 162 

meet consumer demands (Kumar & Singh 2025). Therefore, this study employs the terms agility and 163 

resilience interchangeably. SC agility has been identified as a factor contributing to enhanced 164 

competitiveness and is characterized by responsiveness, innovation, swiftness, and flexibility                165 

(Aslam et al., 2024; Raj et al., 2023). SC agility also represents the firm’s dynamic capabilities as its 166 

capabilities to sense, seize and reconfigure firm and SC resources (Dubey et al. 2018). Capabilities 167 

required for resilience are capabilities to face disruptions, hinder shock, quickly recover to the 168 

original state, speed and flexibility which is similar to agility (Gligor et al. 2019). Many studies in 169 

SC showed that there is a positive relationship between SC agility and resilience to improved firm’s 170 

performances (Mahesh, Srivastava & Muthappa 2024). Therefore, it is hypothesized that SCAR are 171 

positively related to PSSGCP. 172 

   H2. SCAR positively affects PSSGCP. 173 

 174 

2.4.  OLD 175 

OLD is defined as a dynamic process that involves creating and transferring new knowledge 176 

aiming for improving the SC capabilities; it confirmed four components to support the inter-firm 177 

organizational learning process: commitment to learning, shared vision, a willingness to consider 178 

diverse ideas and knowledge sharing (Dovbischuk 2022). Gaining knowledge through collaboration 179 

between two or more parties for long-term relationships improves firms’ performances and 180 

resilience (Eryarsoy et al. 2022). Firms that ignore prioritizing OLD have found their response to the 181 

firm performance limited as DC for OLD accumulates gradually through consistent repetition  182 

(Pratono et al. 2019). 183 

Considered as strategic capabilities, continual OLD is crucial for achieving firm’s performance 184 

such as being green, agile and resilient (Eryarsoy et al. 2022), as well as improving the SCI. In this 185 

study, it is evident that motorcycle manufacturers lack the capability to deliver PSS independently 186 

(Dewi & Hermanto 2024). This underscores the necessity for strategic partnerships with the 187 

intermediaries and service providers (Dewi et al. 2024). Manufacturers share expertise to boost OLD 188 

among their service partners. This learning can be facilitated through various mechanisms such as 189 
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training sessions, meetings, face-to-face discussions, technical performance reviews and annual 190 

audits (Dewi & Hermanto 2024). These initiatives aim to enhance the technical skills and 191 

performance of partners, making them more agile and resilient in their tasks (Dewi et al. 2024). 192 

Likewise, OLD has shown to serve as a positive moderator between the adoption of eco-friendly 193 

materials and the prolongation of product lifespan, leading to improved GSC (Yang et al. 2024). 194 

Hence, it is essential in this research to verify if there is a direct positive correlation between OLD 195 

and GSC. Given the description provided, the following hypothesis is proposed. 196 

   H3a. OLD positively affects GSC. 197 

   H3b. OLD positively affects SCAR. 198 

   H6. OLD positively affects SCI. 199 

 200 

2.5.  SCI  201 

The capabilities to integrate within firm and network is stressed by many SC research studies; in 202 

fact, those studies highlighted the significant role of SCI in GSC (Pham & Pham 2021), as well as SCI 203 

in SCAR  (Abdelilah et al. 2023; Shukor et al. 2021). SCI involves enduring alignment between SC 204 

participants throughout all functions, featuring integrated planning and mutual decision processes. 205 

(Jajja, Chatha & Farooq 2018; Abdulameer, Ibrahim & Yaacob 2020). It is not adequate for a firm to 206 

integrate only the internal function within an enterprise but also it is required to integrate all 207 

functions within the SC network (Jajja, Chatha & Farooq 2018). The SC integration process may 208 

involve all areas that are required as a business process in the SC, has three entities: process 209 

integration, supplier integration and customer integration (Shukor et al. 2021).   210 

PSS is one way to extend the product life cycle by providing a bundle of product and service 211 

(Dewi et al. 2023). Collaboration among manufacturers, intermediaries and service partners to 212 

provide PSS is crucial, as well as the same vision to be green in their SCI. Process integration enables 213 

all stakeholders in the supply chain to access the database through unified information systems 214 

(Dadzie et al. 2023). SCI can be viewed as DC, essential for adapting to business and environmental 215 

changes and it also has a positive impact on SCD (Arif, Shah & Khan 2023). Strong relationships 216 

with service partners enable essential capabilities to scan, seize, and reconfigure resources, allowing 217 

the company to effectively respond to changing customer expectations (Cui et al. 2023). In the 218 

motorcycle industry context, service partner suppliers can assist to the customer demand changes 219 

as they have direct contact with customers (Dewi & Hermanto 2023). These coordinated efforts 220 

should improve the utilization of resources and finally impact the SC performance. Then we 221 

propose the following hypotheses.  222 

   H4a. SCI positively affects GSC. 223 

   H4b. SCI positively affects SCAR. 224 

   H7. SCI positively affects SCD. 225 

 226 

2.6.  SCD 227 

Digitalization is defined as transformation of business routines from traditional systems to 228 

digital systems (Tiwari, Sharma & Jha 2024). Digitalization potentially enables the management and 229 

surveillance of energy consumption and waste (Wang et al. 2023). For instance, manual 230 

communication processes that formerly relied on paperwork can now be substituted with digital 231 

systems. Likewise, communication within SC, like interactions between manufacturers, 232 

intermediaries and service partners, demands considerable effort when executed manually, 233 

resulting in waste and slow process (Oubrahim, Sefiani & Happonen 2023).  234 

Digitalization is one way to resolve and arrange data better than manual (Le et al. 2024). Related 235 

to inventory management, digital technology is mostly utilized to manage physical and virtual 236 

inventory in real time to reduce cost of inventory management, thus can quickly make decisions in 237 

real time, preventing faults, also if there is disruption and needs swift changes (Mashayekhy et al. 238 

2022). Besides that, digitalization also ensures tractability, offers monitoring and controlling 239 

(Behnke & Janssen 2020). Also in the case of customer preferences, SCD can predict customer 240 
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behaviour changes and to swiftly respond to match the customers’ expectations (Zhou et al. 2023).  241 

In general, it can be concluded that digitalization facilitates the integration of SC processes, thereby 242 

ensuring a quick response to any risks linked to the SC processes (resilience) as well as being 243 

responsive and agile. Hence, its implementation can enhance both the GSC and SCAR. As such, we 244 

propose the following hypothesis for further examination. 245 

   H5a. SCD positively affects GSC 246 

   H5b. SCD positively affects SCAR 247 

3. Methods 248 

The current section describes the study's methodological approach, where the sequence of 249 

research activities is depicted in Figure 1. 250 

3.1. Development of the instrument 251 

A structured survey was conducted as part of a quantitative analysis to test the proposed 252 

hypothesis, targeting certified motorcycle service partners across Indonesia. The questionnaire was 253 

developed through five stages, which will be explained in the following paragraphs. The 254 

questionnaire consists of two parts: the first part inquires about the demographic information of the 255 

participants and their companies with a total of ten questions. The second part focuses on the core 256 

of this research, which includes 37 questions about OLD (6 items), SCI (6 items), SCD (5 items), 257 

SCAR (7 items), GSC (6 items) and PSSGCP (7 items). To enhance transparency and support 258 

replicability, the questionnaire is provided in Appendix A. All items were measured using a 6-point 259 

Likert scale, where 0 = strongly disagree, 1 = disagree, 2 = somewhat disagree, 3 = somewhat agree, 260 

4 = agree, and 5 = strongly agree. Definitions and conceptual descriptions of each construct—OLD, 261 

SCI, SCD, SCAR, GSC, and PSSGCP—are presented in Table 2. 262 

The survey development process was carried out in five stages (Lewis, Templeton & Byrd 2005). 263 

The first stage involved defining the domain of each construct and specifying the measurement 264 

objectives. This required an extensive literature review to establish the six constructs. In the second 265 

stage, a list of items for each construct was developed to measure them accurately. This stage 266 

produced 37 items. The third stage was pre-testing, where four experts from academics and industry 267 

were recruited to assess the ease of use and clarity of the questionnaire. Based on their feedback, 268 

adjustments were made, including clarifying statements, removing ambiguous terms, and changing 269 

terminology for better understanding. The fourth stage involved pilot testing, where 10 participants 270 

from official service partners were recruited to provide feedback for refining the instrument. In the 271 

final stage, the interrater agreement questionnaire was distributed to 25 service partner participants 272 

and academic experts with knowledge of the supply chain. There were three criteria for removing 273 

items: if the mean value was less than the midpoint, if the 𝑝 -value was greater than 0.05, and if the 274 

power was less than 0.8 (Sud-on et al. 2013). Based on these three criteria, no items were removed, 275 

all 37 items were retained. 276 

 277 

3.2. Preliminary data analysis 278 

The survey data included participants from five motorcycle companies in Indonesia, all of which 279 

are members of The Indonesian Motorcycle Association. The sampling frame consisted of 280 

approximately 6830 service partners, gathered by the researcher from the official websites of these 281 

motorcycle companies. The study involved managers from authorized service partners of the 282 

companies, who had at least one year of work experience. A simple random sampling technique 283 

was applied to support broader applicability of the results. 284 

The questionnaire was distributed in two ways: online and by mail, to accommodate service 285 

partners who do not use email. A total of 2025 questionnaires were distributed, with 1025 sent online 286 

and 1000 by mail. The mail survey was conducted only once without a reminder, whereas the online 287 

survey included two reminders. A total of 442 responses were received for the initial wave, while 288 

201 responses were received for the second and third reminders. In total, 643 responses were  289 
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Figure 1 Research method  292 
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received (31.8 percent response rate). However, 100 responses from the initial wave and 41 293 

responses from the final waves could not be processed further because these were incomplete and 294 

excluded from the analysis. Therefore, only 502 responses could be processed further. 295 

The demographic profile data of the participants highlighting an uneven market share 296 

distribution among the five motorcycle brands in Indonesia. One brand stands out with a dominant 297 

market share, as indicated by 75.3 percent of survey participants, followed by another brand with 298 

18.1 percent. The remaining three brands have smaller market shares compared to these two. Most 299 

participants are based on the island of Java, making up 66.5 percent of the total, which aligns with 300 

Indonesia's population distribution, where the majority live in Java. Additionally, 63.8 percent of 301 

participants have been operating for more than 10 years, with the characteristics of long-term 302 

collaboration. The service partners are primarily micro-enterprises with fewer than 10 employees 303 

(91.6 percent). Among those who completed the survey, 57.2 percent are heads of service centre 304 

workshops, and 34.9 percent are direct owners. A significant portion, 63.1 percent, have over 10 305 

years of experience in the motorcycle industry, while 66 percent have been heads of service centre 306 

workshops for more than 5 years. The service centre workshop heads are predominantly male (94.2 307 

percent), with 45.2 percent aged between 36-45 years, and nearly all have an education level above 308 

high school. 309 

To assess non-response bias, Levene’s test for equality of variance and a t-test for the equality of 310 

means were utilized to determine if there were any statistically significant differences between the 311 

responses from the early wave (n=342) and the late wave (n=160). The results indicated no 312 

statistically significant differences between the early and late waves for the five constructs, with 𝑝-313 

values exceeding 0.05. Thus, it can be concluded that there is no non-response bias in the data used 314 

in this study. 315 

Data analysis in this study involved several statistical techniques to ensure the validity and 316 

reliability of the measurement and structural models. First, Exploratory Factor Analysis was 317 

conducted to identify the underlying factor structure and to explore the dimensionality of the 318 

constructs without imposing a predefined structure. This was followed by Confirmatory Factor 319 

Analysis to test the hypothesized measurement model and to verify the factor structure identified 320 

in the EFA, ensuring that the observed variables adequately represented their respective latent 321 

constructs. Discriminant validity was assessed to confirm that the constructs were distinct from one 322 

another. Construct reliability, such as Composite Reliability (CR), was also evaluated to ensure 323 

internal consistency of the items measuring each construct. Additionally, to address potential biases 324 

arising from the use of self-reported survey data, Common Method Bias (CMB) was assessed using 325 

techniques such as Harman's single-factor test. Finally, the structural model was evaluated using 326 

Structural Equation Modelling to test the hypothesized relationships between constructs, examining 327 

path coefficients, model fit indices, and the explanatory power (R²) of the dependent variables. 328 

4. Results  329 

 330 

4.1. Validity test  331 

Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted to 332 

validate the test. EFA was performed using SPSS version 26 to assess the dimensionality of the scale, 333 

followed by CFA using AMOS version 26 to evaluate convergent validity, discriminant validity, 334 

and factorial validity. EFA was individually conducted for the six constructs, utilizing promax 335 

rotation and maximum likelihood extraction. The six constructs resulted in a one-factor solution, 336 

explaining a total variance of 51.44–68.75 percent with factor loadings ranging from 0.47–0.88. 337 

According to Tinsley and Tinsley (1987), factor loadings below 0.4 are considered invalid. Therefore, 338 

from the EFA process, two items were dropped: SCAR7 and GSC5, with factor loadings of 0.340 and 339 

0.337, respectively. 340 
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There are three stages to confirm convergent validity. First, calculate the chi-squared values, then 341 

if the chi-squared rejects at a 𝑝 -value < 0.01; modification indices can be utilized to detect shared 342 

underlying factors across the measurement items. A cautious approach should be adopted to 343 

identify and eliminate items, especially ones with insufficient validity scores (refer to the interrater 344 

agreement results). These results confirm evidence of convergent validity using the following 345 

goodness of fit indices cut-off values: 𝑝 > 0.05, norm χ² ≤ 3, RMSEA < 0.06, SRMR < 0.08, CFI ≥ 0.95, 346 

and TLI ≥ 0.95 (Hu & Bentler 1998; Yu 2002). After this process, several items need to be deleted 347 

(OLD6, SCI6, SCD5, SCAR6 and GSC6). Standard factor loadings for all items ranging from 0.671-348 

0.876 (greater than 0.5).  349 

The goal of discriminant validity testing is to verify that a construct shows stronger associations 350 

with its intended measures than with variables from different constructs in the framework (Rönkkö 351 

& Cho 2022). The six constructs demonstrated discriminant validity as each one's average variance 352 

extracted (AVE) was greater than its squared correlation with any other construct (Table 1).  353 

 354 

Table 1 Discriminant validity 355 

 Domain of constructs 

 PSSGCP SCI OLD SCD SCAR GSC 

PSSGCP 0.815      
SCI 0.420 0.828     
OLD 0.266 0.732 0.829    
SCD 0.701 0.490 0.369 0.767   
SCAR 0.313 0.696 0.711 0.426 0.791  
GSC 0.525 0.310 0.304 0.645 0.351 0.789 

 356 

This validation step assesses if hypothesized latent variables form meaningful constructs by 357 

analyzing overall model fit statistics. The satisfactory fit indices obtained verified the factorial 358 

validity of the measurement model (normed χ² = 1.929, SRMR = 0.030, RMSEA = 0.043, CFI = 0.964, 359 

and TLI = 0.960). 360 

 361 

4.2. Construct reliability  362 

To measure construct reliability, three metrics were used: coefficient H, construct reliability, and 363 

Cronbach's alpha. The results confirm that the scale reliability is good, with H values ranging from 364 

0.865-0.938, construct reliability ranging from 0.850-0.932, and Cronbach's alpha values ranging 365 

from 0.842-0.932 (Table 2).  366 

 367 

Table 2 Measurement variables (constructs) and their corresponding scale indicators  368 

Code Domain of constructs and items References Factor loading 
 

OLD is defined as dynamic process that involves create and transfer new knowledge aiming for 
improving the SC capabilities, H=0.917, Cronbach's alpha=0.916, CR=0.916 

OLD1 Our main dealer partner has ceaselessly upgrade our 
knowledge of PSS and environmental awareness. 

(Dewi et al. 
2023) 

0.846 

OLD2 A variety of training sessions have been developed to 
improve our agility, quickness, innovation 
capabilities, and awareness of environmental issues 

(Dewi et al. 
2023) 

0.824 

OLD3 As a testament to our lasting collaboration, our main 
dealer partner has continuously provided training 
programs designed to enhance service partner 
capabilities. 

(Dovbischuk 
2022) 

0.840 

OLD4 Our main dealer partner strengthen our capabilities 
to achieve green, agile and resilient supply chain. 

(Dewi et al. 
2024) 

0.803 
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Code 
 
 

Domain of constructs and items 
 

References 
 

Factor loading 
 

OLD5 We and our main dealer continuously learn about 
customers’ needs and requirements. 

(Dewi & 
Hermanto 
2024) 

0.832 

OLD6 Variety training courses of product and technical 
service has been supplied to us by the main dealer 
(omitted). 

(Dewi et al. 
2024) 

- 

SCI is defined as long-term collaboration among stakeholders in the SC for all processes, joint planning 
and decision in the SC, H=0.918, Cronbach's alpha=0.916, CR=0.916 

SCI1 We sharing information with our main dealers about 
sales forecast, stock level, customers’ expectation and 
responsibilities on environmental impact. 

(Jajja, Chatha & 
Farooq 2018) 

0.838 

SCI2 We maintain long term collaborative agreement with 
our main dealer to deliver PSS and achieve 
environmental goals. 

(Jajja, Chatha & 
Farooq 2018) 

0.846 

SCI3 We maintain joint decision making with our main 
dealer about PSS delivery, quality improvement and 
resolve environment-related problems. 

(Jajja, Chatha & 
Farooq 2018) 

0.864 

SCI4 We maintain good communication with customers 
through multiple communication channels. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.781 

SCI5 We continually seek input from customers to assess 
their satisfaction levels and gather feedback of 
Product-service systems. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.809 

SCI6 We maintain integrated data with main dealers 
within our SC network (omitted). 

(Tan et al. 
2023) 

- 

SCD is defined as transformation of business routines from traditional systems to digital systems, 
H=0.865, Cronbach's alpha=0.842, CR=0.850 

SCD1 We have utilized digital tools to communicate with 
our main dealer. 

(Yu et al. 2023) 0.675 

SCD2 We have employed digital devices to record 
transactions with our customers. 

(Yu et al. 2023) 0.713 

SCD3 We possess the ability to exchange digitalized data 
with our customers to ensure effective 
communication of PSS. 

(Qiao et al. 
2023) 

0.850 

SCD4 Our system enables real-time digital data sharing 
with our primary dealer partner for operational, 
inventory, and sustainability planning purposes.   

(Yu et al. 2023) 0.818 

SCD5 We have utilized digital technologies to create 
innovative PSS that can appeal to untapped markets 
(omitted). 

(Qiao et al. 
2023) 

- 

SCAR is defined as the capability of SC to acknowledge effectively and promptly to the market changes 
and quickly recover to the original state, H=0.895, Cronbach's alpha=0.892, CR=0.893 

SCAR1 We continuously enhance our PSS to rapidly boost 
customer satisfaction levels. 

(Kim & Chai 
2017) 

0.805 

SCAR2 We continuously enhance the reliability of our PSS 
delivery through rapid improvements. 

(Kim & Chai 
2017) 

0.804 

    

  369 
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Code 
 
 

Domain of constructs and items 
 

References 
 

 

SCAR3 We continuously reconfigure our PSS supply chain 
capabilities to swiftly adapt to evolving market 
demands. 

(Al-Omoush, 
Palacios-
Marqués & 
Ulrich 2022) 

0.750 

SCAR4 We continuously drive innovation in our PSS 
offerings to maintain market leadership. 

(Boon-itt, Wong 
& Wong 2017) 

0.794 

SCAR5 We have capabilities and resources to deal with 
disruption and quickly recover from it . 

(Shukor et al. 
2021) 

0.804 

SCAR6 We continuously reconfigure our supply chain 
resource capacity to rapidly mitigate demand 
disruptions (omitted). 

(Belhadi et al. 
2022) 

- 

SCAR7 Our team proactively reconfigures production 
capacities to seamlessly customize orders based on 
client requirements (omitted). 

(Belhadi et al. 
2022) 

- 

GSC is defined as organizational principles that aim to achieve both profit and economic benefits while 
also improving ecological efficiency by reducing the environmental impact of industrial activities, 
H=0.874, Cronbach's alpha=0.866, CR=0.868 

GSC1 Our product is designed and manufactured to 
facilitate recycling, rework, and repair. 

(El Khoury et al. 
2023) 

0.801 

GSC2 Our product is designed and manufactured using eco-
friendly materials with a long material lifespan and 
reduce negative impacts on the environment. 

(El Khoury et al. 
2023) 

0.724 

GSC3 Our product is manufactured in accordance with 
environmental standards and regulations. 

(El Khoury et al. 
2023) 

0.836 

GSC4 We prolong the product lifespan through the 
provision of a bundle Product-service systems. 

(Dewi et al. 
2023) 

0.791 

GSC5 Our company has electric motorcycle to support low 
emission (omitted). 

(El Khoury et al. 
2023) 

- 

GSC6 The company prioritizes the management of 
environmental issues concerning PSS delivery  
(omitted). 

(El Khoury et al. 
2023) 

- 

PSSGCP is defined as a company's approach to achieve good quality, flexibility, profits and delivery while 
considering the integration of environmental awareness, H=0.938, Cronbach's alpha=0.932, CR=0.932 
PSSGCP1 We have high speed of PSS offering deliveries. (Choi, Min & Joo 

2018) 
0.825 

PSSGCP2 We have high volume/ capacity flexibility. (Choi, Min & Joo 
2018) 

0.841 

PSSGCP3 We have a high degree of PSS variety offering. (Akın Ateş et al. 
2022) 

0.838 

PSSGCP4 We have high performance of PSS quality offering. (Akın Ateş et al. 
2022) 

0.845 

PSSGCP5 We have high level of customer satisfaction. (Akın Ateş et al. 
2022) 

0.876 

PSSGCP6 We have high level of PSS profitability. (Akın Ateş et al. 
2022) 

0.671 

PSSGCP7 We have reduced the use of harmful, toxic, and 
hazardous substances in our products. 

