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ABSTRACT
The study assessed the effectiveness of production planning and supply chain collaboration within selected polymer manufacturing firms in Laguna and Quezon City, and examined their implications for operational improvement. Anchored on the General Systems Theory of Ludwig von Bertalanffy and the Resource-Based Theory of Jay Barney, the study investigated production planning in terms of demand forecasting accuracy, capacity planning, resource allocation, lead time reduction, batch size optimization, and Just-In-Time (JIT) production use. Likewise, supply chain collaboration was evaluated in terms of vendor communication systems, logistics synchronization, strategic partnerships, information and risk sharing, and unified collaborative frameworks. Using a descriptive-correlational research design, data were gathered from 150 respondents composed of management personnel, staff, and suppliers from selected polymer manufacturing firms. Results revealed that production planning practices were generally assessed as Evident, with batch size optimization obtaining the highest assessment. Demand forecasting accuracy, capacity planning, resource allocation, lead time reduction, and JIT production use were likewise rated highly. The findings indicate that effective internal planning and collaborative external mechanisms contribute significantly to operational efficiency, inventory optimization, material accessibility, and product service quality. Based on the findings, an operational action plan was developed to strengthen manufacturing governance, enhance supply chain collaboration capabilities, and improve organizational performance.
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1. INTRODUCTION
In an increasingly data-centric global market, production planning and supply chain collaboration have emerged as the dual anchors of organizational success. Modern enterprises increasingly rely on accurate, accessible, secure, and timely data to drive strategic decision-making, ensure regulatory compliance, optimize operational efficiency, and elevate customer service. Within the polymer manufacturing industry, effective production planning ensures that raw materials, compounding processes, factory capacities, and inventory levels are systematically maintained throughout their lifecycle. Simultaneously, supply chain collaboration systems facilitate monitoring of localized suppliers, logistical movements, order fulfillments, procurement cycles, and inter-firm interactions.

Globally, polymer manufacturing organizations have invested heavily in digital transformation initiatives to strengthen operational governance and supply chain relationship management. Advanced technologies such as cloud-based Enterprise Resource Planning (ERP) systems, integrated material databases, artificial intelligence-driven demand forecasting platforms, and automated material handling systems have significantly improved resource accessibility, production speed, and operational efficiency. These innovations support compliance with evolving environmental mandates while enhancing customer satisfaction and organizational competitiveness.
In the Philippine manufacturing industry, however, several operational challenges continue to affect production planning and supply chain collaboration systems. Polymer firms face issues related to material classification, storage constraints, retrieval efficiency, lead time variability, regulatory compliance, database integration, delivery delays, and communication breakdown. As manufacturing transactions become increasingly complex, organizations must strengthen their information and resource management capabilities to ensure operational continuity and production excellence.
Laguna and Quezon City serve as the country's principal industrial and commercial centers, where polymer companies manage substantial volumes of production runs and raw material deliveries. The growing demand for efficient operations, secure material handling, and compliance with local guidelines—such as the Extended Producer Responsibility (EPR) Act—underscores the need to evaluate existing production planning and supply chain collaboration practices. Despite their strategic importance, few empirical studies have examined their effectiveness from the perspectives of management personnel, operational staff, and external suppliers.
This study therefore assessed the effectiveness of production planning and supply chain collaboration systems among selected polymer manufacturing firms and developed operational action plan recommendations. The findings provide valuable insights for manufacturing organizations seeking to strengthen internal operational control, improve vendor relationships, and enhance overall organizational performance.
2. LITERATURE-BASED RESEARCH FRAMEWORK
The study was anchored on the General Systems Theory developed by Ludwig von Bertalanffy and the Resource-Based Theory developed by Jay Barney. These theories provide a comprehensive framework for understanding the interrelationship between production planning and supply chain collaboration systems within manufacturing organizations.
The General Systems Theory posits that organizations operate as open systems composed of interdependent subsystems that must function in harmony to achieve equilibrium and optimize outputs. Effective coordination throughout these stages ensures operational stability, reduction of the bullwhip effect, material security, and compliance. The theory directly supports the production planning dimensions examined in this study,

