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This study develops and pilot-tests a quadrant-based performance framework that extends 

existing waste management evaluation approaches by integrating four critical dimensions 

workforce (IW), materials (IM), methods (MT), and management (MN) with dual-axis 

importance-performance analysis (IPA). Applied to 30 respondents from three construction 

contractors in Greater Malang, East Java, Indonesia, the framework demonstrates preliminary 

diagnostic utility by simultaneously assessing perceived importance and actual 

implementation performance across 19 indicators. Results reveal that 10 indicators (53%) are 

positioned in Quadrant I, indicating high importance but low performance, requiring 

prioritized improvement. These include organizational structure for waste management (IW3), 

waste prevention by workers (IW6), prevention of material over-ordering (IM3), use of 

recycled materials (IM2), waste separation at source (MT1), construction design optimization 

(MT3), waste storage design (MT5), and regulatory compliance indicators (MN1–MN3). 

Cross-dimensional analysis reveals an observed pattern within this sample: underperforming 

indicators consistently involve upstream planning and governance mechanisms, while well-

performing indicators involve operational execution. Sensitivity analysis across three baseline 

methods confirms classification robustness for all priority indicators. As this is a small-scale 

pilot study applied to three contractors in one metropolitan region, findings are not 

generalizable beyond this specific sample without further replication with larger and more 

diverse samples. The framework provides construction contractors and policymakers with a 

preliminary evidence-based diagnostic tool for strategic resource allocation in rapidly 

urbanizing regions. 
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1. INTRODUCTION

Construction is a significant contributor to global waste 

production, accounting for approximately 30% of total waste 

generation in developing countries. A substantial portion of 

this waste is currently disposed of in landfills, occupying 

volumes that clearly exceed those of domestic waste [1]. The 

construction industry stands as a primary source of 

Construction and Demolition Waste (C&DW), which has seen 

a marked increase in line with population growth and 

urbanization trends. C&DW comprises a combination of waste 

streams, including non-hazardous, hazardous, and inert 

materials. Assessing the waste management system is 

therefore critical to improving the overall performance of 

C&DW handling [2]. It has been reported that the construction 

industry generates approximately 450 to 500 million tons of 

C&DW annually, leading to increased resource consumption 

and a significant rise in waste generation [3]. 

The management of C&DW is a critical aspect of the 

construction industry [4], requiring serious attention to 

maintain environmental balance and promote sustainable 

development. Environmental performance (EP) is one of the 

key approaches used to assess the extent to which C&DW 

management practices are effectively implemented by 

construction contractors [5]. EP in practice provides both a 

scientific foundation and guidance for formulating 

environmental protection policies [6]. Contemporary 

approaches to C&DW management increasingly emphasize 

the integration of circular economy principles, waste hierarchy 

frameworks (reduce, reuse, recycle), and lifecycle thinking to 

optimize material recovery and minimize environmental 

impacts [7, 8]. 

Various studies have addressed C&DW Management in an 

effort to enhance the commitment of the construction industry 

[9-11]. Previous research has identified stakeholder awareness 

as a critical factor influencing C&DW management 

International Journal of Sustainable Development and 
Planning 

Vol. 21, No. 7, July, 2026, pp. 3239-3259 

Journal homepage: http://iieta.org/journals/ijsdp 

3239

https://orcid.org/0009-0001-3272-3428
https://orcid.org/0009-0007-4166-470X
https://orcid.org/0009-0005-3663-5643
https://orcid.org/0000-0002-2939-2170
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijsdp.210727&domain=pdf


effectiveness [10, 11]. The life cycle assessment (LCA) 

approach has been adopted to evaluate the environmental 

impacts of different waste management strategies in buildings 

and to analyze the impact of global warming on urban waste 

management strategies [12, 13]. A system dynamics 

perspective has been employed to explore the interactions 

among variables affecting the EP of C&DW [14]. More recent 

developments include the integration of advanced 

technologies such as Building Information Modeling (BIM), 

Internet of Things (IoT), and machine learning for real-time 

waste monitoring, anomaly detection, and predictive analytics 

[15-17]. These studies underscore a range of methodological 

approaches and the ongoing challenges in understanding, 

assessing, and effectively implementing C&DW strategies. 