(Pham & Pham 
2021) 

0.794 

 370 

 371 

 372 
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4.3. Common method bias assessment 373 

Harman’s single-factor test is used to assess Common Method Variance (CMV); by placing all 374 

construct items into one factor and utilizing maximum likelihood extraction, we found an average 375 

variance extracted of 32.5%, indicating no significant CMV (Podsakoff et al. 2003). To further 376 

evaluate CMV, a common latent factor (CLF) was incorporated into the measurement model; 377 

comparing the CFA models with and without the CLF, the results showed that the differences in 378 

regression weights were less than 0.2, confirming the absence of CMV (MacKenzie, Podsakoff & 379 

Podsakoff 2011). 380 

  381 

4.4. Assessment of structural model 382 

Results confirmed appropriate model fit for the proposed structural framework, with normed χ² 383 

= 2.269, SRMR = 0.040, RMSEA = 0.050, CFI = 0.95, and TLI = 0.95 (Figure 2). The model is also 384 

considered parsimonious, given a PCFI value of 0.87. 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

: Supported,         : Not Supported, *** p < 0.001 396 

 397 

Figure 2 Structural model findings including path coefficients and explained variances 398 

 399 

The ten hypotheses were tested using Structural Equation Modelling. The results indicate that 400 

GSC positively affects PSSGCP, with a coefficient of 0.514 (𝑝 < 0.001), supporting H1. Hypothesis 401 

H2, which posits that SCAR positively impacts PSSGCP, is supported by a path coefficient of 0.157 402 

(𝑝 < 0.001). Similarly, H3a is validated, showing that OLD influences GSC, with a coefficient of 0.135; 403 

likewise, H3b is supported, demonstrating OLD shows a positive correlation with SCAR, with a 404 

coefficient of 0.429 (𝑝 < 0.001). Moreover, OLD positively affects SCI with a coefficient of 0.732 (𝑝 < 405 

0.001), supporting H6. SCI does not have a significant impact to GSC (H4a), but H4b is supported, 406 

showing that SCI positively affects SCAR with a coefficient of 0.327 (𝑝 < 0.001). Additionally, SCI is 407 

positively associated with SCD with a coefficient of 0.490 (𝑝 < 0.001), supporting H7. Lastly, SCD 408 

has a significant impact to GSC (H5a=0.681, 𝑝 < 0.001), likewise H5b is supported, displaying that 409 

SCD has a significant positive effect on SCAR, with a coefficient of 0.120. The R² values for SCI, SCD, 410 

GSC, SCAR and PSSGCP: 0.536, 0.240, 0.469, 0.585 and 0.340, respectively. 411 

 Although indirect effect hypotheses were not explicitly formulated, this section explores them 412 

to enhance the depth of analysis. The significance of the mediation paths was evaluated through 413 

bias-corrected bootstrapping based on 2,000 random samples. Table 3 summarizes eight significant 414 

R2 = 0.469 

GSC H1 H3b H6 

0.514*** 
0.429*** 

0.732*** 

SCI 

H4a 
-0.104 

R2 = 0.340 

PSSGCP H4b 0.327*** 

SCAR 
H2 

H7 
0.157*** 

0.490*** 0.681*** 

R2 = 0.585 R2 = 0.536 

H5a 

SCD 
H5b 0.120 

R2 = 0.240 

OLD 0.135 
H3a 
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mediation paths. The relationship between OLD and SCD is fully mediated by SCI, emphasizing 415 

SCI's role in enabling digital transformation. The path from SCI to GSC is also fully mediated by 416 

SCD, highlighting that SCI must be operationalized through digitalization to impact green practices. 417 

The effect of OLD on GSC is partially mediated by SCI and SCD, with both direct and indirect effects 418 

significant. Similarly, the relationship between OLD and SCAR shows partial mediation through 419 

SCD, indicating that digital capabilities complement organizational learning. The path from SCI to 420 

SCAR is partially mediated by SCD, though the indirect effect is relatively small. Regarding 421 

PSSGCP, three full mediation paths are identified: (1) OLD affects PSSGCP through GSC, SCAR, 422 

and SCD, (2) SCI influences PSSGCP via SCD and SCAR, and (3) SCD impacts PSSGCP through 423 

GSC and SCAR. These results highlight that enhancing PSSGCP depends on the integration and 424 

mediation of SCI, SCD, GSC, and SCAR rather than on direct effects alone. 425 

Table 3 Mediation paths 426 

Path  
(mediation type) 

Mediator Indirect effect Interpretation 

OLD - SCD (full) SCI 0.328 SCI fully mediate the relationship 
OLD-GSC (partial) SCI, SCD 0.158 Both direct and indirect significant 
OLD-SCAR (partial) 
SCI-GSC (full) 
SCI-SCAR(partial) 
OLD-PSSGCP(full) 
SCI-PSSGCP (full) 
SCD-PSSGCP (full) 

SCD 
SCD 
SCD 
GSC,SCAR,SCD 
SCD, SCAR 
GSC, SCAR 

0.323 
0.320 
0.069 
0.221 
0.151 
0.333 

Both direct and indirect significant 
Only indirect path significant 
Minor mediation via SCD 
Fully mediated through multiple paths 
Fully mediated through multiple paths 
Fully mediated through multiple path 

5. Discussions 427 

OLD items exhibit strong loadings ranging from 0.803 to 0.846, confirming that the training and 428 

knowledge-sharing initiatives provided by the main dealer are well reflected in the items. This 429 

supports the conceptualization of OLD as a dynamic process aimed at improving SC capabilities. 430 

SCI items also show robust loadings between 0.781 and 0.864, reinforcing the significance of long-431 

term collaboration, joint decision-making, and customer engagement in achieving effective 432 

integration. SCD has slightly more varied loadings, ranging from 0.675 to 0.850. While SCD1 and 433 

SCD2 fall just below the ideal threshold, they are still considered acceptable in the early stages of 434 

scale development. The strongest loading (0.850) for SCD3 highlights the importance of digitalized 435 

communication with customers. SCAR items load between 0.750 and 0.805, indicating consistent 436 

performance across items related to PSS innovation, adaptability, and recovery capabilities. GSC 437 

indicators show adequate loadings from 0.724 to 0.836, validating the focus on green design, 438 

regulatory compliance, and lifecycle management. PSSGCP items are generally high-loading, with 439 

values between 0.671 and 0.876. The slightly lower loading of PSSGCP6 (0.671) is still within 440 

acceptable limits, especially when theoretical support exists. The highest loading (0.876) underlines 441 

the role of customer satisfaction in competitive performance. Also, by analyzing the items' 442 

standardized loadings, executives can identify key capability priorities for boosting PSSGCP, 443 

allowing motorcycle company managers to systematically focus their strategic efforts where they 444 

will have the greatest impact. 445 

PSSGCP reflect a firm's ability to integrate environmental sustainability with high operational 446 

and market performance. First, high speed of PSS offering deliveries indicates a responsive and 447 

efficient service model, which enhances customer satisfaction and market agility. High 448 

volume/capacity flexibility shows the firm’s capability to adapt production and service outputs 449 

based on fluctuating demand, which is essential in dynamic and environmentally conscious 450 

markets. The high degree of PSS variety offering reflects innovation and customization, allowing 451 

firms to cater to diverse customer needs while embedding sustainable features into each variant. 452 

High performance of PSS quality offering demonstrates the firm’s ability to maintain superior 453 
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standards, which builds trust and supports long-term relationships with customers. High levels of 454 

customer satisfaction are critical outcomes of the combined performance in speed, flexibility, 455 

variety, and quality, reinforcing customer loyalty and positive environmental perception. 456 

Additionally, high levels of PSS profitability ensure that environmental initiatives are economically 457 

viable, proving that green practices can be both sustainable and financially beneficial. Finally, the 458 

reduction in the use of harmful, toxic, and hazardous substances directly supports environmental 459 

goals and regulatory compliance, while also contributing to safer and eco-friendlier products. 460 

Collectively, these indicators confirm that a well-executed green PSS strategy can simultaneously 461 

deliver environmental value, customer satisfaction, and competitive business performance. 462 

Integrating green awareness and achieving competitive business goals are two crucial aspects 463 

highlighted in recent studies (Kumar et al. 2024). However, most recent studies investigate 464 

competitive performance and green awareness as separate entities (Zhu et al. 2022). Existing 465 

research rarely explores how to manage green and competitive performance as a unified measure, 466 

known as PSSGCP. This study reveals that GSC has a significant positive effect on PSSGCP, as well 467 

as SCAR is positively associated with PSSGCP as supported by hypothesis 1 and 2, respectively. 468 

This is the first contribution to the body of knowledge, where our findings suggest that GSC and 469 

SCAR have a positive impact on PSSGCP. Furthermore, the results of this research contribute to the 470 

existing literature in multiple aspects.  471 

This study shows that OLD positively impacts the GSC, as well as SCD positively impact the 472 

GSC. The observed outcomes corroborate the results reported by Evangelista and Hallikas (2022), 473 

which emphasize the important role of SCD in achieving green objectives, as well as the findings of  474 

Yang et al. (2024), which confirm OLD as a positive moderator for improving sustainability. Only 475 

SCI does not significantly impact the green supply chain. However, there is a significant path from 476 

OLD to SCI and SCD, which positively affects GSC. This finding suggests that while SCI is 477 

important, it is not sufficient on its own to directly drive GSC. Instead, SCI must first enable the 478 

organization to digitally transform its supply chain processes (SCD). These digital capabilities, in 479 

turn, create the necessary transparency, responsiveness, and process efficiency required to 480 

implement and scale environmentally sustainable practices. Thus, without the digital infrastructure 481 

and capabilities provided by SCD, the strategic alignment facilitated by SCI may lack the operational 482 

leverage needed to impact GSC outcomes. This highlights the sequential and complementary nature 483 

of capabilities in achieving green performance: integration enables digitalization, which then 484 

enables environmental performance improvements. The general assumption in the existing 485 

literature is that SCD accelerates improvements of SCI (Shi et al., 2023; Liu et al., 2022). However, in 486 

this study, we found the opposite due to the nature of the motorcycle industry, where long-term 487 

collaboration and close relationships in their SC result in strong integration between manufacturers, 488 

main dealers and service partners. The integration in their SC positively impacts the enhancement 489 

of SCD capabilities. 490 

This study further demonstrates that OLD, SCI and SCD positively impact SCAR. All three 491 

constructs have a positive impact on SCAR. This aligns with prior research findings (Abdelilah, El 492 

Korchi and Amine Balambo, 2023; Eryarsoy et al., 2022). Similarly, the existence of a significant path 493 

from OLD to SCI and SCD, positively affects SCAR, confirms that all three constructs are important 494 

for enhancing SCAR. 495 

It is noteworthy that this study contributes to extending the use of DC into the context of PSS 496 

and SC. This is demonstrated by the use of DC as the underpinning theory, which was thoroughly 497 

detailed in the survey's development and has been tested to be valid and reliable. Regarding 498 

practical implications, the research underscores how collaborative SCI between core stakeholders 499 

(manufacturers, main dealers, and service partners) is essential for successful PSS implementation. 500 

OLD, represented by knowledge transfer and training provided by manufacturers and main dealers 501 

to service partners, as well as SCD, which adopts technological advancements to build a green, agile, 502 

and resilient SC, are also highlighted. This study further shows that dynamic capabilities—often 503 

described as company-specific, tacit, and difficult to imitate or transfer—can in fact be effectively 504 
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shared and developed through strong collaboration within the motorcycle industry supply chain. 505 

The findings illustrate that with strategic and ongoing collaboration, even deeply embedded 506 

capabilities such as agility, innovation, and green awareness can be disseminated across 507 

organizational boundaries. 508 

6. Conclusions and future research 509 

This study underscores the crucial role of green supply chain, agility, and resilience in enhancing 510 

PSS green competitive performance. Grounded in the dynamic capabilities theory, it highlights the 511 

importance of developing organizational capabilities—such as flexibility, robustness, and 512 

responsiveness—to navigate disruptions and capitalize on opportunities in a volatile environment. 513 

The integration of organizational learning development, supply chain integration, and supply chain 514 

digitalization is identified as key to strengthening these capabilities. The findings show that effective 515 

green supply chain not only support environmental goals but also achieve high quality, flexibility, 516 

profitability, and reliable delivery. By connecting green, agile, and resilient supply chain concepts 517 

within a dynamic capabilities framework, this study provides a holistic perspective and offers 518 

practical insights for motorcycle industry practitioners seeking to improve their PSS green 519 

competitive performance. Despite these valuable insights, this study has several limitations that 520 

warrant further research. First, the study primarily examines supply chain performance within a 521 

specific industry context, which may limit the generalizability of its findings across different sectors. 522 

Second, the geographical scope of the study is confined to Indonesia. Future research could apply 523 

this framework to different industries and broader geographical areas to achieve more generalizable 524 

conclusions. Additionally, the study focuses on a predetermined set of performance indicators; 525 

expanding this scope to incorporate emerging factors such as the circular economy, block chain 526 

technology, and artificial intelligence-driven supply chain would provide deeper insights into the 527 

evolving landscape of the topic. Future research could incorporate social indicators to provide a 528 

more complete evaluation of sustainability performance. Lastly, this study relies on cross-sectional 529 

survey data, capturing performance at a single point in time to assess performance. However, this 530 

performance is likely to shift over time. It would be insightful to use a longitudinal approach to 531 

track changes in performance and the capabilities that evolve with these changes. 532 
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Appendix- Questionnaire 545 

Participation Consent 546 

☐ Yes ☐ No 547 

Choosing “Yes” indicates your consent to participate in this survey. Your responses will be used exclusively 548 

for research and may appear in academic outputs such as journal articles, and conference presentations. All 549 
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data will be collected anonymously and kept strictly confidential. If you would like a summary of the study’s 550 

findings, please contact the researcher at dianretnosd@ukwms.ac.id 551 

Eligibility Question 552 

Please indicate your managerial experience at an official service partner of the Indonesian motorcycle sector: 553 

☐ Less than 1 year ☐ More than 1 year 554 

Participants with more than one year of managerial experience are eligible to proceed with the questionnaire. 555 

Please express the extent to which you agree or disagree with each of the following statements by circling the 556 

number that best represents your opinion. 557 

(0 = Strongly disagree, 1 = Disagree, 2 = Somewhat disagree, 3 = Somewhat agree, 4 = Agree, 5 = Strongly 558 

agree) 559 

Our main dealer partner has ceaselessly upgrade our knowledge 

of PSS and environmental awareness. 

0      1      2      3      4      5 

A variety of training sessions have been developed to improve 

our agility, quickness, innovation capabilities, and awareness of 

environmental issues 

0      1      2      3      4      5 

As a testament to our lasting collaboration, our main dealer 

partner has continuously provided training programs designed to 

enhance service partner capabilities. 

0      1      2      3      4      5 

Our main dealer partner strengthen our capabilities to achieve 

green, agile and resilient supply chain. 

0      1      2      3      4      5 

We and our main dealer continuously learn about customers’ 

needs and requirements. 

0      1      2      3      4      5 

Variety training courses of product and technical service has been 

supplied to us by the main dealer. 

0      1      2      3      4      5 

We sharing information with our main dealers about sales 

forecast, stock level, customers’ expectation and responsibilities 

on environmental impact. 

0      1      2      3      4      5 

We maintain long term collaborative agreement with our main 

dealer to deliver PSS and achieve environmental goals. 

0      1      2      3      4      5 

We maintain joint decision making with our main dealer about 

PSS delivery, quality improvement and resolve environment-

related problems. 

0      1      2      3      4      5 

We maintain good communication with customers through 

multiple communication channels. 

0      1      2      3      4      5 

We continually seek input from customers to assess their 

satisfaction levels and gather feedback of Product-service systems. 

0      1      2      3      4      5 

We maintain integrated data with main dealers within our SC 

network. 

0      1      2      3      4      5 

We have utilized digital tools to communicate with our main 

dealer. 

0      1      2      3      4      5 

We have employed digital devices to record transactions with our 

customers. 

0      1      2      3      4      5 

We possess the ability to exchange digitalized data with our 

customers to ensure effective communication of PSS. 

0      1      2      3      4      5 

Our system enables real-time digital data sharing with our 

primary dealer partner for operational, inventory, and 

sustainability planning purposes.   

0      1      2      3      4      5 
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We have utilized digital technologies to create innovative PSS that 

can appeal to untapped markets. 

0      1      2      3      4      5 

We continuously enhance our PSS to rapidly boost customer 

satisfaction levels. 

0      1      2      3      4      5 

We continuously enhance the reliability of our PSS delivery 

through rapid improvements. 

0      1      2      3      4      5 

We continuously reconfigure our PSS supply chain capabilities to 

swiftly adapt to evolving market demands. 

0      1      2      3      4      5 

We continuously drive innovation in our PSS offerings to 

maintain market leadership. 

0      1      2      3      4      5 

We have capabilities and resources to deal with disruption and 

quickly recover from it . 

0      1      2      3      4      5 

We continuously reconfigure our supply chain resource capacity 

to rapidly mitigate demand disruptions (omitted). 

0      1      2      3      4      5 

Our team proactively reconfigures production capacities to 

seamlessly customize orders based on client requirements  

0      1      2      3      4      5 

Our product is designed and manufactured to facilitate recycling, 

rework, and repair. 

0      1      2      3      4      5 

Our product is designed and manufactured using eco-friendly 

materials with a long material lifespan and reduce negative 

impacts on the environment. 

0      1      2      3      4      5 

Our product is manufactured in accordance with environmental 

standards and regulations. 

0      1      2      3      4      5 

We prolong the product lifespan through the provision of a 

bundle Product-service systems. 

0      1      2      3      4      5 

Our company has electric motorcycle to support low emission 0      1      2      3      4      5 

The company prioritizes the management of environmental issues 

concerning PSS delivery  (omitted). 

0      1      2      3      4      5 

We have high speed of PSS offering deliveries. 0      1      2      3      4      5 

We have high volume/ capacity flexibility. 0      1      2      3      4      5 

We have a high degree of PSS variety offering. 0      1      2      3      4      5 

We have high performance of PSS quality offering. 0      1      2      3      4      5 

We have high level of customer satisfaction. 0      1      2      3      4      5 

We have high level of PSS profitability. 0      1      2      3      4      5 

We have reduced the use of harmful, toxic, and hazardous 

substances in our products. 

0      1      2      3      4      5 
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 10 

Abstract: Incorporating environmental awareness into business operations while maintaining 11 

competitive performance presents a significant challenge. To address this, many companies are 12 

enhancing their offerings by integrating services with products—a strategy known as Product–13 

Service Systems (PSS). This innovation aims to boost competitiveness and foster environmental 14 

consciousness. However, although PSS is recognized as a valuable approach for staying competitive, 15 

the interplay between PSS and its influencing capabilities remains insufficiently explored in current 16 

literature. This study examines the relationships among Organizational Learning Development 17 

(OLD), Supply Chain Integration (SCI), Supply Chain Digitalization (SCD), Supply Chain Agility and 18 

Resilience (SCAR), Green Supply Chain (GSC), and Product–Service Systems’ Green Competitive 19 

Performance (PSSGCP). Data were gathered through a structured survey involving 502 official 20 

motorcycle service partners in Indonesia and analyzed using Structural Equation Modelling (SEM). 21 

The results confirm significant positive relationships between GSC and PSSGCP, and between SCAR 22 

and PSSGCP. Moreover, OLD, SCI, and SCD each positively influence SCAR, while only OLD and 23 

SCD show direct positive effects on GSC. The analysis also reveals that OLD positively influences 24 

SCI, which subsequently impacts SCD—indicating that SCI’s influence on GSC is mediated through 25 

SCD. These findings provide practical and theoretical insights, enabling managers and researchers to 26 

better align green and competitive performance goals. Furthermore, managers can assess the 27 

standardized loadings to evaluate the contribution of each capability to enhancing PSSGCP. 28 

Keywords: Agile supply chain; Green competitive performance; Green supply chain; 29 

Product–service systems; Supply chain resilience 30 

 31 

1. Introduction 32 

Companies in the manufacturing sector, once solely dedicated to product manufacturing, are 33 

now embracing services as an integral part of their business strategy. This trend, known as Product-34 

Service Systems (PSS), represents an innovative approach adopted by firms to remain competitive 35 

and effectively meet evolving customer expectations. With environmental awareness taking 36 

precedence, PSS, initially defined as the integrated bundling of products and services to create 37 

value-added products and boost customer satisfaction (Beuren, Ferreira & Miguel 2013), is being 38 

redefined. The PSS definition now includes the producer's responsibility for the product at its end 39 
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of life. PSS is perceived as an innovative bundling of products and services, aiming to offer not just 40 

a product but also services throughout the product’s life cycle to maintain environmental 41 

sustainability (Annarelli, Battistella & Nonino 2016).  42 

In recent times, various disruptions, including natural disasters, the COVID-19 pandemic, fierce 43 

competition in the business landscape, distribution failures, and other unforeseen events, have 44 

caused interruptions. These disruptions necessitated a departure from business-as-usual practices. 45 

The characteristics such as flexibility, speed, innovations and responsiveness are required in the 46 

erratic condition such as nowadays (Al-Omoush, Palacios-Marqués & Ulrich 2022; Ashari et al. 47 

2018). Hence, the agility and resilience of supply chain (SC) guide the companies in the SC to be 48 

operated as stable and normal mode when disruptions occur (Kazancoglu et al. 2022).  49 

To address these challenges, the concepts of supply chain agility and resilience—collectively 50 

referred to in this study as Supply Chain Agility and Resilience (SCAR)—have gained prominence. 51 

While both share overlapping characteristics such as speed, flexibility, and responsiveness, they 52 

serve distinct purposes. Agility focuses on swiftly responding to market changes and consumer 53 

needs, whereas resilience emphasizes the ability to absorb shocks and maintain continuity (Gligor 54 

et al. 2019). Given their common objective of improving supply chain performance, this study uses 55 

the integrated term SCAR to reflect their complementary roles. 56 

However, agility and resilience alone are insufficient for long-term sustainability. In today’s 57 

context, environmental awareness must also be incorporated into corporate strategies (Singh, 58 