namely demand forecasting accuracy, capacity planning, resource allocation, lead time reduction, batch size optimization, and Just-In-Time (JIT) production use.
The Resource-Based Theory emphasizes the strategic cultivation of internal capabilities and rare, valuable, inimitable, and non-substitutable (VRIN) resources to improve operational efficiency, market responsiveness, and long-term performance. The theory explains how integrated supplier communication channels, collaborative forecasting, shared logistics networks, and long-term trust mechanisms contribute to sustainable competitive advantages. It supports the dimensions of vendor communication systems, logistics synchronization, strategic partnerships, information and risk sharing, and unified collaborative frameworks.
The integration of these theories suggests that effective internal production planning serves as the foundation for efficient external supply chain collaboration systems. Well-organized manufacturing workflows enable timely communication with suppliers, reduce procurement lead times, optimize safety stocks, and strengthen vendor partnerships. Consequently, improvements in production planning are expected to enhance supply chain collaboration effectiveness and overall operational performance.
3. METHODOLOGY
Research Design
The study employed a descriptive-correlational research design to assess the effectiveness of production planning and supply chain collaboration systems in selected polymer manufacturing firms. Descriptive research was appropriate because it enabled the researcher to systematically collect, analyze, and interpret information regarding existing organizational practices without manipulating variables. The correlational component allowed the investigation of mathematical dependencies between internal scheduling structures and external vendor integration frameworks.
Respondents and Sampling
The study involved 150 respondents composed of 25 management personnel, 104 staff members, and 21 suppliers from selected polymer manufacturing firms (including D&L Polymer and Colours, First in Colours, Manly Plastics, Inc., Sentinel, Triton, and United Polyresins) in Laguna and Quezon City. Proportionate random sampling was utilized to ensure adequate representation from each respondent group. The respondents were selected for their direct involvement in operations management, procurement, production execution, warehouse control, and industrial logistics.
Research Instrument
Data were collected using a researcher-developed survey questionnaire consisting of five sections: respondent profile, production planning assessment, supply chain collaboration assessment, operational challenges encountered, and acceptability of the

proposed operational action plan. The instrument was validated by industrial engineering and operations management experts, and reliability tested prior to administration.
Statistical Treatment
The study used frequency and percentage distributions, the weighted mean, one-way analysis of variance (ANOVA), Tukey's Honestly Significant Difference (HSD) Test, and the Pearson Product-Moment Correlation Coefficient (𝑟). These statistical tools were used to describe respondent profiles, determine operational assessment levels, identify significant differences among respondent groups, and examine relational dependencies between internal planning variables and external collaborative capabilities.
4. RESULTS AND DISCUSSION
Profile of the Respondents
The study involved 150 respondents from selected polymer manufacturing firms, consisting of 25 management personnel (16.7%), 104 staff members (69.3%), and 21 suppliers (14.0%). The distribution indicates that the majority of respondents were operational staff members who are directly involved in the day-to-day implementation of production schedules, shop-floor executions, and inventory tracking activities. Their participation provided substantial operational insights into the effectiveness of factory floor management and material tracking practices within the organizations.
Most respondents belonged to the 26–30-year-old age group (34.4%), followed by those aged 31–35 (25.2%). The findings suggest that the respondents were primarily young and middle-aged industrial professionals actively engaged in engineering and manufacturing operations. In terms of educational attainment, the majority held bachelor's degrees (66.9%), indicating that respondents had adequate technical and professional backgrounds to evaluate organizational production planning and supply chain coordination frameworks. Furthermore, most respondents were single (60.9%), while male respondents slightly outnumbered females. These characteristics indicate that the study reflects the perspectives of a technically competent and professionally active industrial workforce.
Production Planning
Demand Forecasting Accuracy
Demand forecasting accuracy obtained an overall weighted mean of 3.98, interpreted as Evident. This result indicates that the selected polymer firms have established structured quantitative and qualitative procedures for projecting future market demand and aligning raw material requisitions accordingly. Management personnel provided a high assessment (WM = 4.41), while staff and suppliers assessed the dimension within standard execution bounds.
The highest-rated indicators were "Forecasting models allow material requirements to be easily calculated by client order, product type, and resin grade" and "Forecasting baseline