Although previous studies have provided valuable insights 

into strategies and evaluations of C&DW management, 

several fundamental limitations remain [14, 18, 19]. Research 

indicates a lack of integration between evaluation model 

performance and practical field assessments, particularly in 

accommodating complex system dynamics [14, 18]. Some 

studies place greater emphasis on evaluating stakeholder 

awareness, yet fall short in exploring operational approaches 

within C&DW practices [19]. Furthermore, the LCA 

approaches strongly focus on environmental impacts but do 

not sufficiently address socio-economic factors [12, 13]. 

While recent frameworks have incorporated multi-criteria 

decision-making tools such as fuzzy logic, SWOT analysis, 

and structural equation modeling to address complexity [20-

22], these approaches often lack visual diagnostic capabilities 

that enable practitioners to readily identify priority 

intervention areas and allocate limited resources strategically. 

A critical gap persists in the availability of performance 

assessment frameworks that simultaneously evaluate 

importance and actual implementation across multiple 

dimensions, while providing actionable prioritization 

guidance suitable for resource-constrained contexts. Most 

existing frameworks adopt either sequential assessment 

methods (evaluating importance and performance separately) 

or focus on isolated dimensions without cross-dimensional 

comparative analysis [23, 24]. This limitation is particularly 

problematic for small and medium-sized enterprise (SME) 

contractors in developing economies, who require practical 

diagnostic tools that clearly indicate where to invest limited 

resources for maximum EP improvement. The absence of 

integrated, visually intuitive frameworks that bridge academic 

rigor with practitioner usability represents a significant barrier 

to translating C&DW management research into practice [25, 

26]. 

To address these limitations, this study develops a quadrant-

based performance framework that enables simultaneous 

assessment of importance and actual performance across four 

critical dimensions: workforce (IW), materials (IM), methods 

(MT), and management (MN). Unlike linear or sequential 

evaluation models, the quadrant-based approach facilitates 

visual identification of priority areas (important but 

underperforming) versus efficiency maintenance areas 

(performing well but less critical), providing actionable 

insights for strategic resource allocation. This framework 

synthesizes principles from importance-performance analysis 

(IPA), circular economy thinking, and total quality 

management (TQM) into a cohesive diagnostic tool 

specifically calibrated for developing economy contexts where 

institutional capacity and financial resources are constrained. 

By integrating multiple dimensions within a single analytical 

framework and employing Cartesian quadrant visualization, 

the approach addresses the fragmentation evident in existing 

C&DW assessment methodologies [27-29]. 

Building on these foundations, particularly the Waste 

Management Performance Evaluation Tool (WMPET) and its 

Indonesian adaptation in Surakarta [30, 31], this study extends 

existing evaluation methodologies by integrating dual-axis 

IPA with visual quadrant-based prioritization. While WMPET 

established comprehensive indicator frameworks for C&DW 

assessment, its linear evaluation structure does not 

simultaneously visualize importance-performance gaps or 

provide explicit resource allocation guidance. The quadrant-

based extension addresses these limitations while maintaining 

WMPET's validated indicator foundation, adapting it to 

Greater Malang's specific developmental context. 

In Greater Malang, East Java Province, the construction 

industry demonstrates robust growth aligned with regional 

economic expansion. Official statistics indicate that Malang 

City's economy grew 5.92% in 2025, reaching Gross Regional 

Domestic Product (GRDP) of Rp 108.15 trillion, with the 

construction sector contributing 12.56% (approximately Rp 

13.6 trillion) to total economic output [32]. This positions 

construction as the third-largest economic sector after trade 

(28.50%) and manufacturing (27.65%). Furthermore, Gross 

Fixed Capital Formation (GFCF), a key indicator of 

infrastructure investment, grew 7.23% in 2025, signaling 

continued construction activity expansion [32]. The 

Construction Cost Index (IKK) for Greater Malang showed a 

declining trend from 102.75 (2023) to 97.61 (2025) for Malang 

City, reflecting reduced cost pressures that may further 

stimulate construction demand [33]. However, this rapid 

growth intensifies environmental pressures, particularly 

regarding C&DW management. The substantial construction 

sector contribution to regional GDP (Rp 13.6 trillion annually) 

translates to significant material throughput and waste 

generation volumes, making effective C&DW management 

increasingly critical for sustainable urban development. 