Hamid & Garza-Reyes 2023). Without active engagement in environmental stewardship, the 59 

degradation of natural resources could threaten supply continuity, particularly raw materials 60 

critical to manufacturing operations. In response, companies are increasingly facing pressure from 61 

governments, stakeholders, and society to comply with environmental standards and reduce 62 

negative ecological impacts (Abdallah et al. 2024). This pressure makes Green Supply Chain (GSC) 63 

practices essential. 64 

Despite the recognized importance of environmental consciousness and supply chain agility and 65 

resilience, their integration within the PSS context remains underexplored (Ghaderi et al. 2024; 66 

Ivanov 2022). While PSS has been widely studied—primarily from a consumer service and 67 

innovation perspective (Sassanelli & Pacheco 2024; Soellner et al. 2024)—there is a notable gap in 68 

understanding the supply chain capabilities required to simultaneously support both Green Supply 69 

Chain practices and Supply Chain Agility and Resilience. Existing literature tends to focus on 70 

upstream supply chain elements, emphasizing consumer-centric innovation, while overlooking 71 

critical operational aspects such as logistics management, supply chain integration, and the capacity 72 

development of weaker partners within the network. Addressing this research gap, this study 73 

investigates the PSS supply chain capabilities—namely, Organizational Learning Development 74 

(OLD), Supply Chain Integration (SCI), and Supply Chain Digitalization (SCD)—that are essential 75 

to strengthening both GSC and SCAR, thereby enhancing PSS Green Competitive Performance 76 

(PSSGCP). 77 

Addressing the weaknesses in the current body of knowledge, this study investigates three gaps 78 

which constitute the research questions of this study are as follows (1) What is the relationship 79 

between GSC and PSSGCP, as well as SCAR and PSSGCP? (2) What are the PSS SC capabilities 80 

(OLD, SCI and SCD) affecting the GSC and SCAR? (3) What is the relationship between OLD and 81 

SCI, as well as between SCI and SCD? 82 

This study offers a novel contribution by integrating GSC practices and SCAR within the context 83 

of PSS—an intersection that has remained underexplored in existing literature. Unlike prior research 84 

that predominantly centers on the upstream, consumer-facing dimensions of PSS, this study 85 

emphasizes SC capabilities—specifically OLD, SCI, and SCD—as critical enablers for both 86 

environmental sustainability and operational adaptability. By proposing and empirically examining 87 

the role of these capabilities in enhancing PSSGCP, this study establishes a comprehensive and 88 

integrative framework that differentiates itself from earlier fragmented approaches to either GSC 89 

and SCAR in isolation. The research is situated within the motorcycle industry supply chain, 90 
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providing a relevant and dynamic context characterized by high product complexity, competitive 91 

pressures, and increasing environmental expectations. The urgency and relevance of this research 92 

are further underscored by the growing frequency of global disruptions and increasing 93 

environmental pressures, which compel firms to rethink and restructure their SC. As such, the 94 

findings not only contribute to the academic contributions but also offer practical insights for firms 95 

aiming to achieve sustainable and resilient competitive advantages in today’s volatile and 96 

sustainability-driven market landscape. 97 

2. Theoretical framework and hypotheses development 98 

The conceptual theoretical framework in this study is guided by the Dynamic Capabilities (DC) 99 

theory. The high pressure from stakeholders and the government for green and environmental 100 

awareness, along with the dynamic and erratic business environment with frequent disruptions 101 

after the pandemic; consequently, DC offers a well-suited theoretical grounding for this analysis. 102 

Likewise, the characteristics of the collaboration within SC to provide PSS requires theory that 103 

accommodates dynamic resources and capabilities that will grow within SC. For example, Paiola et 104 

al. (2013) confirmed that the development of capabilities within the SC network using DC includes 105 

customer orientation, PSS partnership, knowledge and technical expertise and risk control.   106 

DC is defined as the capacity of the organization to constantly integrate, renew and reconfigure 107 

its resources and capabilities to respond to the changing environment to keep the competition (Teece 108 

2007). Moreover, DC is hard to be enhanced in solely company as they should be progressed 109 

together within the network (Defee & Fugate 2010). DC suits well to guide the proposed framework 110 

as the framework is developed for SC network. This research focuses on the motorcycle SC, aiming 111 

to deliver PSS. To accomplish this, the SC network in the motorcycle industry involves collaboration 112 

among manufacturers, intermediaries, and service partners. The term "main dealer" is better known 113 

among service partners as an intermediary of the manufacturer that bridges the development of DC 114 

within the network.  115 

In this study, OLD, SCI and SCD are considered as dynamic capabilities that should be created 116 

within a network, to be able to sense, seize and reconfigure internal and external resources to deal 117 

with rapid changing environment. In response to this challenge, GSC and SCAR are essential for 118 

navigating the unpredictable business environment. Specifically, GSC is crucial for sustaining long-119 

term performance improvements while preserving green resources needed for the future. 120 

 121 

2.1. PSSGCP 122 

Companies are struggling to find themselves and survive in the business competition, 123 

nowadays. Competitive performance is the result of a competitive advantage, indicating a 124 

company's ability to innovate and surpass its competitors (Kumar et al. 2024). As such, various 125 

performance indicators can be used, including product and service quality, delivery efficiency, 126 

flexibility, responsiveness, the ability to provide high levels of customer service and profit 127 

generation capability (Wiredu et al. 2024; Glukhov et al. 2023; Mohammadi & Mukhtar 2018). PSS 128 

offers a method to achieve differentiation by satisfying customers with not just high-quality 129 

products but also complementary services, thereby extending the lifespan of the products and 130 

supporting green initiatives.  131 

Along the way, the erratic conditions these days required agility and resilience, but to stay in a 132 

business for a long-term, the green concept must be added to it. The GSC is defined as a company's 133 

approach to achieving profits while considering the integration of environmental awareness, 134 

starting from product design, material selection, production, product delivery to consumers, and 135 

end-of-life product management, with the goal of reducing environmental impact (Hebaz, Oulfarsi 136 

& Eddine 2024). Hence, this study aims to identify the PSS SC capabilities required to improve the 137 

PSSGCP which focus on enhancing green, agility and resilience capabilities.  138 

 139 
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2.2.  GSC 140 

GSC is defined as organizational philosophies to not only pursue economic advantage of 141 

business but also enhancing the green efficiency by minimizing environmental impact of industrial 142 

activities  (Gawusu et al. 2022). The green SC practices should cover all activities throughout the 143 

industrial process from purchasing, production, logistics, distribution and the product end of life 144 

(Bustinza, Vendrell-Herrero & Chiappetta Jabbour 2024; Suwignjo et al. 2023). PSS actually serves 145 

as part of the effort to extend the product lifespan by providing product maintenance services. The 146 

scope of GSC extends from reactive environmental control to proactive efforts such as refurbishing, 147 

reusing, reducing, recycling, and remanufacturing (de Oliveira et al. 2018). It is challenging to 148 

visualize how GSC practices relate to operational SC benefits. Novitasari and Agustia (2021) didn't 149 

discover a positive link between GSC and SC performance. PSSGCP merges SC performance with 150 

environmental considerations. Thus, to explore this association, below are the proposed hypotheses 151 

to be examined. 152 

H1.  GSC positively affects PSSGCP. 153 

 154 

2.3.  SCAR 155 

The terms agility and resilience share several similar characteristics, such as flexibility, speed, 156 

and responsiveness. Both aim to enhance SC performance, but there are slight differences between 157 

them (Sharma et al. 2024). SC agility is defined as the capability of SC to acknowledge effectively 158 

and promptly to the market changes, while resilience primarily focuses on how quickly the SC 159 

returns to its original state following a disruption, agility emphasizes how swiftly the SC adapts to 160 

meet consumer demands (Kumar & Singh 2025). Therefore, this study employs the terms agility and 161 

resilience interchangeably. SC agility has been identified as a factor contributing to enhanced 162 

competitiveness and is characterized by responsiveness, innovation, swiftness, and flexibility                163 

(Aslam et al., 2024; Raj et al., 2023). SC agility also represents the firm’s dynamic capabilities as its 164 

capabilities to sense, seize and reconfigure firm and SC resources (Dubey et al. 2018). Capabilities 165 

required for resilience are capabilities to face disruptions, hinder shock, quickly recover to the 166 

original state, speed and flexibility which is similar to agility (Gligor et al. 2019). Many studies in 167 

SC showed that there is a positive relationship between SC agility and resilience to improved firm’s 168 

performances (Mahesh, Srivastava & Muthappa 2024). Therefore, it is hypothesized that SCAR are 169 

positively related to PSSGCP. 170 

   H2. SCAR positively affects PSSGCP. 171 

 172 

2.4.  OLD 173 

OLD is defined as a dynamic process that involves creating and transferring new knowledge 174 

aiming for improving the SC capabilities; it confirmed four components to support the inter-firm 175 

organizational learning process: commitment to learning, shared vision, a willingness to consider 176 

diverse ideas and knowledge sharing (Dovbischuk 2022). Gaining knowledge through collaboration 177 

between two or more parties for long-term relationships improves firms’ performances and 178 

resilience (Eryarsoy et al. 2022). Firms that ignore prioritizing OLD have found their response to the 179 

firm performance limited as DC for OLD accumulates gradually through consistent repetition  180 

(Pratono et al. 2019). 181 

Considered as strategic capabilities, continual OLD is crucial for achieving firm’s performance 182 

such as being green, agile and resilient (Eryarsoy et al. 2022), as well as improving the SCI. In this 183 

study, it is evident that motorcycle manufacturers lack the capability to deliver PSS independently 184 

(Dewi & Hermanto 2024). This underscores the necessity for strategic partnerships with the 185 

intermediaries and service providers (Dewi et al. 2024). Manufacturers share expertise to boost OLD 186 

among their service partners. This learning can be facilitated through various mechanisms such as 187 

training sessions, meetings, face-to-face discussions, technical performance reviews and annual 188 

audits (Dewi & Hermanto 2024). These initiatives aim to enhance the technical skills and 189 

performance of partners, making them more agile and resilient in their tasks (Dewi et al. 2024). 190 
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Likewise, OLD has shown to serve as a positive moderator between the adoption of eco-friendly 191 

materials and the prolongation of product lifespan, leading to improved GSC (Yang et al. 2024). 192 

Hence, it is essential in this research to verify if there is a direct positive correlation between OLD 193 

and GSC. Given the description provided, the following hypothesis is proposed. 194 

   H3a. OLD positively affects GSC. 195 

   H3b. OLD positively affects SCAR. 196 

   H6. OLD positively affects SCI. 197 

 198 

2.5.  SCI  199 

The capabilities to integrate within firm and network is stressed by many SC research studies; in 200 

fact, those studies highlighted the significant role of SCI in GSC (Pham & Pham 2021), as well as SCI 201 

in SCAR  (Abdelilah et al. 2023; Shukor et al. 2021). SCI involves enduring alignment between SC 202 

participants throughout all functions, featuring integrated planning and mutual decision processes. 203 

(Jajja, Chatha & Farooq 2018; Abdulameer, Ibrahim & Yaacob 2020). It is not adequate for a firm to 204 

integrate only the internal function within an enterprise but also it is required to integrate all 205 

functions within the SC network (Jajja, Chatha & Farooq 2018). The SC integration process may 206 

involve all areas that are required as a business process in the SC, has three entities: process 207 

integration, supplier integration and customer integration (Shukor et al. 2021).   208 

PSS is one way to extend the product life cycle by providing a bundle of product and service 209 

(Dewi et al. 2023). Collaboration among manufacturers, intermediaries and service partners to 210 

provide PSS is crucial, as well as the same vision to be green in their SCI. Process integration enables 211 

all stakeholders in the supply chain to access the database through unified information systems 212 

(Dadzie et al. 2023). SCI can be viewed as DC, essential for adapting to business and environmental 213 

changes and it also has a positive impact on SCD (Arif, Shah & Khan 2023). Strong relationships 214 

with service partners enable essential capabilities to scan, seize, and reconfigure resources, allowing 215 

the company to effectively respond to changing customer expectations (Cui et al. 2023). In the 216 

motorcycle industry context, service partner suppliers can assist to the customer demand changes 217 

as they have direct contact with customers (Dewi & Hermanto 2023). These coordinated efforts 218 

should improve the utilization of resources and finally impact the SC performance. Then we 219 

propose the following hypotheses.  220 

   H4a. SCI positively affects GSC. 221 

   H4b. SCI positively affects SCAR. 222 

   H7. SCI positively affects SCD. 223 

 224 

2.6.  SCD 225 

Digitalization is defined as transformation of business routines from traditional systems to 226 

digital systems (Tiwari, Sharma & Jha 2024). Digitalization potentially enables the management and 227 

surveillance of energy consumption and waste (Wang et al. 2023). For instance, manual 228 

communication processes that formerly relied on paperwork can now be substituted with digital 229 

systems. Likewise, communication within SC, like interactions between manufacturers, 230 

intermediaries and service partners, demands considerable effort when executed manually, 231 

resulting in waste and slow process (Oubrahim, Sefiani & Happonen 2023).  232 

Digitalization is one way to resolve and arrange data better than manual (Le et al. 2024). Related 233 

to inventory management, digital technology is mostly utilized to manage physical and virtual 234 

inventory in real time to reduce cost of inventory management, thus can quickly make decisions in 235 

real time, preventing faults, also if there is disruption and needs swift changes (Mashayekhy et al. 236 

2022). Besides that, digitalization also ensures tractability, offers monitoring and controlling 237 

(Behnke & Janssen 2020). Also in the case of customer preferences, SCD can predict customer 238 

behaviour changes and to swiftly respond to match the customers’ expectations (Zhou et al. 2023).  239 

In general, it can be concluded that digitalization facilitates the integration of SC processes, thereby 240 

ensuring a quick response to any risks linked to the SC processes (resilience) as well as being 241 
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responsive and agile. Hence, its implementation can enhance both the GSC and SCAR. As such, we 242 

propose the following hypothesis for further examination. 243 

   H5a. SCD positively affects GSC 244 

   H5b. SCD positively affects SCAR 245 

3. Methods 246 

The current section describes the study's methodological approach, where the sequence of 247 

research activities is depicted in Figure 1. 248 

3.1. Development of the instrument 249 

A structured survey was conducted as part of a quantitative analysis to test the proposed 250 

hypothesis, targeting certified motorcycle service partners across Indonesia. The questionnaire was 251 

developed through five stages, which will be explained in the following paragraphs. The 252 

questionnaire consists of two parts: the first part inquires about the demographic information of the 253 

participants and their companies with a total of ten questions. The second part focuses on the core 254 

of this research, which includes 37 questions about OLD (6 items), SCI (6 items), SCD (5 items), 255 

SCAR (7 items), GSC (6 items) and PSSGCP (7 items). To enhance transparency and support 256 

replicability, the questionnaire is provided in Appendix A. All items were measured using a 6-point 257 

Likert scale, where 0 = strongly disagree, 1 = disagree, 2 = somewhat disagree, 3 = somewhat agree, 258 

4 = agree, and 5 = strongly agree. Definitions and conceptual descriptions of each construct—OLD, 259 

SCI, SCD, SCAR, GSC, and PSSGCP—are presented in Table 2. 260 

The survey development process was carried out in five stages (Lewis, Templeton & Byrd 2005). 261 

The first stage involved defining the domain of each construct and specifying the measurement 262 

objectives. This required an extensive literature review to establish the six constructs. In the second 263 

stage, a list of items for each construct was developed to measure them accurately. This stage 264 

produced 37 items. The third stage was pre-testing, where four experts from academics and industry 265 

were recruited to assess the ease of use and clarity of the questionnaire. Based on their feedback, 266 

adjustments were made, including clarifying statements, removing ambiguous terms, and changing 267 

terminology for better understanding. The fourth stage involved pilot testing, where 10 participants 268 

from official service partners were recruited to provide feedback for refining the instrument. In the 269 

final stage, the interrater agreement questionnaire was distributed to 25 service partner participants 270 

and academic experts with knowledge of the supply chain. There were three criteria for removing 271 

items: if the mean value was less than the midpoint, if the 𝑝 -value was greater than 0.05, and if the 272 

power was less than 0.8 (Sud-on et al. 2013). Based on these three criteria, no items were removed, 273 

all 37 items were retained. 274 

 275 

3.2. Preliminary data analysis 276 

The survey data included participants from five motorcycle companies in Indonesia, all of which 277 

are members of The Indonesian Motorcycle Association. The sampling frame consisted of 278 

approximately 6830 service partners, gathered by the researcher from the official websites of these 279 

motorcycle companies. The study involved managers from authorized service partners of the 280 

companies, who had at least one year of work experience. A simple random sampling technique 281 

was applied to support broader applicability of the results. 282 

The questionnaire was distributed in two ways: online and by mail, to accommodate service 283 

partners who do not use email. A total of 2025 questionnaires were distributed, with 1025 sent online 284 

and 1000 by mail. The mail survey was conducted only once without a reminder, whereas the online 285 

survey included two reminders. A total of 442 responses were received for the initial wave, while 286 

201 responses were received for the second and third reminders. In total, 643 responses were  287 
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Figure 1 Methodological approach  290 
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received (31.8 percent response rate). However, 100 responses from the initial wave and 41 291 

responses from the final waves could not be processed further because these were incomplete and 292 

excluded from the analysis. Therefore, only 502 responses could be processed further. 293 

The demographic profile data of the participants highlighting an uneven market share 294 

distribution among the five motorcycle brands in Indonesia. One brand stands out with a dominant 295 

market share, as indicated by 75.3 percent of survey participants, followed by another brand with 296 

18.1 percent. The remaining three brands have smaller market shares compared to these two. Most 297 

participants are based on the island of Java, making up 66.5 percent of the total, which aligns with 298 

Indonesia's population distribution, where the majority live in Java. Additionally, 63.8 percent of 299 

participants have been operating for more than 10 years, with the characteristics of long-term 300 

collaboration. The service partners are primarily micro-enterprises with fewer than 10 employees 301 

(91.6 percent). Among those who completed the survey, 57.2 percent are heads of service centre 302 

workshops, and 34.9 percent are direct owners. A significant portion, 63.1 percent, have over 10 303 

years of experience in the motorcycle industry, while 66 percent have been heads of service centre 304 

workshops for more than 5 years. The service centre workshop heads are predominantly male (94.2 305 

percent), with 45.2 percent aged between 36-45 years, and nearly all have an education level above 306 

high school. 307 

To assess non-response bias, Levene’s test for equality of variance and a t-test for the equality of 308 

means were utilized to determine if there were any statistically significant differences between the 309 

responses from the early wave (n=342) and the late wave (n=160). The results indicated no 310 

statistically significant differences between the early and late waves for the five constructs, with 𝑝-311 

values exceeding 0.05. Thus, it can be concluded that there is no non-response bias in the data used 312 

in this study. 313 

Data analysis in this study involved several statistical techniques to ensure the validity and 314 

reliability of the measurement and structural models. First, Exploratory Factor Analysis was 315 

conducted to identify the underlying factor structure and to explore the dimensionality of the 316 

constructs without imposing a predefined structure. This was followed by Confirmatory Factor 317 

Analysis to test the hypothesized measurement model and to verify the factor structure identified 318 

in the EFA, ensuring that the observed variables adequately represented their respective latent 319 

constructs. Discriminant validity was assessed to confirm that the constructs were distinct from one 320 

another. Construct reliability, such as Composite Reliability (CR), was also evaluated to ensure 321 

internal consistency of the items measuring each construct. Additionally, to address potential biases 322 

arising from the use of self-reported survey data, Common Method Bias (CMB) was assessed using 323 

techniques such as Harman's single-factor test. Finally, the structural model was evaluated using 324 

Structural Equation Modelling to test the hypothesized relationships between constructs, examining 325 

path coefficients, model fit indices, and the explanatory power (R²) of the dependent variables. 326 

4. Results  327 

 328 

4.1. Validity test  329 

Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted to 330 

validate the test. EFA was performed using SPSS version 26 to assess the dimensionality of the scale, 331 

followed by CFA using AMOS version 26 to evaluate convergent validity, discriminant validity, 332 

and factorial validity. EFA was individually conducted for the six constructs, utilizing promax 333 

rotation and maximum likelihood extraction. The six constructs resulted in a one-factor solution, 334 

explaining a total variance of 51.44–68.75 percent with factor loadings ranging from 0.47–0.88. 335 

According to Brown (2015), factor loadings below 0.5 are considered invalid. Therefore, from the 336 

EFA process, two items were dropped: SCAR7 and GSC5, with factor loadings of 0.340 and 0.337, 337 

respectively. 338 
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There are three stages to confirm convergent validity. First, calculate the chi-squared values, then 339 

if the chi-squared rejects at a 𝑝 -value < 0.01; modification indices can be utilized to detect shared 340 

underlying factors across the measurement items. A cautious approach should be adopted to 341 

identify and eliminate items, especially ones with insufficient validity scores (refer to the interrater 342 

agreement results). These results confirm evidence of convergent validity using the following 343 

goodness of fit indices cut-off values: 𝑝 > 0.05, norm χ² ≤ 3, RMSEA < 0.06, SRMR < 0.08, CFI ≥ 0.95, 344 

and TLI ≥ 0.95 (Hu & Bentler 1998; Yu 2002). After this process, several items need to be deleted 345 

(OLD6, SCI6, SCD5, SCAR6 and GSC6). Standard factor loadings for all items ranging from 0.671-346 

0.876 (greater than 0.5).  347 

The goal of discriminant validity testing is to verify that a construct shows stronger associations 348 

with its intended measures than with variables from different constructs in the framework (Rönkkö 349 

& Cho 2022). The six constructs demonstrated discriminant validity as each one's average variance 350 

extracted (AVE) was greater than its squared correlation with any other construct (Table 1).  351 

 352 

Table 1 Discriminant validity 353 

 Domain of constructs 

 PSSGCP SCI OLD SCD SCAR GSC 

PSSGCP 0.815      
SCI 0.420 0.828     
OLD 0.266 0.732 0.829    
SCD 0.701 0.490 0.369 0.767   
SCAR 0.313 0.696 0.711 0.426 0.791  
GSC 0.525 0.310 0.304 0.645 0.351 0.789 

 354 

This validation step assesses if hypothesized latent variables form meaningful constructs by 355 

analyzing overall model fit statistics. The satisfactory fit indices obtained verified the factorial 356 

validity of the measurement model (normed χ² = 1.929, SRMR = 0.030, RMSEA = 0.043, CFI = 0.964, 357 

and TLI = 0.960). 358 

 359 

4.2. Construct reliability  360 

To measure construct reliability, three metrics were used: coefficient H, construct reliability, and 361 

Cronbach's alpha. The results confirm that the scale reliability is good, with H values ranging from 362 

0.865-0.938, construct reliability ranging from 0.850-0.932, and Cronbach's alpha values ranging 363 

from 0.842-0.932 (Table 2).  364 

 365 

Table 2 Measurement variables (constructs) and their corresponding scale indicators  366 

Code Domain of constructs and items References Factor loading 
 

OLD is defined as dynamic process that involves create and transfer new knowledge aiming for 
improving the SC capabilities, H=0.917, Cronbach's alpha=0.916, CR=0.916 

OLD1 Our main dealer partner has ceaselessly upgrade our 
knowledge of PSS and environmental awareness. 