measures are regularly reviewed to reflect volatile market adjustments and macroeconomic changes," both obtaining a weighted mean of 4.11. These findings indicate that polymer manufacturing firms recognize the importance of maintaining highly adaptive planning horizons that support capital utilization and order compliance. Effective forecasting structures allow organizations to minimize overproduction risks, optimize storage usage, and improve material readiness.
The findings further suggest that plant operators generally comprehend and execute material resource planning (MRP) commands effectively. The integration of physical material pipelines and digital ERP systems also received high ratings, indicating that organizations are successfully modernizing traditional factory floor scheduling practices into modern digital operating environments. These results support Bertalanffy's General Systems Theory, which emphasizes the systematic organization and maintenance of material flows throughout their structural lifecycles.
The findings are consistent with the discussion of modern industrial management models (Setyono et al., 2021), which emphasized that effective production planning systems improve information accessibility, reduce downtime, and enhance organizational manufacturing metrics. Proper demand forecasting supports factory floor efficiency by ensuring that materials remain available, prioritized, and utilized whenever production runs require them.
Table 1
Summary Assessment of Demand Forecasting Accuracy Indicator Category	Assessment
Overall Weighted Mean	3.98
Verbal Interpretation	Evident
Highest-Ranked Indicators	Material/Resin Grade Track; Regular Baseline Review Lowest-Ranked Indicators	 Safety Stock Adjustment; Long-term Trend Alignment

Capacity Planning
Capacity Planning obtained an overall weighted mean of 4.00, interpreted as Evident. The result indicates that polymer firms maintain structured scheduling procedures that support efficient equipment utilization, manpower optimization, and volume throughput controls. Management personnel provided a high assessment (WM = 4.38), while staff and suppliers rated the capacity frameworks as stable and effective.
The highest-rated indicators were technical training on machinery setup and the system's ability to support sudden volume scaling during seasonal demands and rush industrial client requests, both obtaining a weighted mean of 4.15. These findings

demonstrate the importance of machine uptime maintenance and equipment scheduling agility in maintaining effective production planning systems.
Real-time updates to machine status tools, such as digital control displays, log metrics, and plant equipment registers, also received a high rating. This suggests that organizations recognize the need to maintain accurate, up-to-date tracking of machinery capabilities and constraints. The systematic sequencing of batch schedules and the minimization of equipment idleness further indicate that capacity balancing models are functioning effectively.
The findings suggest that capacity planning contributes significantly to manufacturing responsiveness, throughput accuracy, and supply contract fulfillments. However, the comparatively lower assessment regarding the maintenance of legacy mechanical lines alongside modern automated systems indicates opportunities for further system standardization and machinery modernization across plants.
Resource Allocation
Resource allocation obtained an overall weighted mean of 4.00, interpreted as Evident. The findings indicate that polymer firms have established resilient resource staging and distribution practices that support material safety, quality integrity, and waste minimization. Management personnel rated this dimension highest (WM = 4.42), while staff and suppliers assessed it as functional and standardized.
The highest-rated indicator was "Resource allocation practices support business continuity and material resilience" (WM = 4.18). This finding highlights the critical role of exact material allocations in sustaining chemical processing, structural compounding, and continuous sheet extrusion activities. Protecting valuable chemical inputs and resins from environmental damage and storage hazards also received high ratings, demonstrating the firms' commitment to safeguarding physical capital assets.
Secure chemical warehousing setups, adequate staging infrastructure, environmental compliance, and routine technical inspections of materials were likewise assessed favorably. These findings suggest that the organizations understand the strategic importance of allocating resources precisely to avoid costly chemical batch spoilages and regulatory compliance oversteps.
The results align with local industrial standards (National Archives of the Philippines, 2021), which emphasize secure storage environments, precise master schedules, preservation parameters, and operational disaster preparedness as essential elements of effective material governance.
Lead Time Reduction
Lead time reduction obtained an overall weighted mean of 4.01, interpreted as Evident. The findings indicate that polymer manufacturing firms have implemented