Although regulations and guidelines governing C&DW 

management exist [34], the assessment of their 

implementation still presents distinct challenges. The 

management of C&DW in Greater Malang has thus emerged 

as an urgent policy priority requiring systematic assessment 

approaches capable of diagnosing performance gaps and 

guiding strategic interventions. This context provides an 

appropriate empirical setting for framework development and 

pilot application, as Greater Malang represents characteristics 

common to rapidly urbanizing cities in Southeast Asia and 

other developing regions: high construction activity driven by 

economic growth, emerging environmental awareness, 

transitional regulatory frameworks, and predominance of 

SME contractors with limited technical capacity. 

Construction contractors play a critical role in 

implementing sustainable C&DW management practices. 

Therefore, evaluating their EP in C&DW practices becomes a 

relevant and necessary area of investigation. This study aims 

to achieve two primary objectives: (1) to develop and conduct 

a preliminary pilot application of a quadrant-based 

performance framework in Greater Malang contractors as an 

exploratory study, extending existing evaluation 

methodologies by integrating IW, IM, MT, and MN with dual-

axis IPA for comprehensive C&DW management assessment; 

and (2) to apply this framework to identify observed 

performance patterns, priority intervention areas, and strategic 

recommendations for contractors in Greater Malang. It is 
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explicitly acknowledged that this is a small-scale pilot study 

with 30 respondents from three companies, and findings 

should be interpreted as exploratory observations pertaining to 

this specific sample rather than as validated conclusions 

generalizable to the broader Indonesian construction industry. 

The findings are expected to contribute both methodologically 

through the introduction of an integrated, visually intuitive 

assessment framework building on established tools [30, 31] 

and practically by providing preliminary evidence-based 

guidance for contractors and policymakers in rapidly 

urbanizing developing economy contexts. Ultimately, this 

research supports the development of more effective policies 

aimed at maintaining a clean and healthy environment and 

promoting sustainable development practices in the 

construction sector. This pilot study provides a preliminary 

proof-of-concept; full framework verification would require 

expanded samples, cross-regional replication, structural 

validity testing, and longitudinal assessment directions 

identified as necessary for future research building on this 

initial application.  

2. MATERIALS AND METHODS

2.1 Research design and approach 

This study adopts a descriptive analytical research design 

combining framework development with exploratory pilot 

application. The descriptive component illustrates the current 

state of EP assessment in C&DW among construction 

contractors in Greater Malang, while the analytical component 

employs the quadrant-based framework to identify observed 

performance patterns, gaps, and prioritization strategies within 

this specific sample. This dual approach enables both 

diagnostic assessment and strategic recommendation 

formulation, addressing the practitioner-oriented objectives 

emphasized in recent C&DW literature [17, 18, 35]. 

The quantitative methodology was selected for its capacity 

to systematically measure, compare, and visualize 

performance across multiple dimensions and multiple 

contractors, thereby enabling pattern identification within the 

study context. This approach aligns with contemporary trends 

in C&DW management research that emphasize data-driven 

decision-making and evidence-based policy formulation [16, 

22]. 

2.2 The quadrant-based performance framework: An 

integrated extension of Waste Management Performance 

Evaluation Tool 

The framework developed in this study represents an 

integrative extension of the WMPET [30], incorporating dual-

axis IPA and Cartesian quadrant visualization to enhance 

diagnostic capability and strategic guidance. While 

maintaining WMPET's validated four-dimensional structure 

and indicator foundation, adapted to Indonesian contexts [31], 

this framework introduces three methodological 

enhancements: (1) simultaneous importance-performance 

measurement enabling gap identification, (2) visual quadrant 

classification providing intuitive strategic interpretation, and 

(3) cross-dimensional comparative analysis revealing

observable patterns. This extension addresses practitioner

needs for actionable prioritization tools while building on

established theoretical and empirical foundations. It is

explicitly noted that the four-dimensional structure (IW, IM, 

MT, and MN) and the 19-indicator assignment are adopted 

from WMPET [30] and its Indonesian adaptation [31] and are 

not independently validated in the Greater Malang context 

through Exploratory Factor Analysis (EFA), Confirmatory 

Factor Analysis (CFA), or expert Delphi procedures. The 

dimensional structure is therefore assumed based on prior 

literature rather than empirically verified for this study's 

specific setting. 