(Dewi et al. 
2023) 

0.846 

OLD2 A variety of training sessions have been developed to 
improve our agility, quickness, innovation 
capabilities, and awareness of environmental issues 

(Dewi et al. 
2023) 

0.824 

OLD3 As a testament to our lasting collaboration, our main 
dealer partner has continuously provided training 
programs designed to enhance service partner 
capabilities. 

(Dovbischuk 
2022) 

0.840 

OLD4 Our main dealer partner strengthen our capabilities 
to achieve green, agile and resilient supply chain. 

(Dewi et al. 
2024) 

0.803 
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Code 
 
 

Domain of constructs and items 
 

References 
 

Factor loading 
 

OLD5 We and our main dealer continuously learn about 
customers’ needs and requirements. 

(Dewi & 
Hermanto 
2024) 

0.832 

OLD6 Variety training courses of product and technical 
service has been supplied to us by the main dealer 
(omitted). 

(Dewi et al. 
2024) 

- 

SCI is defined as long-term collaboration among stakeholders in the SC for all processes, joint planning 
and decision in the SC, H=0.918, Cronbach's alpha=0.916, CR=0.916 

SCI1 We sharing information with our main dealers about 
sales forecast, stock level, customers’ expectation and 
responsibilities on environmental impact. 

(Jajja, Chatha & 
Farooq 2018) 

0.838 

SCI2 We maintain long term collaborative agreement with 
our main dealer to deliver PSS and achieve 
environmental goals. 

(Jajja, Chatha & 
Farooq 2018) 

0.846 

SCI3 We maintain joint decision making with our main 
dealer about PSS delivery, quality improvement and 
resolve environment-related problems. 

(Jajja, Chatha & 
Farooq 2018) 

0.864 

SCI4 We maintain good communication with customers 
through multiple communication channels. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.781 

SCI5 We continually seek input from customers to assess 
their satisfaction levels and gather feedback of 
Product-service systems. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.809 

SCI6 We maintain integrated data with main dealers 
within our SC network (omitted). 

(Tan et al. 
2023) 

- 

SCD is defined as transformation of business routines from traditional systems to digital systems, 
H=0.865, Cronbach's alpha=0.842, CR=0.850 

SCD1 We have utilized digital tools to communicate with 
our main dealer. 

(Yu et al. 2023) 0.675 

SCD2 We have employed digital devices to record 
transactions with our customers. 

(Yu et al. 2023) 0.713 

SCD3 We possess the ability to exchange digitalized data 
with our customers to ensure effective 
communication of PSS. 

(Qiao et al. 
2023) 

0.850 

SCD4 Our system enables real-time digital data sharing 
with our primary dealer partner for operational, 
inventory, and sustainability planning purposes.   

(Yu et al. 2023) 0.818 

SCD5 We have utilized digital technologies to create 
innovative PSS that can appeal to untapped markets 
(omitted). 

(Qiao et al. 
2023) 

- 

SCAR is defined as the capability of SC to acknowledge effectively and promptly to the market changes 
and quickly recover to the original state, H=0.895, Cronbach's alpha=0.892, CR=0.893 

SCAR1 We continuously enhance our PSS to rapidly boost 
customer satisfaction levels. 

(Kim & Chai 
2017) 

0.805 

SCAR2 We continuously enhance the reliability of our PSS 
delivery through rapid improvements. 

(Kim & Chai 
2017) 

0.804 

    

  367 
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Code 
 
 

Domain of constructs and items 
 

References 
 

Factor loading 

SCAR3 We continuously reconfigure our PSS supply chain 
capabilities to swiftly adapt to evolving market 
demands. 

(Al-Omoush, 
Palacios-
Marqués & 
Ulrich 2022) 

0.750 

SCAR4 We continuously drive innovation in our PSS 
offerings to maintain market leadership. 

(Boon-itt, Wong 
& Wong 2017) 

0.794 

SCAR5 We have capabilities and resources to deal with 
disruption and quickly recover from it . 

(Shukor et al. 
2021) 

0.804 

SCAR6 We continuously reconfigure our supply chain 
resource capacity to rapidly mitigate demand 
disruptions (omitted). 

(Belhadi et al. 
2022) 

- 

SCAR7 Our team proactively reconfigures production 
capacities to seamlessly customize orders based on 
client requirements (omitted). 

(Belhadi et al. 
2022) 

- 

GSC is defined as organizational principles that aim to achieve both profit and economic benefits while 
also improving ecological efficiency by reducing the environmental impact of industrial activities, 
H=0.874, Cronbach's alpha=0.866, CR=0.868 

GSC1 Our product is designed and manufactured to 
facilitate recycling, rework, and repair. 

(El Khoury et al. 
2023) 

0.801 

GSC2 Our product is designed and manufactured using eco-
friendly materials with a long material lifespan and 
reduce negative impacts on the environment. 

(El Khoury et al. 
2023) 

0.724 

GSC3 Our product is manufactured in accordance with 
environmental standards and regulations. 

(El Khoury et al. 
2023) 

0.836 

GSC4 We prolong the product lifespan through the 
provision of a bundle Product-service systems. 

(Dewi et al. 
2023) 

0.791 

GSC5 Our company has electric motorcycle to support low 
emission (omitted). 

(El Khoury et al. 
2023) 

- 

GSC6 The company prioritizes the management of 
environmental issues concerning PSS delivery  
(omitted). 

(El Khoury et al. 
2023) 

- 

PSSGCP is defined as a company's approach to achieve good quality, flexibility, profits and delivery while 
considering the integration of environmental awareness, H=0.938, Cronbach's alpha=0.932, CR=0.932 
PSSGCP1 We have high speed of PSS offering deliveries. (Choi, Min & Joo 

2018) 
0.825 

PSSGCP2 We have high volume/ capacity flexibility. (Choi, Min & Joo 
2018) 

0.841 

PSSGCP3 We have a high degree of PSS variety offering. (Akın Ateş et al. 
2022) 

0.838 

PSSGCP4 We have high performance of PSS quality offering. (Akın Ateş et al. 
2022) 

0.845 

PSSGCP5 We have high level of customer satisfaction. (Akın Ateş et al. 
2022) 

0.876 

PSSGCP6 We have high level of PSS profitability. (Akın Ateş et al. 
2022) 

0.671 

PSSGCP7 We have reduced the use of harmful, toxic, and 
hazardous substances in our products. 

(Pham & Pham 
2021) 

0.794 

 368 

 369 

 370 
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4.3. Common method bias assessment 371 

Harman’s single-factor test is used to assess Common Method Variance (CMV); by placing all 372 

construct items into one factor and utilizing maximum likelihood extraction, we found an average 373 

variance extracted of 32.5%, indicating no significant CMV (Podsakoff et al. 2003). To further 374 

evaluate CMV, a common latent factor (CLF) was incorporated into the measurement model; 375 

comparing the CFA models with and without the CLF, the results showed that the differences in 376 

regression weights were less than 0.2, confirming the absence of CMV (MacKenzie, Podsakoff & 377 

Podsakoff 2011). 378 

  379 

4.4. Assessment of structural model 380 

Results confirmed appropriate model fit for the proposed structural framework, with normed χ² 381 

= 2.269, SRMR = 0.040, RMSEA = 0.050, CFI = 0.95, and TLI = 0.95 (Figure 2). The model is also 382 

considered parsimonious, given a PCFI value of 0.87. 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

: Supported,         : Not Supported, *** p < 0.001 394 

 395 

Figure 2 Structural model findings including path coefficients and explained variances 396 

 397 

The ten hypotheses were tested using Structural Equation Modelling. The results indicate that 398 

GSC positively affects PSSGCP, with a coefficient of 0.514 (𝑝 < 0.001), supporting H1. Hypothesis 399 

H2, which posits that SCAR positively impacts PSSGCP, is supported by a path coefficient of 0.157 400 

(𝑝 < 0.001). Similarly, H3a is validated, showing that OLD influences GSC, with a coefficient of 0.135; 401 

likewise, H3b is supported, demonstrating OLD shows a positive correlation with SCAR, with a 402 

coefficient of 0.429 (𝑝 < 0.001). Moreover, OLD positively affects SCI with a coefficient of 0.732 (𝑝 < 403 

0.001), supporting H6. SCI does not have a significant impact to GSC (H4a), but H4b is supported, 404 

showing that SCI positively affects SCAR with a coefficient of 0.327 (𝑝 < 0.001). Additionally, SCI is 405 

positively associated with SCD with a coefficient of 0.490 (𝑝 < 0.001), supporting H7. Lastly, SCD 406 

has a significant impact to GSC (H5a=0.681, 𝑝 < 0.001), likewise H5b is supported, displaying that 407 

SCD has a significant positive effect on SCAR, with a coefficient of 0.120. The R² values for SCI, SCD, 408 

GSC, SCAR and PSSGCP: 0.536, 0.240, 0.469, 0.585 and 0.340, respectively. 409 

 Although indirect effect hypotheses were not explicitly formulated, this section explores them 410 

to enhance the depth of analysis. The significance of the mediation paths was evaluated through 411 

bias-corrected bootstrapping based on 2,000 random samples. Table 3 summarizes eight significant 412 

R2 = 0.469 

GSC H1 H3b H6 
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H2 
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R2 = 0.585 R2 = 0.536 

H5a 

SCD 
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mediation paths. The relationship between OLD and SCD is fully mediated by SCI, emphasizing 413 

SCI's role in enabling digital transformation. The path from SCI to GSC is also fully mediated by 414 

SCD, highlighting that SCI must be operationalized through digitalization to impact green practices. 415 

The effect of OLD on GSC is partially mediated by SCI and SCD, with both direct and indirect effects 416 

significant. Similarly, the relationship between OLD and SCAR shows partial mediation through 417 

SCD, indicating that digital capabilities complement organizational learning. The path from SCI to 418 

SCAR is partially mediated by SCD, though the indirect effect is relatively small. Regarding 419 

PSSGCP, three full mediation paths are identified: (1) OLD affects PSSGCP through GSC, SCAR, 420 

and SCD, (2) SCI influences PSSGCP via SCD and SCAR, and (3) SCD impacts PSSGCP through 421 

GSC and SCAR. These results highlight that enhancing PSSGCP depends on the integration and 422 

mediation of SCI, SCD, GSC, and SCAR rather than on direct effects alone. 423 

Table 3 Mediation paths 424 

Path  
(mediation type) 

Mediator Indirect effect Interpretation 

OLD - SCD (full) SCI 0.328 SCI fully mediate the relationship 
OLD-GSC (partial) SCI, SCD 0.158 Both direct and indirect significant 
OLD-SCAR (partial) 
SCI-GSC (full) 
SCI-SCAR(partial) 
OLD-PSSGCP(full) 
SCI-PSSGCP (full) 
SCD-PSSGCP (full) 

SCD 
SCD 
SCD 
GSC,SCAR,SCD 
SCD, SCAR 
GSC, SCAR 

0.323 
0.320 
0.069 
0.221 
0.151 
0.333 

Both direct and indirect significant 
Only indirect path significant 
Minor mediation via SCD 
Fully mediated through multiple paths 
Fully mediated through multiple paths 
Fully mediated through multiple path 

5. Discussions 425 

OLD items exhibit strong loadings ranging from 0.803 to 0.846, confirming that the training and 426 

knowledge-sharing initiatives provided by the main dealer are well reflected in the items. This 427 

supports the conceptualization of OLD as a dynamic process aimed at improving SC capabilities. 428 

SCI items also show robust loadings between 0.781 and 0.864, reinforcing the significance of long-429 

term collaboration, joint decision-making, and customer engagement in achieving effective 430 

integration. SCD has slightly more varied loadings, ranging from 0.675 to 0.850. While SCD1 and 431 

SCD2 fall just below the ideal threshold, they are still considered acceptable in the early stages of 432 

scale development. The strongest loading (0.850) for SCD3 highlights the importance of digitalized 433 

communication with customers. SCAR items load between 0.750 and 0.805, indicating consistent 434 

performance across items related to PSS innovation, adaptability, and recovery capabilities. GSC 435 

indicators show adequate loadings from 0.724 to 0.836, validating the focus on green design, 436 

regulatory compliance, and lifecycle management. PSSGCP items are generally high-loading, with 437 

values between 0.671 and 0.876. The slightly lower loading of PSSGCP6 (0.671) is still within 438 

acceptable limits, especially when theoretical support exists. The highest loading (0.876) underlines 439 

the role of customer satisfaction in competitive performance. Also, by analyzing the items' 440 

standardized loadings, executives can identify key capability priorities for boosting PSSGCP, 441 

allowing motorcycle company managers to systematically focus their strategic efforts where they 442 

will have the greatest impact. 443 

PSSGCP reflect a firm's ability to integrate environmental sustainability with high operational 444 

and market performance. First, high speed of PSS offering deliveries indicates a responsive and 445 

efficient service model, which enhances customer satisfaction and market agility. High 446 

volume/capacity flexibility shows the firm’s capability to adapt production and service outputs 447 

based on fluctuating demand, which is essential in dynamic and environmentally conscious 448 

markets. The high degree of PSS variety offering reflects innovation and customization, allowing 449 

firms to cater to diverse customer needs while embedding sustainable features into each variant. 450 

High performance of PSS quality offering demonstrates the firm’s ability to maintain superior 451 
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standards, which builds trust and supports long-term relationships with customers. High levels of 452 

customer satisfaction are critical outcomes of the combined performance in speed, flexibility, 453 

variety, and quality, reinforcing customer loyalty and positive environmental perception. 454 

Additionally, high levels of PSS profitability ensure that environmental initiatives are economically 455 

viable, proving that green practices can be both sustainable and financially beneficial. Finally, the 456 

reduction in the use of harmful, toxic, and hazardous substances directly supports environmental 457 

goals and regulatory compliance, while also contributing to safer and eco-friendlier products. 458 

Collectively, these indicators confirm that a well-executed green PSS strategy can simultaneously 459 

deliver environmental value, customer satisfaction, and competitive business performance. 460 

Integrating green awareness and achieving competitive business goals are two crucial aspects 461 

highlighted in recent studies (Kumar et al. 2024). However, most recent studies investigate 462 

competitive performance and green awareness as separate entities (Zhu et al. 2022). Existing 463 

research rarely explores how to manage green and competitive performance as a unified measure, 464 

known as PSSGCP. This study reveals that GSC has a significant positive effect on PSSGCP, as well 465 

as SCAR is positively associated with PSSGCP as supported by hypothesis 1 and 2, respectively. 466 

This is the first contribution to the body of knowledge, where our findings suggest that GSC and 467 

SCAR have a positive impact on PSSGCP. Furthermore, the results of this research contribute to the 468 

existing literature in multiple aspects.  469 

This study shows that OLD positively impacts the GSC, as well as SCD positively impact the 470 

GSC. The observed outcomes corroborate the results reported by Evangelista and Hallikas (2022), 471 

which emphasize the important role of SCD in achieving green objectives, as well as the findings of  472 

Yang et al. (2024), which confirm OLD as a positive moderator for improving sustainability. Only 473 

SCI does not significantly impact the green supply chain. However, there is a significant path from 474 

OLD to SCI and SCD, which positively affects GSC. This finding suggests that while SCI is 475 

important, it is not sufficient on its own to directly drive GSC. Instead, SCI must first enable the 476 

organization to digitally transform its supply chain processes (SCD). These digital capabilities, in 477 

turn, create the necessary transparency, responsiveness, and process efficiency required to 478 

implement and scale environmentally sustainable practices. Thus, without the digital infrastructure 479 

and capabilities provided by SCD, the strategic alignment facilitated by SCI may lack the operational 480 

leverage needed to impact GSC outcomes. This highlights the sequential and complementary nature 481 

of capabilities in achieving green performance: integration enables digitalization, which then 482 

enables environmental performance improvements. The general assumption in the existing 483 

literature is that SCD accelerates improvements of SCI (Shi et al., 2023; Liu et al., 2022). However, in 484 

this study, we found the opposite due to the nature of the motorcycle industry, where long-term 485 

collaboration and close relationships in their SC result in strong integration between manufacturers, 486 

main dealers and service partners. The integration in their SC positively impacts the enhancement 487 

of SCD capabilities. 488 

This study further demonstrates that OLD, SCI and SCD positively impact SCAR. All three 489 

constructs have a positive impact on SCAR. This aligns with prior research findings (Abdelilah, El 490 

Korchi and Amine Balambo, 2023; Eryarsoy et al., 2022). Similarly, the existence of a significant path 491 

from OLD to SCI and SCD, positively affects SCAR, confirms that all three constructs are important 492 

for enhancing SCAR. 493 

It is noteworthy that this study contributes to extending the use of DC into the context of PSS 494 

and SC. This is demonstrated by the use of DC as the underpinning theory, which was thoroughly 495 

detailed in the survey's development and has been tested to be valid and reliable. Regarding 496 

practical implications, the research underscores how collaborative SCI between core stakeholders 497 

(manufacturers, main dealers, and service partners) is essential for successful PSS implementation. 498 

OLD, represented by knowledge transfer and training provided by manufacturers and main dealers 499 

to service partners, as well as SCD, which adopts technological advancements to build a green, agile, 500 

and resilient SC, are also highlighted. This study further shows that dynamic capabilities—often 501 

described as company-specific, tacit, and difficult to imitate or transfer—can in fact be effectively 502 
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shared and developed through strong collaboration within the motorcycle industry supply chain. 503 

The findings illustrate that with strategic and ongoing collaboration, even deeply embedded 504 

capabilities such as agility, innovation, and green awareness can be disseminated across 505 

organizational boundaries. 506 

6. Conclusions and future research 507 

This study underscores the crucial role of green supply chain, agility, and resilience in enhancing 508 

PSS green competitive performance. Grounded in the dynamic capabilities theory, it highlights the 509 

importance of developing organizational capabilities—such as flexibility, robustness, and 510 

responsiveness—to navigate disruptions and capitalize on opportunities in a volatile environment. 511 

The integration of organizational learning development, supply chain integration, and supply chain 512 

digitalization is identified as key to strengthening these capabilities. The findings show that effective 513 

green supply chain not only support environmental goals but also achieve high quality, flexibility, 514 

profitability, and reliable delivery. By connecting green, agile, and resilient supply chain concepts 515 

within a dynamic capabilities framework, this study provides a holistic perspective and offers 516 

practical insights for motorcycle industry practitioners seeking to improve their PSS green 517 

competitive performance. Despite these valuable insights, this study has several limitations that 518 

warrant further research. First, the study primarily examines supply chain performance within a 519 

specific industry context, which may limit the generalizability of its findings across different sectors. 520 

Second, the geographical scope of the study is confined to Indonesia. Future research could apply 521 

this framework to different industries and broader geographical areas to achieve more generalizable 522 

conclusions. Additionally, the study focuses on a predetermined set of performance indicators; 523 

expanding this scope to incorporate emerging factors such as the circular economy, block chain 524 

technology, and artificial intelligence-driven supply chain would provide deeper insights into the 525 

evolving landscape of the topic. Future research could incorporate social indicators to provide a 526 

more complete evaluation of sustainability performance. Lastly, this study relies on cross-sectional 527 

survey data, capturing performance at a single point in time to assess performance. However, this 528 

performance is likely to shift over time. It would be insightful to use a longitudinal approach to 529 

track changes in performance and the capabilities that evolve with these changes. 530 
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Abstract: Incorporating environmental awareness into business operations while maintaining 11 

competitive performance presents a significant challenge. To address this, many companies are 12 

enhancing their offerings by integrating services with products—a strategy known as Product–13 

Service Systems (PSS). This innovation aims to boost competitiveness and foster environmental 14 

consciousness. However, although PSS is recognized as a valuable approach for staying competitive, 15 

the interplay between PSS and its influencing capabilities remains insufficiently explored in current 16 

literature. This study examines the relationships among Organizational Learning Development 17 

(OLD), Supply Chain Integration (SCI), Supply Chain Digitalization (SCD), Supply Chain Agility and 18 

Resilience (SCAR), Green Supply Chain (GSC), and Product–Service Systems’ Green Competitive 19 

Performance (PSSGCP). Data were gathered through a structured survey involving 502 official 20 

motorcycle service partners in Indonesia and analyzed using Structural Equation Modelling (SEM). 21 

The results confirm significant positive relationships between GSC and PSSGCP, and between SCAR 22 

and PSSGCP. Moreover, OLD, SCI, and SCD each positively influence SCAR, while only OLD and 23 

SCD show direct positive effects on GSC. The analysis also reveals that OLD positively influences 24 

SCI, which subsequently impacts SCD—indicating that SCI’s influence on GSC is mediated through 25 