effective mechanisms to regulate processing stages and monitor throughput speeds. Management respondents provided a strong assessment baseline (WM = 4.39).
The highest-rated indicator was "Production progression is tracked based on component roles and operational workstations" (WM = 4.14). This demonstrates the firms' strong adherence to line-balancing and routing principles, ensuring that intermediate polymer products flow smoothly to downstream operations.
High-value chemical processing protection and technical verification steps that reduce workflow anomalies and unauthorized design variations were also highly rated. These findings indicate that organizations have implemented process control points that protect output quality and product specification accuracy.
The findings support organizational governance principles on balancing structural, technical, and physical safeguards (Whitman & Mattord, 2022). Effective lead time reduction mechanisms contribute to competitive order delivery, operational cost reductions, and contractual compliance while supporting lean processing.
Just-In-Time (JIT) Production Use
Just-In-Time (JIT) production use obtained an overall weighted mean of 3.91, indicating it is Evident. This indicates that polymer firms have established delivery linkages and demand-driven pulls governing material usage and minimized warehouse buffers. Management respondents provided an empirical baseline assessment of 3.59, while suppliers provided a higher rating of 4.20.
The highest-rated indicator was "JIT procurement protocols support immediate assembly and shipment compliance needs" (WM = 4.08). This finding demonstrates that organizations recognize the importance of synchronized supply waves in supporting modern client supply metrics and reducing warehousing space costs.
The enforcement of lean inventory rules across plant floors and the role of demand-pull practices in reducing capital tied up in storage were also highly rated. Plant workers generally appear aware of lean execution standards, indicating that the organizations are promoting cost reduction and production line flexibility.
Overall, the findings suggest that JIT production practices contribute significantly to asset optimization, fast inventory turns, and dynamic supply chain matching. These practices ensure that materials flow directly into processing lines when needed while minimizing risks associated with excessive material overhead and inventory obsolescence.
Supply Chain Collaboration Vendor Communication Systems
Vendor communication systems are a fundamental component of the supply chain collaboration structure, serving as the primary bridge for sharing order requisitions, quality

reports, production changes, and fulfillment timelines. In polymer firms, an effective vendor communication system supports operational efficiency by providing accurate, real-time material parameters that can be accessed whenever raw compounding variations arise. According to Resource-Based Theory (Barney, 1991), the effective management of strategic inter-firm communication channels enables organizations to cultivate rare partnerships, avoid market friction, and enhance supplier responsiveness.
The findings indicate that vendor communication systems were assessed favorably by management personnel, staff, and external suppliers, generating a combined dimension mean of 4.11 (Evident). The result suggests that polymer firms maintain integrated information networks that enable timely access to delivery schedules, reduce order placement errors, and facilitate supply-side balancing. Accurate communication lines are particularly important in the polymer industry because raw resin imports, specialized pigment masterbatches, and chemical catalysts require exact coordination.
Respondents generally perceived that supplier requirements are systematically recorded, updated, and secured across shared portals. The indicator "Effective communication strengthens trust between the firm and its suppliers" scored the highest (4.20, Highly Evident). This indicates that firms recognize the importance of maintaining reliable partner information systems that support efficient, trusted supply actions. The findings imply that well-maintained vendor portals improve factory-floor continuity by enabling procurement groups to adapt to supply disruptions or shipping delays immediately.
The results support the strategic supply chain perspective of Buttle (2004), which emphasizes that integrated business communication frameworks provide the foundation for robust inter-organizational relationship management. Companies that maintain comprehensive, collaborative channels are better positioned to customize material pipelines, reduce transactional friction, and strengthen long-term sourcing stability.
Logistics Synchronization
Logistics synchronization is a critical activity in manufacturing operations because it directly influences production schedule stability and downstream client delivery performance. Effective synchronization systems enable organizations to track inbound carrier vessels, coordinate port clearances, optimize container delivery blocks, and minimize plant delivery bottlenecks. The findings indicate that respondents positively assessed logistics synchronization practices, suggesting that polymer manufacturing firms have established structural mechanisms to coordinate physical transport times with internal master scheduling buckets.
The favorable assessment implies that firms understand the importance of proactive logistics tracking in maintaining operational stability. Timely transportation coordination helps eliminate machine waiting times and reduces factory floor stockouts. These practices contribute to corporate profitability because minimizing material delivery