SCD. These findings provide practical and theoretical insights, enabling managers and researchers to 26 

better align green and competitive performance goals. Furthermore, managers can assess the 27 

standardized loadings to evaluate the contribution of each capability to enhancing PSSGCP. 28 

Keywords: Agile supply chain; Green competitive performance; Green supply chain; 29 

Product–service systems; Supply chain resilience 30 

 31 

1. Introduction 32 

Companies in the manufacturing sector, once solely dedicated to product manufacturing, are 33 

now embracing services as an integral part of their business strategy. This trend, known as Product-34 

Service Systems (PSS), represents an innovative approach adopted by firms to remain competitive 35 

and effectively meet evolving customer expectations. With environmental awareness taking 36 

precedence, PSS, initially defined as the integrated bundling of products and services to create 37 

value-added products and boost customer satisfaction (Beuren, Ferreira & Miguel 2013), is being 38 

redefined. The PSS definition now includes the producer's responsibility for the product at its end 39 
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of life. PSS is perceived as an innovative bundling of products and services, aiming to offer not just 40 

a product but also services throughout the product’s life cycle to maintain environmental 41 

sustainability (Annarelli, Battistella & Nonino 2016).  42 

In recent times, various disruptions, including natural disasters, the COVID-19 pandemic, fierce 43 

competition in the business landscape, distribution failures, and other unforeseen events, have 44 

caused interruptions. These disruptions necessitated a departure from business-as-usual practices. 45 

The characteristics such as flexibility, speed, innovations and responsiveness are required in the 46 

erratic condition such as nowadays (Al-Omoush, Palacios-Marqués & Ulrich 2022; Ashari et al. 47 

2018). Hence, the agility and resilience of supply chain (SC) guide the companies in the SC to be 48 

operated as stable and normal mode when disruptions occur (Kazancoglu et al. 2022).  49 

To address these challenges, the concepts of supply chain agility and resilience—collectively 50 

referred to in this study as Supply Chain Agility and Resilience (SCAR)—have gained prominence. 51 

While both share overlapping characteristics such as speed, flexibility, and responsiveness, they 52 

serve distinct purposes. Agility focuses on swiftly responding to market changes and consumer 53 

needs, whereas resilience emphasizes the ability to absorb shocks and maintain continuity (Gligor 54 

et al. 2019). Given their common objective of improving supply chain performance, this study uses 55 

the integrated term SCAR to reflect their complementary roles. 56 

However, agility and resilience alone are insufficient for long-term sustainability. In today’s 57 

context, environmental awareness must also be incorporated into corporate strategies (Singh, 58 

Hamid & Garza-Reyes 2023). Without active engagement in environmental stewardship, the 59 

degradation of natural resources could threaten supply continuity, particularly raw materials 60 

critical to manufacturing operations. In response, companies are increasingly facing pressure from 61 

governments, stakeholders, and society to comply with environmental standards and reduce 62 

negative ecological impacts (Abdallah et al. 2024). This pressure makes Green Supply Chain (GSC) 63 

practices essential. 64 

Despite the recognized importance of environmental consciousness and supply chain agility and 65 

resilience, their integration within the PSS context remains underexplored (Ghaderi et al. 2024; 66 

Ivanov 2022). While PSS has been widely studied—primarily from a consumer service and 67 

innovation perspective (Sassanelli & Pacheco 2024; Soellner et al. 2024)—there is a notable gap in 68 

understanding the supply chain capabilities required to simultaneously support both Green Supply 69 

Chain practices and Supply Chain Agility and Resilience. Existing literature tends to focus on 70 

upstream supply chain elements, emphasizing consumer-centric innovation, while overlooking 71 

critical operational aspects such as logistics management, supply chain integration, and the capacity 72 

development of weaker partners within the network. Addressing this research gap, this study 73 

investigates the PSS supply chain capabilities—namely, Organizational Learning Development 74 

(OLD), Supply Chain Integration (SCI), and Supply Chain Digitalization (SCD)—that are essential 75 

to strengthening both GSC and SCAR, thereby enhancing PSS Green Competitive Performance 76 

(PSSGCP). 77 

Addressing the weaknesses in the current body of knowledge, this study investigates three gaps 78 

which constitute the research questions of this study are as follows (1) What is the relationship 79 

between GSC and PSSGCP, as well as SCAR and PSSGCP? (2) What are the PSS SC capabilities 80 

(OLD, SCI and SCD) affecting the GSC and SCAR? (3) What is the relationship between OLD and 81 

SCI, as well as between SCI and SCD? 82 

This study offers a novel contribution by integrating GSC practices and SCAR within the context 83 

of PSS—an intersection that has remained underexplored in existing literature. Unlike prior research 84 

that predominantly centers on the upstream, consumer-facing dimensions of PSS, this study 85 

emphasizes SC capabilities—specifically OLD, SCI, and SCD—as critical enablers for both 86 

environmental sustainability and operational adaptability. By proposing and empirically examining 87 

the role of these capabilities in enhancing PSSGCP, this study establishes a comprehensive and 88 

integrative framework that differentiates itself from earlier fragmented approaches to either GSC 89 

and SCAR in isolation. The research is situated within the motorcycle industry supply chain, 90 
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providing a relevant and dynamic context characterized by high product complexity, competitive 91 

pressures, and increasing environmental expectations. The urgency and relevance of this research 92 

are further underscored by the growing frequency of global disruptions and increasing 93 

environmental pressures, which compel firms to rethink and restructure their SC. As such, the 94 

findings not only contribute to the academic contributions but also offer practical insights for firms 95 

aiming to achieve sustainable and resilient competitive advantages in today’s volatile and 96 

sustainability-driven market landscape. 97 

2. Theoretical framework and hypotheses development 98 

The conceptual theoretical framework in this study is guided by the Dynamic Capabilities (DC) 99 

theory. The high pressure from stakeholders and the government for green and environmental 100 

awareness, along with the dynamic and erratic business environment with frequent disruptions 101 

after the pandemic; consequently, DC offers a well-suited theoretical grounding for this analysis. 102 

Likewise, the characteristics of the collaboration within SC to provide PSS requires theory that 103 

accommodates dynamic resources and capabilities that will grow within SC. For example, Paiola et 104 

al. (2013) confirmed that the development of capabilities within the SC network using DC includes 105 

customer orientation, PSS partnership, knowledge and technical expertise and risk control.   106 

DC is defined as the capacity of the organization to constantly integrate, renew and reconfigure 107 

its resources and capabilities to respond to the changing environment to keep the competition (Teece 108 

2007). Moreover, DC is hard to be enhanced in solely company as they should be progressed 109 

together within the network (Defee & Fugate 2010). DC suits well to guide the proposed framework 110 

as the framework is developed for SC network. This research focuses on the motorcycle SC, aiming 111 

to deliver PSS. To accomplish this, the SC network in the motorcycle industry involves collaboration 112 

among manufacturers, intermediaries, and service partners. The term "main dealer" is better known 113 

among service partners as an intermediary of the manufacturer that bridges the development of DC 114 

within the network.  115 

In this study, OLD, SCI and SCD are considered as dynamic capabilities that should be created 116 

within a network, to be able to sense, seize and reconfigure internal and external resources to deal 117 

with rapid changing environment. In response to this challenge, GSC and SCAR are essential for 118 

navigating the unpredictable business environment. Specifically, GSC is crucial for sustaining long-119 

term performance improvements while preserving green resources needed for the future. 120 

 121 

2.1. PSSGCP 122 

Companies are struggling to find themselves and survive in the business competition, 123 

nowadays. Competitive performance is the result of a competitive advantage, indicating a 124 

company's ability to innovate and surpass its competitors (Kumar et al. 2024). As such, various 125 

performance indicators can be used, including product and service quality, delivery efficiency, 126 

flexibility, responsiveness, the ability to provide high levels of customer service and profit 127 

generation capability (Wiredu et al. 2024; Glukhov et al. 2023; Mohammadi & Mukhtar 2018). PSS 128 

offers a method to achieve differentiation by satisfying customers with not just high-quality 129 

products but also complementary services, thereby extending the lifespan of the products and 130 

supporting green initiatives.  131 

Along the way, the erratic conditions these days required agility and resilience, but to stay in a 132 

business for a long-term, the green concept must be added to it. The GSC is defined as a company's 133 

approach to achieving profits while considering the integration of environmental awareness, 134 

starting from product design, material selection, production, product delivery to consumers, and 135 

end-of-life product management, with the goal of reducing environmental impact (Hebaz, Oulfarsi 136 

& Eddine 2024). Hence, this study aims to identify the PSS SC capabilities required to improve the 137 

PSSGCP which focus on enhancing green, agility and resilience capabilities.  138 

 139 
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2.2.  GSC 140 

GSC is defined as organizational philosophies to not only pursue economic advantage of 141 

business but also enhancing the green efficiency by minimizing environmental impact of industrial 142 

activities  (Gawusu et al. 2022). The green SC practices should cover all activities throughout the 143 

industrial process from purchasing, production, logistics, distribution and the product end of life 144 

(Bustinza, Vendrell-Herrero & Chiappetta Jabbour 2024; Suwignjo et al. 2023). PSS actually serves 145 

as part of the effort to extend the product lifespan by providing product maintenance services. The 146 

scope of GSC extends from reactive environmental control to proactive efforts such as refurbishing, 147 

reusing, reducing, recycling, and remanufacturing (de Oliveira et al. 2018). It is challenging to 148 

visualize how GSC practices relate to operational SC benefits. Novitasari and Agustia (2021) didn't 149 

discover a positive link between GSC and SC performance. PSSGCP merges SC performance with 150 

environmental considerations. Thus, to explore this association, below are the proposed hypotheses 151 

to be examined. 152 

H1.  GSC positively affects PSSGCP. 153 

 154 

2.3.  SCAR 155 

The terms agility and resilience share several similar characteristics, such as flexibility, speed, 156 

and responsiveness. Both aim to enhance SC performance, but there are slight differences between 157 

them (Sharma et al. 2024). SC agility is defined as the capability of SC to acknowledge effectively 158 

and promptly to the market changes, while resilience primarily focuses on how quickly the SC 159 

returns to its original state following a disruption, agility emphasizes how swiftly the SC adapts to 160 

meet consumer demands (Kumar & Singh 2025). Therefore, this study employs the terms agility and 161 

resilience interchangeably. SC agility has been identified as a factor contributing to enhanced 162 

competitiveness and is characterized by responsiveness, innovation, swiftness, and flexibility                163 

(Aslam et al., 2024; Raj et al., 2023). SC agility also represents the firm’s dynamic capabilities as its 164 

capabilities to sense, seize and reconfigure firm and SC resources (Dubey et al. 2018). Capabilities 165 

required for resilience are capabilities to face disruptions, hinder shock, quickly recover to the 166 

original state, speed and flexibility which is similar to agility (Gligor et al. 2019). Many studies in 167 

SC showed that there is a positive relationship between SC agility and resilience to improved firm’s 168 

performances (Mahesh, Srivastava & Muthappa 2024). Therefore, it is hypothesized that SCAR are 169 

positively related to PSSGCP. 170 

   H2. SCAR positively affects PSSGCP. 171 

 172 

2.4.  OLD 173 

OLD is defined as a dynamic process that involves creating and transferring new knowledge 174 

aiming for improving the SC capabilities; it confirmed four components to support the inter-firm 175 

organizational learning process: commitment to learning, shared vision, a willingness to consider 176 

diverse ideas and knowledge sharing (Dovbischuk 2022). Gaining knowledge through collaboration 177 

between two or more parties for long-term relationships improves firms’ performances and 178 

resilience (Eryarsoy et al. 2022). Firms that ignore prioritizing OLD have found their response to the 179 

firm performance limited as DC for OLD accumulates gradually through consistent repetition  180 

(Pratono et al. 2019). 181 

Considered as strategic capabilities, continual OLD is crucial for achieving firm’s performance 182 

such as being green, agile and resilient (Eryarsoy et al. 2022), as well as improving the SCI. In this 183 

study, it is evident that motorcycle manufacturers lack the capability to deliver PSS independently 184 

(Dewi & Hermanto 2024). This underscores the necessity for strategic partnerships with the 185 

intermediaries and service providers (Dewi et al. 2024). Manufacturers share expertise to boost OLD 186 

among their service partners. This learning can be facilitated through various mechanisms such as 187 

training sessions, meetings, face-to-face discussions, technical performance reviews and annual 188 

audits (Dewi & Hermanto 2024). These initiatives aim to enhance the technical skills and 189 

performance of partners, making them more agile and resilient in their tasks (Dewi et al. 2024). 190 
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Likewise, OLD has shown to serve as a positive moderator between the adoption of eco-friendly 191 

materials and the prolongation of product lifespan, leading to improved GSC (Yang et al. 2024). 192 

Hence, it is essential in this research to verify if there is a direct positive correlation between OLD 193 

and GSC. Given the description provided, the following hypothesis is proposed. 194 

   H3a. OLD positively affects GSC. 195 

   H3b. OLD positively affects SCAR. 196 

   H6. OLD positively affects SCI. 197 

 198 

2.5.  SCI  199 

The capabilities to integrate within firm and network is stressed by many SC research studies; in 200 

fact, those studies highlighted the significant role of SCI in GSC (Pham & Pham 2021), as well as SCI 201 

in SCAR  (Abdelilah et al. 2023; Shukor et al. 2021). SCI involves enduring alignment between SC 202 

participants throughout all functions, featuring integrated planning and mutual decision processes. 203 

(Jajja, Chatha & Farooq 2018; Abdulameer, Ibrahim & Yaacob 2020). It is not adequate for a firm to 204 

integrate only the internal function within an enterprise but also it is required to integrate all 205 

functions within the SC network (Jajja, Chatha & Farooq 2018). The SC integration process may 206 

involve all areas that are required as a business process in the SC, has three entities: process 207 

integration, supplier integration and customer integration (Shukor et al. 2021).   208 

PSS is one way to extend the product life cycle by providing a bundle of product and service 209 

(Dewi et al. 2023). Collaboration among manufacturers, intermediaries and service partners to 210 

provide PSS is crucial, as well as the same vision to be green in their SCI. Process integration enables 211 

all stakeholders in the supply chain to access the database through unified information systems 212 

(Dadzie et al. 2023). SCI can be viewed as DC, essential for adapting to business and environmental 213 

changes and it also has a positive impact on SCD (Arif, Shah & Khan 2023). Strong relationships 214 

with service partners enable essential capabilities to scan, seize, and reconfigure resources, allowing 215 

the company to effectively respond to changing customer expectations (Cui et al. 2023). In the 216 

motorcycle industry context, service partner suppliers can assist to the customer demand changes 217 

as they have direct contact with customers (Dewi & Hermanto 2023). These coordinated efforts 218 

should improve the utilization of resources and finally impact the SC performance. Then we 219 

propose the following hypotheses.  220 

   H4a. SCI positively affects GSC. 221 

   H4b. SCI positively affects SCAR. 222 

   H7. SCI positively affects SCD. 223 

 224 

2.6.  SCD 225 

Digitalization is defined as transformation of business routines from traditional systems to 226 

digital systems (Tiwari, Sharma & Jha 2024). Digitalization potentially enables the management and 227 

surveillance of energy consumption and waste (Wang et al. 2023). For instance, manual 228 

communication processes that formerly relied on paperwork can now be substituted with digital 229 

systems. Likewise, communication within SC, like interactions between manufacturers, 230 

intermediaries and service partners, demands considerable effort when executed manually, 231 

resulting in waste and slow process (Oubrahim, Sefiani & Happonen 2023).  232 

Digitalization is one way to resolve and arrange data better than manual (Le et al. 2024). Related 233 

to inventory management, digital technology is mostly utilized to manage physical and virtual 234 

inventory in real time to reduce cost of inventory management, thus can quickly make decisions in 235 

real time, preventing faults, also if there is disruption and needs swift changes (Mashayekhy et al. 236 

2022). Besides that, digitalization also ensures tractability, offers monitoring and controlling 237 

(Behnke & Janssen 2020). Also in the case of customer preferences, SCD can predict customer 238 

behaviour changes and to swiftly respond to match the customers’ expectations (Zhou et al. 2023).  239 

In general, it can be concluded that digitalization facilitates the integration of SC processes, thereby 240 

ensuring a quick response to any risks linked to the SC processes (resilience) as well as being 241 
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responsive and agile. Hence, its implementation can enhance both the GSC and SCAR. As such, we 242 

propose the following hypothesis for further examination. 243 

   H5a. SCD positively affects GSC 244 

   H5b. SCD positively affects SCAR 245 

3. Methods 246 

The current section describes the study's methodological approach, where the sequence of 247 

research activities is depicted in Figure 1. 248 

3.1. Development of the instrument 249 

A structured survey was conducted as part of a quantitative analysis to test the proposed 250 

hypothesis, targeting certified motorcycle service partners across Indonesia. The questionnaire was 251 

developed through five stages, which will be explained in the following paragraphs. The 252 

questionnaire consists of two parts: the first part inquires about the demographic information of the 253 

participants and their companies with a total of ten questions. The second part focuses on the core 254 

of this research, which includes 37 questions about OLD (6 items), SCI (6 items), SCD (5 items), 255 

SCAR (7 items), GSC (6 items) and PSSGCP (7 items). To enhance transparency and support 256 

replicability, the questionnaire is provided in Appendix A. All items were measured using a 6-point 257 

Likert scale, where 0 = strongly disagree, 1 = disagree, 2 = somewhat disagree, 3 = somewhat agree, 258 

4 = agree, and 5 = strongly agree. Definitions and conceptual descriptions of each construct—OLD, 259 

SCI, SCD, SCAR, GSC, and PSSGCP—are presented in Table 2. 260 

The survey development process was carried out in five stages (Lewis, Templeton & Byrd 2005). 261 

The first stage involved defining the domain of each construct and specifying the measurement 262 

objectives. This required an extensive literature review to establish the six constructs. In the second 263 

stage, a list of items for each construct was developed to measure them accurately. This stage 264 

produced 37 items. The third stage was pre-testing, where four experts from academics and industry 265 

were recruited to assess the ease of use and clarity of the questionnaire. Based on their feedback, 266 

adjustments were made, including clarifying statements, removing ambiguous terms, and changing 267 

terminology for better understanding. The fourth stage involved pilot testing, where 10 participants 268 

from official service partners were recruited to provide feedback for refining the instrument. In the 269 

final stage, the interrater agreement questionnaire was distributed to 25 service partner participants 270 

and academic experts with knowledge of the supply chain. There were three criteria for removing 271 

items: if the mean value was less than the midpoint, if the 𝑝 -value was greater than 0.05, and if the 272 

power was less than 0.8 (Sud-on et al. 2013). Based on these three criteria, no items were removed, 273 

all 37 items were retained. 274 

 275 

3.2. Preliminary data analysis 276 

The survey data included participants from five motorcycle companies in Indonesia, all of which 277 

are members of The Indonesian Motorcycle Association. The sampling frame consisted of 278 

approximately 6830 service partners, gathered by the researcher from the official websites of these 279 

motorcycle companies. The study involved managers from authorized service partners of the 280 

companies, who had at least one year of work experience. A simple random sampling technique 281 

was applied to support broader applicability of the results. 282 

The questionnaire was distributed in two ways: online and by mail, to accommodate service 283 

partners who do not use email. A total of 2025 questionnaires were distributed, with 1025 sent online 284 

and 1000 by mail. The mail survey was conducted only once without a reminder, whereas the online 285 

survey included two reminders. A total of 442 responses were received for the initial wave, while 286 

201 responses were received for the second and third reminders. In total, 643 responses were  287 
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Figure 1 Methodological approach  290 
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received (31.8 percent response rate). However, 100 responses from the initial wave and 41 291 

responses from the final waves could not be processed further because these were incomplete and 292 

excluded from the analysis. Therefore, only 502 responses could be processed further. 293 

The demographic profile data of the participants highlighting an uneven market share 294 

distribution among the five motorcycle brands in Indonesia. One brand stands out with a dominant 295 

market share, as indicated by 75.3 percent of survey participants, followed by another brand with 296 

18.1 percent. The remaining three brands have smaller market shares compared to these two. Most 297 

participants are based on the island of Java, making up 66.5 percent of the total, which aligns with 298 

Indonesia's population distribution, where the majority live in Java. Additionally, 63.8 percent of 299 

participants have been operating for more than 10 years, with the characteristics of long-term 300 

collaboration. The service partners are primarily micro-enterprises with fewer than 10 employees 301 

(91.6 percent). Among those who completed the survey, 57.2 percent are heads of service centre 302 

workshops, and 34.9 percent are direct owners. A significant portion, 63.1 percent, have over 10 303 

years of experience in the motorcycle industry, while 66 percent have been heads of service centre 304 

workshops for more than 5 years. The service centre workshop heads are predominantly male (94.2 305 

percent), with 45.2 percent aged between 36-45 years, and nearly all have an education level above 306 

high school. 307 

To assess non-response bias, Levene’s test for equality of variance and a t-test for the equality of 308 

means were utilized to determine if there were any statistically significant differences between the 309 

responses from the early wave (n=342) and the late wave (n=160). The results indicated no 310 

statistically significant differences between the early and late waves for the five constructs, with 𝑝-311 

values exceeding 0.05. Thus, it can be concluded that there is no non-response bias in the data used 312 

in this study. 313 

Data analysis in this study involved several statistical techniques to ensure the validity and 314 

reliability of the measurement and structural models. First, Exploratory Factor Analysis was 315 

conducted to identify the underlying factor structure and to explore the dimensionality of the 316 

constructs without imposing a predefined structure. This was followed by Confirmatory Factor 317 

Analysis to test the hypothesized measurement model and to verify the factor structure identified 318 

in the EFA, ensuring that the observed variables adequately represented their respective latent 319 

constructs. Discriminant validity was assessed to confirm that the constructs were distinct from one 320 

another. Construct reliability, such as Composite Reliability (CR), was also evaluated to ensure 321 

internal consistency of the items measuring each construct. Additionally, to address potential biases 322 

arising from the use of self-reported survey data, Common Method Bias (CMB) was assessed using 323 

techniques such as Harman's single-factor test. Finally, the structural model was evaluated using 324 

Structural Equation Modelling to test the hypothesized relationships between constructs, examining 325 

path coefficients, model fit indices, and the explanatory power (R²) of the dependent variables. 326 

4. Results  327 

 328 

4.1. Validity test  329 

Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted to 330 

validate the test. EFA was performed using SPSS version 26 to assess the dimensionality of the scale, 331 

followed by CFA using AMOS version 26 to evaluate convergent validity, discriminant validity, 332 

and factorial validity. EFA was individually conducted for the six constructs, utilizing promax 333 

rotation and maximum likelihood extraction. The six constructs resulted in a one-factor solution, 334 

explaining a total variance of 51.44–68.75 percent with factor loadings ranging from 0.47–0.88. 335 

According to Brown (2015), factor loadings below 0.5 are considered invalid. Therefore, from the 336 

EFA process, two items were dropped: SCAR7 and GSC5, with factor loadings of 0.340 and 0.337, 337 

respectively. 338 
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There are three stages to confirm convergent validity. First, calculate the chi-squared values, then 339 

if the chi-squared rejects at a 𝑝 -value < 0.01; modification indices can be utilized to detect shared 340 

underlying factors across the measurement items. A cautious approach should be adopted to 341 

identify and eliminate items, especially ones with insufficient validity scores (refer to the interrater 342 

agreement results). These results confirm evidence of convergent validity using the following 343 

goodness of fit indices cut-off values: 𝑝 > 0.05, norm χ² ≤ 3, RMSEA < 0.06, SRMR < 0.08, CFI ≥ 0.95, 344 

and TLI ≥ 0.95 (Hu & Bentler 1998; Yu 2002). After this process, several items need to be deleted 345 

(OLD6, SCI6, SCD5, SCAR6 and GSC6). Standard factor loadings for all items ranging from 0.671-346 

0.876 (greater than 0.5).  347 

The goal of discriminant validity testing is to verify that a construct shows stronger associations 348 

with its intended measures than with variables from different constructs in the framework (Rönkkö 349 

& Cho 2022). The six constructs demonstrated discriminant validity as each one's average variance 350 

extracted (AVE) was greater than its squared correlation with any other construct (Table 1).  351 

 352 

Table 1 Discriminant validity using Fornell–Larcker Criterion and HTMT Ratios 353 

 Domain of constructs 

 PSSGCP SCI OLD SCD SCAR GSC 

PSSGCP 0.815      
SCI 0.420 0.828     
OLD 0.266 0.732 0.829    
SCD 0.701 0.490 0.369 0.767   
SCAR 0.313 0.696 0.711 0.426 0.791  
GSC 0.525 0.310 0.304 0.645 0.351 0.789 

 354 

This validation step assesses if hypothesized latent variables form meaningful constructs by 355 

analyzing overall model fit statistics. The satisfactory fit indices obtained verified the factorial 356 

validity of the measurement model (normed χ² = 1.929, SRMR = 0.030, RMSEA = 0.043, CFI = 0.964, 357 

and TLI = 0.960). 358 

 359 

4.2. Construct reliability  360 

To measure construct reliability, three metrics were used: coefficient H, construct reliability, and 361 

Cronbach's alpha. The results confirm that the scale reliability is good, with H values ranging from 362 

0.865-0.938, construct reliability ranging from 0.850-0.932, and Cronbach's alpha values ranging 363 

from 0.842-0.932 (Table 2).  364 

 365 

Table 2 Measurement variables (constructs) and their corresponding scale indicators  366 

Code Domain of constructs and items References Factor loading 
 

OLD is defined as dynamic process that involves create and transfer new knowledge aiming for 
improving the SC capabilities, H=0.917, Cronbach's alpha=0.916, CR=0.916 

OLD1 Our main dealer partner has ceaselessly upgrade our 
knowledge of PSS and environmental awareness. 

(Dewi et al. 
2023) 

0.846 

OLD2 A variety of training sessions have been developed to 
improve our agility, quickness, innovation 
capabilities, and awareness of environmental issues 

(Dewi et al. 
2023) 

0.824 

OLD3 As a testament to our lasting collaboration, our main 
dealer partner has continuously provided training 
programs designed to enhance service partner 
capabilities. 

(Dovbischuk 
2022) 

0.840 

OLD4 Our main dealer partner strengthen our capabilities 
to achieve green, agile and resilient supply chain. 

(Dewi et al. 
2024) 

0.803 
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Table 2 (continued) Measurement variables (constructs) and their corresponding scale indicators 
Code 

 
 

Domain of constructs and items 
 

References 
 

Factor loading 

OLD5 We and our main dealer continuously learn about 
customers’ needs and requirements. 

(Dewi & 
Hermanto 
2024) 

0.832 

OLD6 Variety training courses of product and technical 
service has been supplied to us by the main dealer 
(omitted). 

(Dewi et al. 
2024) 

- 

SCI is defined as long-term collaboration among stakeholders in the SC for all processes, joint planning 
and decision in the SC, H=0.918, Cronbach's alpha=0.916, CR=0.916 

SCI1 We sharing information with our main dealers about 
sales forecast, stock level, customers’ expectation and 
responsibilities on environmental impact. 

(Jajja, Chatha & 
Farooq 2018) 

0.838 

SCI2 We maintain long term collaborative agreement with 
our main dealer to deliver PSS and achieve 
environmental goals. 

(Jajja, Chatha & 
Farooq 2018) 

0.846 

SCI3 We maintain joint decision making with our main 
dealer about PSS delivery, quality improvement and 
resolve environment-related problems. 

(Jajja, Chatha & 
Farooq 2018) 

0.864 

SCI4 We maintain good communication with customers 
through multiple communication channels. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.781 

SCI5 We continually seek input from customers to assess 
their satisfaction levels and gather feedback of 
Product-service systems. 

(Oubrahim, 
Sefiani & 
Happonen 
2023) 

0.809 

SCI6 We maintain integrated data with main dealers 
within our SC network (omitted). 

(Tan et al. 
2023) 

- 

SCD is defined as transformation of business routines from traditional systems to digital systems, 
H=0.865, Cronbach's alpha=0.842, CR=0.850 

SCD1 We have utilized digital tools to communicate with 
our main dealer. 

(Yu et al. 2023) 0.675 

SCD2 We have employed digital devices to record 
transactions with our customers. 

(Yu et al. 2023) 0.713 

SCD3 We possess the ability to exchange digitalized data 
with our customers to ensure effective 
communication of PSS. 

(Qiao et al. 
2023) 

0.850 

SCD4 Our system enables real-time digital data sharing 
with our primary dealer partner for operational, 
inventory, and sustainability planning purposes.   

(Yu et al. 2023) 0.818 

SCD5 We have utilized digital technologies to create 
innovative PSS that can appeal to untapped markets 
(omitted). 

(Qiao et al. 
2023) 

- 

SCAR is defined as the capability of SC to acknowledge effectively and promptly to the market changes 
and quickly recover to the original state, H=0.895, Cronbach's alpha=0.892, CR=0.893 

SCAR1 We continuously enhance our PSS to rapidly boost 
customer satisfaction levels. 

(Kim & Chai 
2017) 

0.805 

SCAR2 We continuously enhance the reliability of our PSS 
delivery through rapid improvements. 

(Kim & Chai 
2017) 

0.804 
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Table 2 (continued) Measurement variables (constructs) and their corresponding scale indicators 

Code 
 
 

Domain of constructs and items 
 

References 
 

Factor loading 

SCAR3 We continuously reconfigure our PSS supply chain 
capabilities to swiftly adapt to evolving market 
demands. 

(Al-Omoush, 
Palacios-
Marqués & 
Ulrich 2022) 

0.750 

SCAR4 We continuously drive innovation in our PSS 
offerings to maintain market leadership. 

(Boon-itt, Wong 
& Wong 2017) 

0.794 

SCAR5 We have capabilities and resources to deal with 
disruption and quickly recover from it . 

(Shukor et al. 
2021) 

0.804 

SCAR6 We continuously reconfigure our supply chain 
resource capacity to rapidly mitigate demand 
disruptions (omitted). 

(Belhadi et al. 
2022) 

- 

SCAR7 Our team proactively reconfigures production 
capacities to seamlessly customize orders based on 
client requirements (omitted). 

(Belhadi et al. 
2022) 

- 

GSC is defined as organizational principles that aim to achieve both profit and economic benefits while 
also improving ecological efficiency by reducing the environmental impact of industrial activities, 
H=0.874, Cronbach's alpha=0.866, CR=0.868 

GSC1 Our product is designed and manufactured to 
facilitate recycling, rework, and repair. 

(El Khoury et al. 
2023) 

0.801 

GSC2 Our product is designed and manufactured using eco-
friendly materials with a long material lifespan and 
reduce negative impacts on the environment. 

(El Khoury et al. 
2023) 

0.724 

GSC3 Our product is manufactured in accordance with 
environmental standards and regulations. 

(El Khoury et al. 
2023) 

0.836 

GSC4 We prolong the product lifespan through the 
provision of a bundle Product-service systems. 

(Dewi et al. 
2023) 

0.791 

GSC5 Our company has electric motorcycle to support low 
emission (omitted). 

(El Khoury et al. 
2023) 

- 

GSC6 The company prioritizes the management of 
environmental issues concerning PSS delivery  
(omitted). 

(El Khoury et al. 
2023) 

- 

PSSGCP is defined as a company's approach to achieve good quality, flexibility, profits and delivery while 
considering the integration of environmental awareness, H=0.938, Cronbach's alpha=0.932, CR=0.932 
PSSGCP1 We have high speed of PSS offering deliveries. (Choi, Min & Joo 

2018) 
0.825 

PSSGCP2 We have high volume/ capacity flexibility. (Choi, Min & Joo 
2018) 

0.841 

PSSGCP3 We have a high degree of PSS variety offering. (Akın Ateş et al. 
2022) 

0.838 

PSSGCP4 We have high performance of PSS quality offering. (Akın Ateş et al. 
2022) 

0.845 

PSSGCP5 We have high level of customer satisfaction. (Akın Ateş et al. 
2022) 

0.876 

PSSGCP6 We have high level of PSS profitability. (Akın Ateş et al. 
2022) 

0.671 

PSSGCP7 We have reduced the use of harmful, toxic, and 
hazardous substances in our products. 

(Pham & Pham 
2021) 

0.794 

 367 

 368 
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 369 

4.3. Common method bias assessment 370 

Harman’s single-factor test is used to assess Common Method Variance (CMV); by placing all 371 

construct items into one factor and utilizing maximum likelihood extraction, we found an average 372 

variance extracted of 32.5%, indicating no significant CMV (Podsakoff et al. 2003). To further 373 

evaluate CMV, a common latent factor (CLF) was incorporated into the measurement model; 374 

comparing the CFA models with and without the CLF, the results showed that the differences in 375 

regression weights were less than 0.2, confirming the absence of CMV (MacKenzie, Podsakoff & 376 

Podsakoff 2011). 377 

  378 

4.4. Assessment of structural model 379 

Results confirmed appropriate model fit for the proposed structural framework, with normed χ² 380 

= 2.269, SRMR = 0.040, RMSEA = 0.050, CFI = 0.95, and TLI = 0.95 (Figure 2). The model is also 381 

considered parsimonious, given a PCFI value of 0.87. 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

: Supported,         : Not Supported, *** p < 0.001 393 

 394 

Figure 2 Structural model findings including path coefficients and explained variances 395 

 396 

The ten hypotheses were tested using Structural Equation Modelling. The results indicate that 397 

GSC positively affects PSSGCP, with a coefficient of 0.514 (𝑝 < 0.001), supporting H1. Hypothesis 398 

H2, which posits that SCAR positively impacts PSSGCP, is supported by a path coefficient of 0.157 399 

(𝑝 < 0.001). Similarly, H3a is validated, showing that OLD influences GSC, with a coefficient of 0.135; 400 

likewise, H3b is supported, demonstrating OLD shows a positive correlation with SCAR, with a 401 

coefficient of 0.429 (𝑝 < 0.001). Moreover, OLD positively affects SCI with a coefficient of 0.732 (𝑝 < 402 

0.001), supporting H6. SCI does not have a significant impact to GSC (H4a), but H4b is supported, 403 

showing that SCI positively affects SCAR with a coefficient of 0.327 (𝑝 < 0.001). Additionally, SCI is 404 

positively associated with SCD with a coefficient of 0.490 (𝑝 < 0.001), supporting H7. Lastly, SCD 405 

has a significant impact to GSC (H5a=0.681, 𝑝 < 0.001), likewise H5b is supported, displaying that 406 

SCD has a significant positive effect on SCAR, with a coefficient of 0.120. The R² values for SCI, SCD, 407 

GSC, SCAR and PSSGCP: 0.536, 0.240, 0.469, 0.585 and 0.340, respectively. 408 

 Although indirect effect hypotheses were not explicitly formulated, this section explores them 409 

to enhance the depth of analysis. The significance of the mediation paths was evaluated through 410 

R2 = 0.469 

GSC H1 H3b H6 

0.514*** 
0.429*** 

0.732*** 

SCI 

H4a 
-0.104 

R2 = 0.340 

PSSGCP H4b 
0.327*** 

SCAR 
H2 

H7 
0.157*** 

0.490*** 0.681*** 

R2 = 0.585 R2 = 0.536 

H5a 

SCD 
H5b 

0.120 

R2 = 0.240 

OLD 0.135 
H3a 
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bias-corrected bootstrapping based on 2,000 random samples. Table 3 summarizes eight significant 411 

mediation paths. The relationship between OLD and SCD is fully mediated by SCI, emphasizing 412 

SCI's role in enabling digital transformation. The path from SCI to GSC is also fully mediated by 413 

SCD, highlighting that SCI must be operationalized through digitalization to impact green practices. 414 

The effect of OLD on GSC is partially mediated by SCI and SCD, with both direct and indirect effects 415 

significant. Similarly, the relationship between OLD and SCAR shows partial mediation through 416 

SCD, indicating that digital capabilities complement organizational learning. The path from SCI to 417 

SCAR is partially mediated by SCD, though the indirect effect is relatively small. Regarding 418 

PSSGCP, three full mediation paths are identified: (1) OLD affects PSSGCP through GSC, SCAR, 419 

and SCD, (2) SCI influences PSSGCP via SCD and SCAR, and (3) SCD impacts PSSGCP through 420 

GSC and SCAR. These results highlight that enhancing PSSGCP depends on the integration and 421 

mediation of SCI, SCD, GSC, and SCAR rather than on direct effects alone. 422 

Table 3 Mediation paths of the indirect effects between antecedents and PSSGCP 423 

Path  
(mediation type) 

Mediator Indirect effect Interpretation 

OLD - SCD (full) SCI 0.328 SCI fully mediate the relationship 
OLD-GSC (partial) SCI, SCD 0.158 Both direct and indirect significant 
OLD-SCAR (partial) 
SCI-GSC (full) 
SCI-SCAR(partial) 
OLD-PSSGCP(full) 
SCI-PSSGCP (full) 
SCD-PSSGCP (full) 

SCD 
SCD 
SCD 
GSC,SCAR,SCD 
SCD, SCAR 
GSC, SCAR 

0.323 
0.320 
0.069 
0.221 
0.151 
0.333 

Both direct and indirect significant 
Only indirect path significant 
Minor mediation via SCD 
Fully mediated through multiple paths 
Fully mediated through multiple paths 
Fully mediated through multiple path 

5. Discussions 424 

OLD items exhibit strong loadings ranging from 0.803 to 0.846, confirming that the training and 425 

knowledge-sharing initiatives provided by the main dealer are well reflected in the items. This 426 

supports the conceptualization of OLD as a dynamic process aimed at improving SC capabilities. 427 

SCI items also show robust loadings between 0.781 and 0.864, reinforcing the significance of long-428 

term collaboration, joint decision-making, and customer engagement in achieving effective 429 

integration. SCD has slightly more varied loadings, ranging from 0.675 to 0.850. While SCD1 and 430 

SCD2 fall just below the ideal threshold, they are still considered acceptable in the early stages of 431 

scale development. The strongest loading (0.850) for SCD3 highlights the importance of digitalized 432 

communication with customers. SCAR items load between 0.750 and 0.805, indicating consistent 433 

performance across items related to PSS innovation, adaptability, and recovery capabilities. GSC 434 

indicators show adequate loadings from 0.724 to 0.836, validating the focus on green design, 435 

regulatory compliance, and lifecycle management. PSSGCP items are generally high-loading, with 436 

values between 0.671 and 0.876. The slightly lower loading of PSSGCP6 (0.671) is still within 437 

acceptable limits, especially when theoretical support exists. The highest loading (0.876) underlines 438 

the role of customer satisfaction in competitive performance. Also, by analyzing the items' 439 

standardized loadings, executives can identify key capability priorities for boosting PSSGCP, 440 

allowing motorcycle company managers to systematically focus their strategic efforts where they 441 

will have the greatest impact. 442 

PSSGCP reflect a firm's ability to integrate environmental sustainability with high operational 443 

and market performance. First, high speed of PSS offering deliveries indicates a responsive and 444 

efficient service model, which enhances customer satisfaction and market agility. High 445 

volume/capacity flexibility shows the firm’s capability to adapt production and service outputs 446 

based on fluctuating demand, which is essential in dynamic and environmentally conscious 447 

markets. The high degree of PSS variety offering reflects innovation and customization, allowing 448 

firms to cater to diverse customer needs while embedding sustainable features into each variant. 449 
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High performance of PSS quality offering demonstrates the firm’s ability to maintain superior 450 

standards, which builds trust and supports long-term relationships with customers. High levels of 451 

customer satisfaction are critical outcomes of the combined performance in speed, flexibility, 452 

variety, and quality, reinforcing customer loyalty and positive environmental perception. 453 

Additionally, high levels of PSS profitability ensure that environmental initiatives are economically 454 

viable, proving that green practices can be both sustainable and financially beneficial. Finally, the 455 

reduction in the use of harmful, toxic, and hazardous substances directly supports environmental 456 

goals and regulatory compliance, while also contributing to safer and eco-friendlier products. 457 

Collectively, these indicators confirm that a well-executed green PSS strategy can simultaneously 458 

deliver environmental value, customer satisfaction, and competitive business performance. 459 

Integrating green awareness and achieving competitive business goals are two crucial aspects 460 

highlighted in recent studies (Kumar et al. 2024). However, most recent studies investigate 461 

competitive performance and green awareness as separate entities (Zhu et al. 2022). Existing 462 

research rarely explores how to manage green and competitive performance as a unified measure, 463 

known as PSSGCP. This study reveals that GSC has a significant positive effect on PSSGCP, as well 464 

as SCAR is positively associated with PSSGCP as supported by hypothesis 1 and 2, respectively. 465 

This is the first contribution to the body of knowledge, where our findings suggest that GSC and 466 

SCAR have a positive impact on PSSGCP. Furthermore, the results of this research contribute to the 467 

existing literature in multiple aspects.  468 

This study shows that OLD positively impacts the GSC, as well as SCD positively impact the 469 

GSC. The observed outcomes corroborate the results reported by Evangelista and Hallikas (2022), 470 

which emphasize the important role of SCD in achieving green objectives, as well as the findings of  471 

Yang et al. (2024), which confirm OLD as a positive moderator for improving sustainability. Only 472 

SCI does not significantly impact the green supply chain. However, there is a significant path from 473 

OLD to SCI and SCD, which positively affects GSC. This finding suggests that while SCI is 474 

important, it is not sufficient on its own to directly drive GSC. Instead, SCI must first enable the 475 

organization to digitally transform its supply chain processes (SCD). These digital capabilities, in 476 

turn, create the necessary transparency, responsiveness, and process efficiency required to 477 

implement and scale environmentally sustainable practices. Thus, without the digital infrastructure 478 

and capabilities provided by SCD, the strategic alignment facilitated by SCI may lack the operational 479 

leverage needed to impact GSC outcomes. This highlights the sequential and complementary nature 480 

of capabilities in achieving green performance: integration enables digitalization, which then 481 

enables environmental performance improvements. The general assumption in the existing 482 

literature is that SCD accelerates improvements of SCI (Shi et al., 2023; Liu et al., 2022). However, in 483 

this study, we found the opposite due to the nature of the motorcycle industry, where long-term 484 

collaboration and close relationships in their SC result in strong integration between manufacturers, 485 

main dealers and service partners. The integration in their SC positively impacts the enhancement 486 

of SCD capabilities. 487 

This study further demonstrates that OLD, SCI and SCD positively impact SCAR. All three 488 

constructs have a positive impact on SCAR. This aligns with prior research findings (Abdelilah, El 489 

Korchi and Amine Balambo, 2023; Eryarsoy et al., 2022). Similarly, the existence of a significant path 490 

from OLD to SCI and SCD, positively affects SCAR, confirms that all three constructs are important 491 

for enhancing SCAR. 492 

It is noteworthy that this study contributes to extending the use of DC into the context of PSS 493 

and SC. This is demonstrated by the use of DC as the underpinning theory, which was thoroughly 494 

detailed in the survey's development and has been tested to be valid and reliable. Regarding 495 

practical implications, the research underscores how collaborative SCI between core stakeholders 496 

(manufacturers, main dealers, and service partners) is essential for successful PSS implementation. 497 

OLD, represented by knowledge transfer and training provided by manufacturers and main dealers 498 

to service partners, as well as SCD, which adopts technological advancements to build a green, agile, 499 

and resilient SC, are also highlighted. This study further shows that dynamic capabilities—often 500 
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described as company-specific, tacit, and difficult to imitate or transfer—can in fact be effectively 501 

shared and developed through strong collaboration within the motorcycle industry supply chain. 502 

The findings illustrate that with strategic and ongoing collaboration, even deeply embedded 503 

capabilities such as agility, innovation, and green awareness can be disseminated across 504 

organizational boundaries. 505 

6. Conclusions and future research 506 

This study underscores the crucial role of green supply chain, agility, and resilience in enhancing 507 

PSS green competitive performance. Grounded in the dynamic capabilities theory, it highlights the 508 

importance of developing organizational capabilities—such as flexibility, robustness, and 509 

responsiveness—to navigate disruptions and capitalize on opportunities in a volatile environment. 510 

The integration of organizational learning development, supply chain integration, and supply chain 511 

digitalization is identified as key to strengthening these capabilities. The findings show that effective 512 

green supply chain not only support environmental goals but also achieve high quality, flexibility, 513 

profitability, and reliable delivery. By connecting green, agile, and resilient supply chain concepts 514 

within a dynamic capabilities framework, this study provides a holistic perspective and offers 515 

practical insights for motorcycle industry practitioners seeking to improve their PSS green 516 

competitive performance. Despite these valuable insights, this study has several limitations that 517 

warrant further research. First, the study primarily examines supply chain performance within a 518 

specific industry context, which may limit the generalizability of its findings across different sectors. 519 

Second, the geographical scope of the study is confined to Indonesia. Future research could apply 520 

this framework to different industries and broader geographical areas to achieve more generalizable 521 

conclusions. Additionally, the study focuses on a predetermined set of performance indicators; 522 

expanding this scope to incorporate emerging factors such as the circular economy, block chain 523 

technology, and artificial intelligence-driven supply chain would provide deeper insights into the 524 

evolving landscape of the topic. Future research could incorporate social indicators to provide a 525 

more complete evaluation of sustainability performance. Lastly, this study relies on cross-sectional 526 

survey data, capturing performance at a single point in time to assess performance. However, this 527 

performance is likely to shift over time. It would be insightful to use a longitudinal approach to 528 

track changes in performance and the capabilities that evolve with these changes. 529 
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Abstract: Incorporating environmental awareness into business operations while maintaining 
competitive performance is a significant challenge. To address this, many companies are enhancing 
their offerings by integrating services with products—a strategy known as product–service systems 
(PSS). This innovation aims to boost competitiveness and promote environmental consciousness. 
However, although PSS is recognized as a valuable approach for staying competitive, the interplay 
between PSS and its influencing capabilities remains insufficiently explored. This study examines the 
relationships among Organizational Learning Development (OLD), Supply Chain Integration (SCI), 
Supply Chain Digitalization (SCD), Supply Chain Agility and Resilience (SCAR), Green Supply Chain 
(GSC), and Product–Service Systems’ Green Competitive Performance (PSSGCP). Data were gathered 
through a structured survey involving 502 official motorcycle service partners in Indonesia and 
analyzed using SEM. The results confirm significant positive relationships between GSC and PSSGCP 
and between SCAR and PSSGCP. Moreover, OLD, SCI, and SCD each positively influence SCAR, 
whereas only OLD and SCD have direct positive effects on GSC. The analysis also reveals that OLD 
positively influences SCI, which subsequently impacts SCD—indicating that SCD mediates the 
influence of SCI on GSC. These findings provide practical and theoretical insights that enable 
managers and researchers to better align green and competitive performance goals. Furthermore, 
managers can assess the standardized loadings to evaluate each capability’s contribution to 
enhancing PSSGCP. 