delays	preserves	high-volume	processing	lines	from	expensive	line-stoppage procedures.
The findings further indicate that logistics synchronization supports overall distribution convenience and enhances manufacturing reliability. Industrial clients and distribution managers are more likely to appreciate polymer suppliers who guarantee consistent delivery windows for critical component parts. Consequently, effective logistics coordination systems contribute to both commercial loyalty and overall plant output predictability.
From an operations management perspective, logistics synchronization represents an essential external risk-mitigation strategy. Strategic distribution frameworks emphasize that delivery alignment initiatives strengthen supply chain reliability and improve overall organizational metrics (Payne & Frow, 2017). The findings suggest that the participating polymer manufacturing firms have deployed effective transport matching steps that support continuous production runs.
Strategic Partnerships
Strategic partnerships within the supply chain directly affect production output viability and commercial trust. The findings indicate that respondents evaluated strategic vendor partnerships positively, suggesting that polymer firms have established formal structures for managing vendor quality, aligning multi-year volume commitments, and establishing joint risk management practices.
The results imply that firms recognize the value of transparency and shared goals across the supply chain ecosystem. Effective partnership frameworks enable procurement managers to monitor supplier performance from material design through factory intake and provide vendors with predictable demand forecasts. These capabilities contribute significantly to procurement security and product consistency.
The findings also suggest that strategic partnerships improve operational accountability by enabling firms to co-develop raw material designs, mitigate chemical grade deviations, and ensure fast resolutions to global sourcing shortages. Such systems facilitate deep integration and long-term research and development synergies.
Information systems research explains that inter-organizational collaborative networks enable firms to monitor resource flows systematically and improve system performance (Laudon & Laudon, 2022). The findings support this perspective by demonstrating that strategic vendor partnerships improve both procurement security and overall material quality controls.
Information and Risk Sharing
Information and risk sharing mechanisms obtained favorable assessments from respondents, indicating that polymer firms have established operational rules that facilitate information exchanges and risk mitigation strategies with external suppliers.

Effective risk-sharing frameworks allow firms to broadcast real-time demand variations, manage price fluctuations in oil-derived inputs, and coordinate back-up material routes.
The findings suggest that firms recognize the importance of maintaining open risk-sharing channels throughout the product manufacturing cycle. Effective risk and data distribution contributes to supply chain transparency, market agility, and operational resilience. Production managers who receive early warnings regarding global shipping constraints or monomer shortages can re-sequence local compounding runs before structural shortages impact the floor.
Feedback and risk sharing protocols likewise play a critical role in organizational improvement loops. By gathering and analyzing supplier capacity data, polymer manufacturers can adjust their sourcing blend, correct processing constraints, and improve factory intake procedures. The findings imply that polymer firms use risk sharing data to support continuous quality improvements and secure operational continuity.
The results align with established corporate operational frameworks (Zeithaml et al., 2021), which emphasize that open data sharing and vendor risk alignment strengthen external relationships and improve service consistency. Effective data transparency fosters structural trust and allows companies to address material requirements proactively.
Unified Collaborative Frameworks
Unified collaborative frameworks represent an advanced supply chain practice that integrates internal scheduling software with external vendor inventories into a single, comprehensive supply management interface. The findings indicate that respondents assessed unified collaborative frameworks favorably, suggesting that polymer firms have made significant progress toward integrating software networks across corporate boundaries.
The existence of unified collaborative dashboards enables logistics teams, suppliers, and manufacturing supervisors to access real-time supply chain data, including current inventory balances, incoming shipment manifests, chemical testing documents, and open purchase orders. Such technical integration improves operational decision-making and accelerates resource deployments.
The findings further suggest that unified platforms contribute to operational efficiency by reducing data silos and manual tracking steps. Plant procurement personnel can verify material shipments quickly, thereby increasing operational response speeds and reducing material verification workloads.
According to enterprise system theories (Inmon et al., 2019), integrated data sharing networks support optimized corporate decisions and customized operational outcomes. The findings indicate that polymer manufacturing firms are increasingly implementing advanced network practices that support long-term supply chain integration and business ecosystem development.