Keywords: Agile supply chain; Green competitive performance; Green supply chain; Product–service systems; 
Supply chain resilience 

1. Introduction 

Manufacturing sector companies, once solely dedicated to product manufacturing, are now 
embracing services as an integral part of their business strategy. This trend, known as Product-
Service Systems (PSS) represents an innovative approach adopted by firms to remain competitive 
and effectively meet evolving customer expectations. With environmental awareness taking 
precedence, PSS is being redefined, initially defined as the integrated bundling of products and 
services to create value-added products and boost customer satisfaction (Beuren et al., 2013). The 
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PSS definition now includes the producer’s responsibility for the product at its end of life. PSS is 
perceived as an innovative bundling of products and services, aiming to offer not just a product but 
also services throughout the product’s life cycle to maintain environmental sustainability (Annarelli 
et al., 2016).  

Various disruptions, including natural disasters, the COVID-19 pandemic, fierce competition in 
the business landscape, distribution failures, and other unforeseen events, have caused 
interruptions in recent times. These disruptions necessitated a departure from BAS practices. 
Characteristics such as flexibility, speed, innovations, and responsiveness are required in erratic 
conditions, such as the current situation (Al-Omoush et al., 2022; Ashari et al. 2018). Hence, the 
agility and resilience of the supply chain (SC) guide companies in the SC to operate in a stable and 
normal mode when disruptions occur (Kazancoglu et al. 2022).  

To address these challenges, supply chain agility and resilience—collectively referred to in this 
study as Supply Chain Agility and Resilience (SCAR)—have gained prominence. Although both 
technologies share overlapping characteristics, such as speed, flexibility, and responsiveness, they 
serve distinct purposes. Agility focuses on swiftly responding to market changes and consumer 
needs, whereas resilience emphasizes the ability to absorb shocks and maintain continuity (Gligor 
et al., 2019). Given their common objective of improving SC performance, this study uses the 
integrated term SCAR to reflect their complementary roles. 

However, agility and resilience alone are insufficient for long-term sustainability. Environmental 
awareness must also be incorporated into corporate strategies in today’s context (Singh et al., 2023). 
Without active engagement in environmental stewardship, the degradation of natural resources, 
particularly raw materials critical to manufacturing operations, could threaten supply continuity. 
In response, companies are increasingly facing pressure from governments, stakeholders, and 
society to comply with environmental standards and reduce negative ecological impacts (Abdallah 
et al. 2024). This pressure makes GSC practices essential. 

Despite the recognized importance of environmental consciousness and supply chain agility and 
resilience, their integration within the PSS context remains underexplored (Ghaderi et al. 2024; 
Ivanov, 2022). While PSS has been widely studied—primarily from a consumer service and 
innovation perspective (Sassanelli and Pacheco, 2024; Soellner et al., 2024)—there is a notable gap 
in understanding the supply chain capabilities required to simultaneously support both green 
supply chain practices and supply chain agility and resilience. Existing literature tends to focus on 
upstream supply chain elements, emphasizing consumer-centric innovation, while overlooking 
critical operational aspects such as logistics management, supply chain integration, and the capacity 
development of weaker partners within the network. This study addresses this research gap by 
investigating the PSS supply chain capabilities—namely, organizational learning development 
(OLD), supply chain integration (SCI), and supply chain digitalization (SCD)—that are essential to 
strengthening both GSC and SCAR, thereby enhancing PSSGCP. 

To address the weaknesses in the current body of knowledge, this study investigates three gaps, 
which constitute the following research questions: (1) What is the relationship between GSC and 
PSSGCP, as well as SCAR and PSSGCP? (2) What are the PSS SC capabilities (OLD, SCI, and SCD) 
affecting the GSC and SCAR? (3) What is the relationship between OLD and SCI, as well as between 
SCI and SCD? 

This study offers a novel contribution by integrating GSC practices and SCAR within the context 
of PSS—an intersection that has remained underexplored in the existing literature. Unlike prior 
research, which primarily focuses on the upstream, consumer-facing dimensions of PSS, this study 
emphasizes SC capabilities—specifically OLD, SCI, and SCD—as critical enablers for both 
environmental sustainability and operational adaptability. This study proposes and empirically 
examines the role of these capabilities in enhancing PSSGCP and establishes a comprehensive and 
integrative framework that differentiates itself from earlier fragmented approaches to GSC and 
SCAR in isolation. The research is situated within the motorcycle industry supply chain, providing 
a relevant and dynamic context characterized by high product complexity, competitive pressures, 
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and increasing environmental expectations. The growing frequency of global disruptions and 
increasing environmental pressures, which compel firms to rethink and restructure their SC, further 
underscore the urgency and relevance of this research. The findings not only contribute to the 
academic contributions but also offer practical insights for firms aiming to achieve sustainable and 
resilient competitive advantages in today’s volatile and sustainability-driven market landscape. 

2. Theoretical framework and development of hypotheses 

The Dynamic Capabilities (DC) theory guides the conceptual theoretical framework in this 
study. The high pressure from stakeholders and the government for green and environmental 
awareness, along with the dynamic and erratic business environment with frequent disruptions 
after the pandemic; consequently, DC offers a well-suited theoretical grounding for this analysis. 
Likewise, the characteristics of the collaboration within SC to provide PSS require a theory that 
accommodates dynamic resources and capabilities that will grow within the SC. For example, Paiola 
et al. (2013) confirmed that the development of capabilities within the SC network using DC includes 
customer orientation, PSS partnership, knowledge and technical expertise, and risk control.   

DC is defined as the capacity of the organization to constantly integrate, renew, and reconfigure 
its resources and capabilities to respond to the changing environment and keep the competition 
(Teece, 2007). Moreover, it is difficult to enhance DC in a company as they should be progressed 
together within the network (Defee and Fugate, 2010). DC suits well to guide the proposed 
framework as the framework is developed for SC networks. This research focuses on motorcycle 
SC, aiming to deliver PSS. The SC network in the motorcycle industry involves collaboration among 
manufacturers, intermediaries, and service partners. The term "main dealer" is better known among 
service partners as an intermediary of the manufacturer that bridges the development of DC within 
the network.  

In this study, OLD, SCI, and SCD are considered dynamic capabilities that should be created 
within a network to sense, seize, and reconfigure internal and external resources to deal with a 
rapidly changing environment. GSC and SCAR are essential for navigating the unpredictable 
business environment. Specifically, GSC is crucial for sustaining long-term performance 
improvements while preserving future green resources. 

2.1. PSSGCP 
Nowadays, companies are struggling to find themselves and survive in the business competition. 

Competitive performance is the result of a competitive advantage, indicating a company’s ability to 
innovate and outperform its competitors (Kumar et al., 2024). Various performance indicators can 
be used, including product and service quality, delivery efficiency, flexibility, responsiveness, the 
ability to provide high levels of customer service, and profit generation capability (Wiredu et al., 
2024; Glukhov et al. 2023; Mohammadi and Mukhtar, 2018). PSS offers a method to achieve 
differentiation by satisfying customers with not only high-quality products but also complementary 
services, thereby extending the lifespan of the products and supporting green initiatives.  

Along the way, the erratic conditions these days required agility and resilience, but the green 
concept must be added to it to stay in a business for a long-term. The GSC is defined as a company’s 
approach to achieving profits while considering the integration of environmental awareness, 
starting from product design, material selection, production, product delivery to consumers, and 
end-of-life product management, with the goal of reducing environmental impact (Hebaz et al., 
2024). Hence, this study aims to identify the PSS SC capabilities required to improve the PSSGCP, 
which focuses on enhancing green, agility, and resilience capabilities.  

2.2. GSC 
GSC is defined as organizational philosophies that not only pursue business economic advantage 

but also enhance green efficiency by minimizing the environmental impact of industrial activities 
(Gawusu et al., 2022). Green SC practices should cover all activities throughout the industrial 
process from purchasing, production, logistics, distribution, and the end of life of the product 
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(Bustinza et al., 2024; Suwignjo et al. 2023). PSS serves as part of the effort to extend the product’s 
lifespan by providing maintenance services. The scope of GSC extends from reactive environmental 
control to proactive efforts such as refurbishing, reusing, reducing, recycling, and remanufacturing 
(de Oliveira et al., 2018). Visualizing how GSC practices relate to operational SC benefits is 
challenging. Novitasari and Agustia (2021) did not discover a positive link between GSC and SC 
performance. PSSGCP merges SC performance with environmental considerations. Thus, to explore 
this association, the following hypotheses are proposed to be examined. 

H1. GSC positively affects PSSGCP. 

2.3. SCAR 
The terms “agility” and “resilience” share several similar characteristics, such as flexibility, 

speed, and responsiveness. Both aim to enhance SC performance, but there are slight differences 
between them (Sharma et al., 2024). SC agility is defined as the capability of SC to effectively and 
promptly acknowledge market changes, while resilience primarily focuses on how quickly the SC 
returns to its original state following a disruption, agility emphasizes how swiftly the SC adapts to 
meet consumer demands (Kumar and Singh, 2025). Therefore, this study employs the terms agility 
and resilience interchangeably. SC agility has been identified as a factor contributing to enhanced 
competitiveness and is characterized by responsiveness, innovation, swiftness, and flexibility 
(Aslam et al., 2024; Raj et al., 2023). SC agility also represents the firm’s dynamic capabilities to sense, 
seize, and reconfigure firm and SC resources (Dubey et al., 2018). Capabilities required for resilience 
include the ability to face disruptions, hinder shock, quickly recover to the original state, speed, and 
flexibility, which is similar to agility (Gligor et al., 2019). Many studies on SC have shown a positive 
relationship between SC agility and resilience to improve firm performance (Mahesh et al., 2024). 
Therefore, it is hypothesized that SCAR is positively related to PSSGCP. 

   H2. The SCAR positively affects PSSGCP. 

2.4. OLD 
OLD is defined as a dynamic process that involves creating and transferring new knowledge to 

improve SC capabilities. It has four components that support the inter-firm organizational learning 
process: commitment to learning, shared vision, willingness to consider diverse ideas, and 
knowledge sharing (Dovbischuk, 2022). Gaining knowledge through long-term collaboration 
between two or more parties improves firms’ performance and resilience (Eryarsoy et al., 2022). 
Firms that ignore OLD prioritization have found that their response to firm performance is limited 
as DC for OLD accumulates gradually through consistent repetition (Pratono et al., 2019). 

Consistent OLD is crucial for achieving a firm’s performance, such as being green, agile, and 
resilient (Eryarsoy et al., 2022), as well as improving the SCI. In this study, motorcycle 
manufacturers lack the capability to deliver PSS independently (Dewi and Hermanto, 2024). This 
underscores the need for strategic partnerships with intermediaries and service providers (Dewi et 
al., 2024). Manufacturers share expertise to boost OLD among their service partners. This learning 
can be facilitated through various mechanisms, such as training sessions, meetings, face-to-face 
discussions, technical performance reviews, and annual audits (Dewi and Hermanto, 2024). These 
initiatives aim to enhance partners’ technical skills and performance, making them more agile and 
resilient in their tasks (Dewi et al., 2024). Likewise, OLD has been shown to serve as a positive 
moderator between the adoption of eco-friendly materials and the prolongation of product lifespan, 
leading to improved GSC (Yang et al., 2024). Hence, it is essential to verify if there is a direct positive 
correlation between OLD and GSC. Given the description provided, the following hypothesis is 
proposed: 

   H3a. OLD positively affects the GSC. 
   H3b. OLD positively affects SCAR expression. 
   H6. OLD positively affects SCI. 
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2.5. SCI  
Many SC research studies stress the capabilities to integrate within a firm and network. In fact, 

those studies highlighted the significant role of SCI in GSC (Pham and Pham, 2021) and SCI in SCAR 
(Abdelilah et al. 2023; Shukor et al., 2021). SCI involves enduring alignment between SC participants 
throughout all functions, featuring integrated planning and mutual decision processes 
(Abdulameer et al., 2020; Jajja et al., 2018). It is not adequate for a firm to integrate only internal 
functions within an enterprise, but it is also necessary to integrate all functions within the SC 
network (Jajja et al., 2018). The SC integration process may involve all the areas required as a 
business process in the SC, which has three entities: process integration, supplier integration, and 
customer integration (Shukor et al., 2021).   

PSS extends the product life cycle by providing a bundle of products and services (Dewi et al., 
2023). Collaboration among manufacturers, intermediaries, and service partners to provide PSS is 
crucial, as is the same vision to be green in their SCI. Process integration enables all stakeholders in 
the supply chain to access the database through unified information systems (Dadzie et al. 2023). 
SCI can be viewed as DC, which is essential for adapting to business and environmental changes, 
and it also has a positive impact on SCD (Arif et al., 2023). Strong relationships with service partners 
enable essential capabilities to scan, seize, and reconfigure resources, allowing the company to 
effectively respond to changing customer expectations (Cui et al. 2023). In the motorcycle industry 
context, service partner suppliers can assist in changing customer demand as they have direct 
contact with customers (Dewi and Hermanto, 2023). These coordinated efforts should improve 
resource utilization and ultimately impact SC performance. Then, we propose the following 
hypotheses.  

   H4a. SCI positively affects the GSC. 
   H4b. SCI positively affects SCAR expression. 
   H7. SCI positively affects SCD. 

2.6. SCD 
Digitalization is defined as the transformation of business routines from traditional systems to 

digital systems (Tiwari et al., 2024). Digitalization potentially enables the management and 
surveillance of energy consumption and waste (Wang et al., 2023). For instance, manual 
communication processes that formerly relied on paperwork can now be replaced with digital 
systems. Similarly, communication within SC, such as interactions between manufacturers, 
intermediaries, and service partners, requires considerable effort when executed manually, 
resulting in waste and slow process (Oubrahim et al., 2023).  

Digitalization is one way to resolve and arrange data better than manual methods (Le et al., 2024). 
Related to inventory management, digital technology is mostly utilized to manage physical and 
virtual inventory in real time to reduce the cost of inventory management. Thus, it can quickly make 
decisions in real time, preventing faults and preventing disruptions that require swift changes 
(Mashayekhy et al., 2022). Digitalization also ensures tractability and offers monitoring and control 
(Behnke and Janssen, 2020). In the case of customer preferences, SCD can predict changes in 
customer behavior and swiftly respond to match customer expectations (Zhou et al., 2023).  In 
general, digitalization facilitates the integration of SC processes, thereby ensuring a quick response 
to any risks linked to the SC processes (resilience) as well as being responsive and agile. Hence, its 
implementation can enhance both GSC and SCAR. Therefore, we propose the following hypothesis 
for further examination. 

   H5a. SCD positively affects the GSC 
   H5b. SCD positively affects the SCAR 

3. Methods  

The current section describes the methodological approach of the study, where the sequence of 
research activities is depicted in Figure 1. 
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3.1. Development of the instrument 
A structured survey was conducted as part of a quantitative analysis to test the proposed 

hypothesis, targeting certified motorcycle service partners across Indonesia. The questionnaire was 
developed in five stages, which will be explained in the following paragraphs. The questionnaire 
consists of two parts: the first part, which consists of 10 questions, inquires about the demographic 
information of the participants and their companies. The second part focuses on the core of this 
research, which includes 37 questions about OLD (6 items), SCI (6 items), SCD (5 items), SCAR (7 
items), GSC (6 items), and PSSGCP (7 items). The questionnaire is provided in Appendix A to 
enhance transparency and support replicability. All items were measured using a 6-point Likert 
scale, where 0 = strongly disagree, 1 = disagree, 2 = somewhat disagree, 3 = somewhat agree, 4 = 
agree, and 5 = strongly agree. Table 2 presents the definitions and conceptual descriptions of each 
construct—OLD, SCI, SCD, SCAR, GSC, and PSSGCP. 

The survey development process was conducted in five stages (Lewis et al., 2005). The first stage 
involved defining each construct’s domain and specifying the measurement objectives. An 
extensive literature review was required to establish the six constructs. In the second stage, a list of 
items was developed for each construct to measure them accurately. This stage produced 37 items. 
The third stage was pre-testing, where four experts from academia and industry were recruited to 
assess the questionnaire’s ease of use and clarity. Based on their feedback, adjustments were made, 
including clarifying statements, removing ambiguous terms, and changing terminology for better 
understanding. The fourth stage involved pilot testing, in which 10 participants from official service 
partners were recruited to provide feedback for refining the instrument. The interrater agreement 
questionnaire was distributed to 25 service partner participants and academic experts with 
knowledge of the supply chain. Three criteria were used to remove items: if the mean value was 
less than the midpoint, if the 𝑝 -value was greater than 0.05, and if the power was less than 0.8 (Sud-
on et al., 2013). No items were removed based on these three criteria, and all 37 items were retained. 

3.2. Preliminary Data Analysis 
The survey data included participants from five motorcycle companies in Indonesia, all of which 

are members of The Indonesian Motorcycle Association. The sampling frame consisted of 
approximately 6830 service partners, which were gathered by the researcher from the official 
websites of these motorcycle companies. The study involved managers from authorized service 
partners of the companies, who had at least one year of work experience. A simple random 
sampling technique was applied to support the broader applicability of the results. 

The questionnaire was distributed in two ways: online and by mail to accommodate service 
partners who do not use email. A total of 2025 questionnaires were distributed, with 1025 sent 
online and 1,000 sent by mail. The mail survey was conducted only once without a reminder, 
whereas the online survey included two reminders. A total of 442 responses were received for the 
initial wave, and 201 responses were received for the second and third reminders. In total, 643 
responses were Received (31.8% response rate). However, 100 responses from the initial wave and 
41 responses from the final waves could not be processed further because they were incomplete 
and excluded from the analysis. Therefore, only 502 responses could be processed further. 

The demographic profile data of the participants highlight an uneven market share distribution 
among the five motorcycle brands in Indonesia. One brand stands out with a dominant market 
share, as indicated by 75.3% of survey participants, followed by another brand with 18.1%. The 
remaining three brands have smaller market shares than these two. Most participants are based on 
the island of Java, making up 66.5% of the total, which aligns with Indonesia’s population 
distribution, where the majority live in Java. Additionally, 63.8% of participants have been 
operating for more than 10 years, with the characteristics of long-term collaboration. The service 
partners are primarily micro-enterprises with fewer than 10 employees (91.6%). Among those who 
completed the survey, 57.2% are heads of service center workshops, and 34.9% are direct owners. 
A significant portion, 63.1%, has over 10 years of experience in the motorcycle industry, while 66% 
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have been heads of service center workshops for more than 5 years. The service center workshop 
heads are predominantly male (94.2%), with 45.2% aged between 36 and 45 years, and nearly all 
have an education level above high school. 

To assess non-response bias, Levene’s test for equality of variance and a t-test for the equality of 
means were used to determine if there were any statistically significant differences between the 
responses from the early (n = 342) and late (n = 160) waves. No statistically significant differences 
were observed between the early and late waves for the five constructs, with 𝑝-values exceeding 
0.05. Thus, no non-response bias can be concluded in the data used in this study. 