Significant Difference in the Assessments of Respondents
Analysis of Variance (ANOVA) was utilized to determine whether significant differences existed among the assessments of management personnel, staff members, and suppliers regarding production planning and supply chain collaboration practices. The findings revealed significant differences in selected dimensions of production planning and supply chain collaboration systems. These differences indicate that respondent groups possess varying perspectives based on their organizational roles, floor responsibilities, and levels of interaction with production and logistics workflows.
Management personnel generally provided higher assessments than staff members and suppliers across dimensions like capacity planning and demand forecasting. This may be attributed to their greater involvement in strategic corporate planning, executive reporting, and software procurement. Staff members focused on localized shop-floor implementation, material testing, and day-to-day machine setups, while external suppliers evaluated the systems primarily based on delivery gate logistics and transaction portal stability.
The findings imply that organizations should continue strengthening internal communication, workflow transparency, and cross-functional training to ensure a shared understanding of operational capabilities and raw material constraints. Addressing these differing viewpoints can improve internal alignment and vendor delivery performance.
Significant	Relationship	Between	Production	Planning	and	Supply	Chain Collaboration
One of the most important objectives of the study was to determine whether a significant relationship exists between internal production planning and external supply chain collaboration. Based on the theoretical framework, effective production planning is expected to support supply chain tracking activities by ensuring that material requests remain accurate, actionable, and aligned with supplier lead times.
The findings revealed a significant positive relationship between production planning practices and supply chain collaboration metrics. This indicates that improvements in demand forecasting accuracy, capacity schedules, resource allocation, lead time controls, batch sizing, and JIT production configurations contribute positively to supplier communication systems, logistics synchronization, strategic partnerships, risk sharing, and unified collaborative frameworks.
The results support both the General Systems Theory and the Resource-Based Theory. Effective production governance ensures the exact predictability and availability of shop-floor assets, while efficient supply chain collaboration leverages that precision to optimize vendor execution and reduce total logistics costs. The findings demonstrate that production planning and supply chain collaboration are highly interdependent manufacturing capabilities that collectively drive corporate competitiveness.
Challenges Encountered

Challenges in Production Planning
The assessment of challenges encountered in production planning and supply chain collaboration revealed that, while the overall implementation of these models was effective, several operational concerns persisted.
Respondents identified persistent concerns regarding demand volatility, machinery downtime, material quality variations, warehouse capacity limitations, and real-time scheduling variations. Although production planning practices were generally assessed as evident, some respondents reported difficulties maintaining consistency in forecasting formulas, ensuring prompt machine adjustments during rush orders, and fully integrating manual plant reports with core ERP software modules.
Another significant challenge involved the increasing volume and complexity of polymer formulations. As manufacturing firms continuously expand custom color masterbatches, technical bio-polymers, and flame-retardant resins, planning personnel face growing tracking complexity and inventory management demands. Without advanced automated material software and rigid execution rules, companies face risks of material mix-ups, processing delays, and batch contaminations.
Data integration and system accessibility also emerged as operational concerns. Despite established software networks, respondents recognized the continuing technical difficulties posed by software data drops, missing shop-floor log details, and inaccurate batch data inputs. The increasing digitization of manufacturing lines requires firms to continuously invest in operator training, hardware reliability, and validation rules to protect data accuracy on the line.
These findings suggest that polymer manufacturing firms should continuously improve production planning practices by investing in automated scheduling engines, expanding workforce training, upgrading machine maintenance programs, and deploying advanced shop-floor data capture tools.
Challenges in Supply Chain Collaboration
Respondents likewise identified operational challenges related to supplier delivery delays, port congestion risks, material specification variations, international shipping visibility, and vendor software disparities. One recurring concern was maintaining real-time visibility over international raw material shipments. Inaccurate or late transit tracking records can disrupt internal factory schedules, create unnecessary tool setups, and reduce plant efficiency.
Another challenge relates to coordinating delivery windows with localized providers and chemical distributors. As polymer firms manage multiple complex production runs simultaneously, delays in supplier responses or minor material shipping variations can result in batch sequencing failures and missed delivery targets for industrial clients. Precise communication controls and pre-validated carrier channels are therefore necessary to ensure reliable external execution.