Several statistical techniques were used to ensure the validity and reliability of the measurement 
and structural models. First, we conducted exploratory factor analysis to identify the underlying 
factor structure and explore the dimensionality of the constructs without imposing a predefined 
structure. Confirmatory factor analysis was conducted to test the hypothesized measurement 
model and verify the factor structure identified in the EFA, ensuring that the observed variables 
adequately represented their respective latent constructs. Discriminant validity was assessed to 
confirm that the constructs were distinct. Construct reliability, such as CR, was also evaluated to 
ensure the internal consistency of the items measuring each construct. Additionally, to address 
potential biases arising from the use of self-reported survey data, CMB was assessed using 
techniques such as Harman’s single-factor test. Finally, the structural model was evaluated using 
SEM to test the hypothesized relationships between constructs, examine path coefficients, model fit 
indices, and the explanatory power (R²) of the dependent variables. 

4. Results  

4.1. Validity test  
Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted to 

validate the test. EFA was performed using SPSS version 26 to assess the scale’s dimensionality, 
followed by CFA using AMOS version 26 to evaluate convergent, discriminant, and factorial 
validity. EFA was individually conducted for the six constructs, using pomax rotation and 
maximum likelihood extraction. The six constructs resulted in a one-factor solution, explaining a 
total variance of 51.44%–68.75% with factor loadings ranging from 0.47–0.88. According to Brown 
(2015), factor loadings below 0.5 are invalid. Therefore, two items were dropped from the EFA 
process: SCAR7 and GSC5, with factor loadings of 0.340 and 0.337, respectively. 

There are three stages for confirming convergent validity. First, the chi-squared values are 
calculated. If the chi-squared rejects at a 𝑝 -value < 0.01; modification indices can be used to detect 
shared underlying factors across the measurement items. A cautious approach should be adopted 
to identify and eliminate items, especially those with insufficient validity scores (refer to the 
interrater agreement results). These results confirm convergent validity using the following 
goodness-of-fit indices cutoff values: 𝑝 > 0.05, norm χ² ≤ 3, RMSEA < 0.06, SRMR < 0.08, CFI ≥ 
0.95, and TLI ≥ 0.95 (Yu, 2002). After this process, several items (OLD6, SCI6, SCD5, SCAR6, and 
GSC6) need to be deleted. Standard factor loadings for all items ranged from 0.671 to 0.876 (greater 
than 0.5).  

The goal of discriminant validity testing is to verify that a construct shows stronger associations 
with its intended measures than with variables from different constructs in the framework (Rönkkö 
and Cho, 2022). The six constructs demonstrated discriminant validity as each construct’s average 
variance extracted (AVE) was greater than its squared correlation with any other construct (Table 
1).  

This validation step assesses whether the hypothesized latent variables form meaningful 
constructs by analyzing the overall model fit statistics. The obtained satisfactory fit indices verified 
the factorial validity of the measurement model (normed χ² = 1.929, SRMR = 0.030, RMSEA = 0.043, 
CFI = 0.964, and TLI = 0.960). 
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Figure 1 Methodological approach used 
 
Table 1 Discriminant validity using the Fornell–Larcker criterion and the HTMT ratios 

 Domain of the constructs 

 PSSGCP SCI OLD SCD SCAR GSC 

PSSGCP 0.815      
SCI 0.420 0.828     
OLD 0.266 0.732 0.829    
SCD 0.701 0.490 0.369 0.767   
SCAR 0.313 0.696 0.711 0.426 0.791  
GSC 0.525 0.310 0.304 0.645 0.351 0.789 
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4.2. Construct reliability  
Three metrics were used to measure construct reliability: coefficient H, construct reliability, and 

Cronbach’s alpha. The results confirm that the scale reliability is good, with H values ranging from 
0.865 to 0.938, construct reliability ranging from 0.850 to 0.932, and Cronbach’s alpha values ranging 
from 0.842 to 0.932 (Table 2).  

 
Table 2 Measurement variables (constructs) and corresponding scale indicators  

Code Domain of constructs and items References Factor loading 

OLD is defined as dynamic process that involves create and transfer new knowledge aiming for improving the SC 
capabilities, H=0.917, Cronbach's alpha=0.916, CR=0.916 

OLD1 Our main dealer partner has ceaselessly upgrade our 
knowledge of PSS and environmental awareness. 

(Dewi et al. 2023) 0.846 

OLD2 A variety of training sessions have been developed to 
improve our agility, quickness, innovation 
capabilities, and awareness of environmental issues 

(Dewi et al. 2023) 0.824 

OLD3 As a testament to our lasting collaboration, our main 
dealer partner has continuously provided training 
programs designed to enhance service partner 
capabilities. 

(Dovbischuk, 2022) 0.840 

OLD4 Our main dealer partner strengthen our capabilities 
to achieve green, agile and resilient supply chain. 

(Dewi et al. 2024) 0.803 

OLD5 We and our main dealer continuously learn about 
customers’ needs and requirements. 

(Dewi and Hermanto, 2024) 0.832 

OLD6 Variety training courses of product and technical 
service has been supplied to us by the main dealer 
(omitted). 

(Dewi et al., 2024) - 

SCI is defined as long-term collaboration among stakeholders in the SC for all processes, joint planning and 
decision in the SC, H=0.918, Cronbach's alpha=0.916, CR=0.916 

SCI1 We sharing information with our main dealers about 
sales forecast, stock level, customers’ expectation and 
responsibilities on environmental impact. 

(Jajja et al., 2018) 0.838 

SCI2 We maintain long term collaborative agreement with 
our main dealer to deliver PSS and achieve 
environmental goals. 

(Jajja et al., 2018) 0.846 

SCI3 We maintain joint decision making with our main 
dealer about PSS delivery, quality improvement and 
resolve environment-related problems. 

(Jajja et al., 2018) 0.864 

SCI4 We maintain good communication with customers 
through multiple communication channels. 

(Oubrahim et al., 2023) 0.781 

SCI5 We continually seek input from customers to assess 
their satisfaction levels and gather feedback of 
Product-service systems. 

(Oubrahim et al., 2023) 0.809 

SCI6 We maintain integrated data with main dealers 
within our SC network (omitted). 

(Tan et al., 2023) - 

SCD is defined as transformation of business routines from traditional systems to digital systems, H=0.865, 
Cronbach's alpha=0.842, CR=0.850 

SCD1 We have utilized digital tools to communicate with 
our main dealer. 

(Yu et al., 2023) 0.675 

SCD2 We have employed digital devices to record 
transactions with our customers. 

(Yu et al., 2023) 0.713 

SCD3 We possess the ability to exchange digitalized data 
with our customers to ensure effective 
communication of PSS. 

(Qiao et al., 2023) 0.850 

SCD4 Our system enables real-time digital data sharing 
with our primary dealer partner for operational, 
inventory, and sustainability planning purposes.   

(Yu et al., 2023) 0.818 

SCD5 We have utilized digital technologies to create 
innovative PSS that can appeal to untapped markets 
(omitted). 

(Qiao et al., 2023) - 
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Table 2 Measurement variables (constructs) and corresponding scale indicators (Cont.) 
Code Domain of constructs and items References Factor loading 

SCAR is defined as the capability of SC to acknowledge effectively and promptly to the market changes and quickly 
recover to the original state, H=0.895, Cronbach's alpha=0.892, CR=0.893 

SCAR1 We continuously enhance our PSS to rapidly boost 
customer satisfaction levels. 

(Kim and Chai, 2017) 0.805 

SCAR2 We continuously enhance the reliability of our PSS 
delivery through rapid improvements. 

(Kim and Chai, 2017) 0.804 

SCAR3 We continuously reconfigure our PSS supply chain 
capabilities to swiftly adapt to evolving market 
demands. 

(Al-Omoush et al., 
2022) 

0.750 

SCAR4 We continuously drive innovation in our PSS 
offerings to maintain market leadership. 

(Boon-itt et al., 2017) 0.794 

SCAR5 We have capabilities and resources to deal with 
disruption and quickly recover from it . 

(Shukor et al., 2021) 0.804 

SCAR6 We continuously reconfigure our supply chain 
resource capacity to rapidly mitigate demand 
disruptions (omitted). 

(Belhadi et al. 2022) - 

SCAR7 Our team proactively reconfigures production 
capacities to seamlessly customize orders based on 
client requirements (omitted). 

(Belhadi et al. 2022) - 

GSC is defined as organizational principles that aim to achieve both profit and economic benefits while also improving 
ecological efficiency by reducing the environmental impact of industrial activities, H=0.874, Cronbach's alpha=0.866, 
CR=0.868 

GSC1 Our product is designed and manufactured to 
facilitate recycling, rework, and repair. 

(El Khoury et al. 2023) 0.801 

GSC2 Our product is designed and manufactured using 
eco-friendly materials with a long material lifespan 
and reduce negative impacts on the environment. 

(El Khoury et al. 2023) 0.724 

GSC3 Our product is manufactured in accordance with 
environmental standards and regulations. 

(El Khoury et al. 2023) 0.836 

GSC4 We prolong the product lifespan through the 
provision of a bundle Product-service systems. 

(Dewi et al.,  2023) 0.791 

GSC5 Our company has electric motorcycle to support 
low emission (omitted). 

(El Khoury et al. 2023) - 

GSC6 The company prioritizes the management of 
environmental issues concerning PSS delivery 
(omitted). 

(El Khoury et al. 2023) - 

PSSGCP is defined as a company's approach to achieve good quality, flexibility, profits and delivery while considering 
the integration of environmental awareness, H=0.938, Cronbach's alpha=0.932, CR=0.932 

PSSGCP1 We have high speed of PSS offering deliveries. (Choi et al., 2018) 0.825 
PSSGCP2 We have high volume/ capacity flexibility. (Choi et al., 2018) 0.841 
PSSGCP3 We have a high degree of PSS variety offering. (Akın Ateş et al. 2022) 0.838 
PSSGCP4 We have high performance of PSS quality offering. (Akın Ateş et al. 2022) 0.845 
PSSGCP5 We have high level of customer satisfaction. (Akın Ateş et al. 2022) 0.876 
PSSGCP6 We have high level of PSS profitability. (Akın Ateş et al. 2022) 0.671 
PSSGCP7 We have reduced the use of harmful, toxic, and 

hazardous substances in our products. 
(Pham and Pham, 
2021) 

0.794 

 

 
4.3. Assessment of common method bias 

Harman’s single-factor test is used to assess common method variance (CMV). We found an 
average variance extracted of 32.5% by placing all construct items into one factor and utilizing 
maximum likelihood extraction, indicating no significant CMV (Podsakoff et al., 2003). To further 
evaluate CMV, a common latent factor (CLF) was incorporated into the measurement model. The 
results showed that the differences in regression weights were less than 0.2 in the CFA models with 
and without the CLF, confirming the absence of CMV (MacKenzie et al., 2011). 
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4.4. Assessment of the structural model 
The results confirmed an appropriate model fit for the proposed structural framework, with 

normed χ² = 2.269, SRMR = 0.040, RMSEA = 0.050, CFI = 0.95, and TLI = 0.95 (Figure 2). Given a 
PCFI value of 0.87, the model is also considered parsimonious. 

 

Figure 2 Structural model findings including path coefficients and explained variances 
 

The ten hypotheses were tested using SEM. The results indicate that GSC positively affects 
PSSGCP, with a coefficient of 0.514 (𝑝 < 0.001), supporting H1. Hypothesis H2, which posits that 
SCAR positively impacts PSSGCP, is supported by a path coefficient of 0.157 (𝑝 < 0.001). Similarly, 
H3a is validated, showing that OLD influences GSC, with a coefficient of 0.135; likewise, H3b is 
supported, demonstrating that OLDD shows a positive correlation with SCAR, with a coefficient of 
0.429 (𝑝 < 0.001). Moreover, OLD positively affects SCI with a coefficient of 0.732 (𝑝 < 0.001), 
supporting H6. SCI does not have a significant impact on GSC (H4a), but H4b is supported, 
showing that SCI positively affects SCAR with a coefficient of 0.327 (𝑝 < 0.001). Additionally, SCI is 
positively associated with SCD with a coefficient of 0.490 (𝑝 < 0.001), supporting H7. Lastly, SCD 
has a significant impact on GSC (H5a=0.681, 𝑝 < 0.001), and H5b is supported, indicating that SCD 
has a significant positive effect on SCAR, with a coefficient of 0.120. The R² values for SCI, SCD, 
GSC, SCAR and PSSGCP: 0.536, 0.240, 0.469, 0.585, and 0.340, respectively. 

Although indirect effect hypotheses were not explicitly formulated, they are explored in this 
section to enhance the depth of analysis. The significance of the mediation paths was evaluated 
using bias-corrected bootstrapping with 2,000 random samples. Table 3 summarizes the eight 
significant mediation paths. SCI fully mediates the relationship between OLD and SCD, 
underscoring its role in enabling digital transformation. SCD fully mediates the path from SCI to 
GSC, demonstrating that SCI influences green practices only when operationalized through 
digitalization. The effect of OLD on GSC is partially mediated by SCI and SCD, with significant 
direct and indirect effects. Similarly, the relationship between OLD and SCAR shows partial 
mediation through SCD, indicating that digital capabilities complement OL. The path from SCI to 
SCAR is partially mediated by SCD, although the indirect effect is relatively small. Three full 
mediation paths are identified for PSSGCP: (1) OLD affects PSSGCP through GSC, SCAR, and SCD; 
(2) SCI influences PSSGCP via SCD and SCAR; and (3) SCD impacts PSSGCP through GSC and 
SCAR. These results indicate that enhancing PSSGCP depends on the integration and mediation of 
SCI, SCD, GSC, and SCAR rather than on direct effects alone. 
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Table 3 Mediation paths of the indirect effects between antecedents and PSSGCP 

Path 
(mediation type) 

Mediator Indirect effect Interpretation 

OLD - SCD (full) SCI 0.328 SCI fully mediate the relationship 
OLD-GSC (partial) SCI, SCD 0.158 Both direct and indirect significant 

OLD-SCAR 
(partial) 
SCI-GSC (full) 
SCI-SCAR(partial) 
OLD-PSSGCP(full) 
SCI-PSSGCP (full) 
SCD-PSSGCP (full) 

SCD 
SCD 
SCD 
GSC,SCAR,SCD 
SCD, SCAR 
GSC, SCAR 

0.323 
0.320 
0.069 
0.221 
0.151 
0.333 

Both direct and indirect significant 
Only indirect path significant 
Minor mediation via SCD 
Fully mediated through multiple paths 
Fully mediated through multiple paths 
Fully mediated through multiple path 

5. Discussions 

OLD items exhibit strong loadings ranging from 0.803 to 0.846, confirming that the items reflect 
the training and knowledge-sharing initiatives provided by the main dealer. This supports the 
conceptualization of OLD as a dynamic process aimed at improving SC capabilities. SCI items also 
show robust loadings between 0.781 and 0.864, reinforcing the importance of long-term 
collaboration, joint decision-making, and customer engagement in achieving effective integration. 
SCD has slightly more varied loadings, ranging from 0.675 to 0.850. Although SCD1 and SCD2 fall 
just below the ideal threshold, they are still considered acceptable in the early stages of scale 
development. The strongest loading (0.850) for SCD3 highlights the importance of digitalized 
communication with customers. SCAR items load between 0.750 and 0.805, indicating consistent 
performance across items related to PSS innovation, adaptability, and recovery capabilities. GSC 
indicators show adequate loadings from 0.724 to 0.836, validating the focus on green design, 
regulatory compliance, and lifecycle management. PSSGCP items are generally high-loading, with 
values between 0.671 and 0.876. The slightly lower PSSGCP6 loading (0.671) is still within 
acceptable limits, especially when theoretical support exists. The highest loading (0.876) underlines 
the importance of customer satisfaction in competitive performance. Additionally, by analyzing the 
items’ standardized loadings, executives can identify key capability priorities for boosting PSSGCP, 
allowing motorcycle company managers to systematically focus their strategic efforts where they 
will have the greatest impact. 

The PSSGCP reflects a firm’s ability to integrate environmental sustainability with high 
operational and market performance. First, the high speed of PSS offering deliveries indicates a 
responsive and efficient service model, which enhances customer satisfaction and market agility. 
High volume/capacity flexibility shows the firm’s ability to adapt production and service outputs 
based on fluctuating demand, which is essential in dynamic and environmentally conscious 
markets. The high degree of PSS variety reflects innovation and customization, allowing firms to 
cater to diverse customer needs while embedding sustainable features in each variant. The high 
performance of PSS quality offerings demonstrates the firm’s ability to maintain superior standards, 
which builds trust and supports long-term relationships with customers. High levels of customer 
satisfaction are critical outcomes of the combined speed, flexibility, variety, and quality 
performance, reinforcing customer loyalty and positive environmental perception. Additionally, 
high levels of PSS profitability ensure that environmental initiatives are economically viable, 
proving that green practices can be both sustainable and financially beneficial. Finally, the reduction 
in the use of harmful, toxic, and hazardous substances directly supports environmental goals and 
regulatory compliance while also contributing to safer and eco-friendlier products. Collectively, 
these indicators confirm that a well-executed green PSS strategy can simultaneously deliver 
environmental value, customer satisfaction, and competitive business performance. 

Integrating green awareness and achieving competitive business goals are two crucial aspects 
highlighted in recent studies (Kumar et al., 2024). However, most recent studies have investigated 
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competitive performance and green awareness as separate entities (Zhu et al., 2022). Existing 
research rarely explores how to manage green and competitive performance as a unified measure, 
known as the PSSGCP. This study reveals that GSC has a significant positive effect on PSSGCP, and 
that SCAR is positively associated with PSSGCP, as supported by Hypotheses 1 and 2, respectively. 
This is the first contribution to the body of knowledge, where our findings suggest that GSC and 
SCAR have a positive impact on PSSGCP. Furthermore, the results of this research contribute to the 
existing literature in multiple aspects.  

This study shows that OLD and SCD positively impact the GSC. The observed outcomes 
corroborate the results reported by Evangelista and Hallikas (2022), emphasizing the important role 
of SCD in achieving green objectives, and the findings of Yang et al. (2024), confirming OLD as a 
positive moderator for improving sustainability. SCI alone does not significantly impact the green 
supply chain. However, there is a significant path from OLD to SCI and SCD, which positively 
affects GSC. This finding indicates that although SCI is important, it alone cannot directly drive 
GSC. Instead, SCI must first enable the organization to digitally transform its SCD. These digital 
capabilities create the necessary transparency, responsiveness, and process efficiency required to 
implement and scale environmentally sustainable practices. Thus, without the SCD’s digital 
infrastructure and capabilities, the SCI’s strategic alignment may lack the operational leverage 
needed to impact GSC outcomes. This highlights the sequential and complementary nature of 
capabilities in achieving green performance: integration enables digitalization, which then enables 
improvements in environmental performance. The general assumption in the existing literature is 
that SCD accelerates the improvement of SCI (Shi et al., 2023; Liu et al., 2022). However, in this 
study, we found the opposite because of the nature of the motorcycle industry, where long-term 
collaboration and close relationships in their SC result in strong integration between manufacturers, 
main dealers, and service partners. Integration in their SC positively enhances SCD capabilities. 

This study further demonstrates that OLD, SCI, and SCD positively impact SCAR. All three 
constructs positively impact SCAR. This aligns with prior research findings (Abdelilah et al., 2023; 
Eryarsoy et al., 2022). Similarly, the existence of a significant path from OLD to SCI and SCD 
positively affects SCAR, confirming that all three constructs are important for enhancing SCAR. 

This study contributes to extending the use of DC into the context of PSS and SC. This is 
demonstrated by the use of DC as the underpinning theory, which was thoroughly detailed in the 
development of the survey and has been tested to be valid and reliable. The research underscores 
how collaborative SCI between core stakeholders (manufacturers, main dealers, and service 
partners) is essential for successful PSS implementation. OLD, represented by knowledge transfer 
and training provided by manufacturers and main dealers to service partners, and SCD, which 
adopts technological advancements to build a green, agile, and resilient SC, are also highlighted. 
This study further shows that dynamic capabilities—often described as company-specific, tacit, and 
difficult to imitate or transfer—can be effectively shared and developed through strong 
collaboration within the supply chain of the motorcycle industry. The findings illustrate that even 
deeply embedded capabilities such as agility, innovation, and green awareness can be disseminated 
across organizational boundaries with strategic and ongoing collaboration. 

6. Conclusions and future research 

This study underscores the crucial role of the green supply chain, agility, and resilience in 
enhancing the green competitive performance of PSS. Grounded in the dynamic capabilities theory, 
it highlights the importance of developing organizational capabilities—such as flexibility, 
robustness, and responsiveness—to navigate disruptions and capitalize on opportunities in a 
volatile environment. The integration of organizational learning development, supply chain 
integration, and supply chain digitalization is identified as the key to strengthening these 
capabilities. The findings show that an effective GSC not only supports environmental goals but 
also achieves high quality, flexibility, profitability, and reliable delivery. This study provides a 
holistic perspective and offers practical insights for motorcycle industry practitioners seeking to 
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improve their green competitive performance by connecting green, agile, and resilient supply chain 
concepts within a dynamic capabilities framework. Despite these valuable insights, this study has 
several limitations that warrant further research. First, the study primarily examines SCP within a 
specific industry context, which may limit the generalizability of its findings across different sectors. 
Second, the geographical scope of the study is confined to Indonesia. Future research could apply 
this framework to different industries and broader geographical areas to achieve more 
generalizable conclusions. Additionally, the study focuses on a predetermined set of performance 
indicators; expanding this scope to incorporate emerging factors such as the circular economy, 
block chain technology, and artificial intelligence-driven supply chain would provide deeper 
insights into the topic’s evolving landscape. Future research could incorporate social indicators to 
provide a more complete evaluation of sustainability performance. Finally, this study relies on 
cross-sectional survey data, capturing performance at a single time point to assess performance. 
However, this performance is likely to shift over time. Using a longitudinal approach to track 
changes in performance and the capabilities that evolve with these changes would be insightful. 
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