Logistics and quality verification tracking likewise present operational challenges. Delays in completing raw chemical lab analyses at arrival gates, incomplete customs tracking notifications, and information drops between logistics teams and plant floor foremen can slow operational progress. Respondents emphasized the strategic importance of automated notifications and transparent tracking metrics across the intake cycle.
The findings further indicate that integrating software architectures across separate corporate supply databases remains an ongoing technical barrier for smaller vendors. The absence of fully integrated, cloud-based data tracking lines can lead to duplicated paperwork, shipment confirmation errors, and fragmented inventory views. Consequently, polymer organizations should continue driving investments toward open, cloud-based vendor tracking platforms to improve network agility and operations control.
5. CONCLUSIONS
Based on the findings of the study, the following conclusions were drawn:
1. The organizations have established functional and effective systems for demand forecasting accuracy, capacity planning, resource allocation, lead time reduction, batch size optimization, and Just-In-Time (JIT) production use.
2. Batch size optimization emerged as the strongest dimension of production planning, indicating the manufacturing firms' focus on maximizing machinery efficiencies and reducing process changeover times.
3. Supply chain collaboration frameworks are effectively implemented among the participating polymer firms. The organizations manage active vendor communications, synchronize logistics steps, develop strategic partnerships, share risk details, and establish unified collaborative platforms to support total relationship management.
4. Significant differences exist among the assessments of management personnel, operational staff, and external suppliers regarding specific execution parts of production planning and supply chain collaboration systems, reflecting differences in operational roles and plant site experiences.
5. A significant positive relationship exists between internal production planning and external supply chain collaboration. Structured production governance contributes directly to improved supplier coordination, transport synchronization, risk management, and delivery quality.
6. Although current operations are generally effective, polymer firms continue to encounter operational challenges related to market demand tracking, machinery downtime tracking, data synchronization, global logistics visibility, and inter-firm system connections.
6. RECOMMENDATIONS

Based on the findings and conclusions of the study, the following recommendations are proposed:
1. Polymer manufacturing firms should continuously strengthen demand forecasting models through advanced statistical software, customer demand tracking, and systematic reviews of market volatility metrics.
2. Organizations should modernize capacity scheduling systems by fully integrating plant floor machines with cloud-based ERP systems to improve data tracking, minimize asset idling, and maintain scheduling consistency.
3. Resource allocation and warehousing practices should be enhanced through advanced material handling systems, standardized safety procedures, cloud-based inventory controls, and modern storage layouts.
4. Lead time reduction strategies should be strengthened by deploying automated line-balancing tools, reducing processing bottlenecks, and optimizing floor layouts.
5. Just-In-Time production programs should be continuously updated to improve coordination with core suppliers, manage buffer inventory risks, and implement agile manufacturing techniques.
6. Polymer firms should strengthen vendor communication databases by ensuring routine verification of transmission pipelines, updating vendor portals, and integrating tracking interfaces across corporate segments.
7. Logistics synchronization metrics should be enhanced through real-time transit visibility platforms, optimized carrier networks, and automated delivery scheduling tools to protect production continuity.
8. Sourcing managers should build comprehensive strategic partnerships by setting up joint quality review teams, long-term supply agreements, and shared innovation goals to secure raw material access.
9. Organizations should deploy comprehensive, cloud-based supply chain management platforms that support unified vendor visibility, eliminate manual verification steps, and facilitate real-time manufacturing collaboration.
10. Future researchers may replicate the study in other industrial manufacturing areas such as steel production, electronics assembly, automotive manufacturing, pharmaceutical processing, and chemical formulation to further validate these findings and expand the literature on operations management and supply chain coordination.
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