2.2.1 Four-dimensional structure 

The framework evaluates C&DW performance across four 

interconnected dimensions, each addressing distinct yet 

complementary aspects of waste management 

implementation. These dimensions were adopted from the 

validated WMPET framework [30] and its Indonesian 

adaptation [31], with indicator wording adjusted for the 

Greater Malang context through expert consultation. The 

assignment of indicators to dimensions follows the original 

WMPET classification and has not been independently tested 

through factor analysis in the current study. 

IW: This dimension encompasses human capital elements 

including contractor commitment to waste management, 

availability of specialized waste management personnel, 

organizational structure supporting environmental initiatives, 

technical competency in waste handling, knowledge about 

regulatory frameworks, and worker awareness regarding 

waste prevention practices. The IW recognizes that effective 

C&DW management fundamentally depends on human 

capabilities and institutional support systems that enable 

consistent implementation of environmental practices [36]. 

IM: This dimension addresses material selection, 

procurement planning, and material lifecycle management 

throughout construction processes. Key aspects include 

commitment to using recycled or reclaimed materials, 

prevention of material over-ordering through accurate quantity 

planning, systematic rework reduction to minimize waste from 

construction errors, and efficient material storage preventing 

damage-induced waste. The IM reflects circular economy 

principles emphasizing resource optimization and waste 

hierarchy implementation [37]. 

MT: This dimension evaluates operational procedures and 

technical approaches for waste minimization. Elements 

include waste separation practices at source, strategic planning 

for waste storage infrastructure from early project stages, 

systematic construction design optimization to reduce waste 

generation, timely reminders and monitoring of worker waste 

prevention behaviors, and regular evaluation of waste 

management performance. The MT emphasizes lean 

construction principles and systematic process management 

[38]. 

MN: This dimension encompasses governance structures, 

regulatory compliance, and administrative systems. Critical 

components include existence and enforcement of waste 

management policies and standard operating procedures, 

integration of environmental clauses in construction contracts, 

systematic monitoring and reporting of waste management 

activities, and efficiency of waste collection and transportation 

logistics. The MN reflects TQM principles and institutional 

theory recognizing that formal governance frameworks shape 

organizational environmental behavior [39, 40]. 

These four dimensions were adopted from established 

literature [30, 31] and adapted to the developing economy 

context. As noted above, the dimensional classification was 
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not independently validated in the Greater Malang context, 

and this represents a limitation of the current pilot study. Table 

1 presents the theoretical foundations mapping each dimension 

to its primary theoretical basis and core mechanism. 

Table 1. Theoretical foundations of framework dimensions 

Dimension 

Primary 

Theoretical 

Basis 

Core Mechanism 
Supporting 

Literatures 

Workforce 

(IW) 

Human 

Capital 

Theory + 

Capability 

Approach 

Workforce 

competency and 

enabling 

institutional 

environments 

jointly determine 

environmental 

behavior 

outcomes. 

Individual skills 

require 

organizational 

support systems 

to translate into 

consistent waste 

prevention 

actions. 

[36, 39, 40] 

Material 

(IM) 

Circular 

Economy 

Principles + 

Resource-

Based View 

Material 

optimization as 

strategic resource 

management. 

Shifting from 

linear "take-

make-dispose" to 

circular "reduce-

reuse-recycle" 

models requires 

both contractor 

practices and 

ecosystem 

infrastructure. 

[37, 38] 

Method 

(MT) 

Lean 

Construction 

+ Waste

Hierarchy

Framework

Operational 

efficiency through 

systematic waste 

minimization 

procedures. 

Upstream 

intervention 

(prevention and 

planning) more 

effective than 

downstream 

correction 

(disposal). 

[38] 

Management 

(MN) 

Total 

Quality 

Management 

(TQM) + 

Institutional 

Theory 

Environmental 

performance (EP) 

requires 

systematic 

governance 

frameworks 

(policies, 

contracts, 

procedures) rather 

than ad-hoc 

practices. Formal 

institutions shape 

organizational 

behavior. 

[39, 40] 

Unified Framework Logic: The quadrant-based framework 

integrates these theoretical perspectives through importance-

performance gap analysis. Gaps between perceived 

importance (normative recognition, reflecting theory 

acceptance) and actual performance (practical 

implementation, reflecting resource and capacity constraints) 

reveal where theoretical principles may not be translating into 

practice within the observed sample the critical bottleneck for 

environmental improvement in resource-constrained contexts. 

2.2.2 Two-axis evaluation system 

The framework employs a dual-axis measurement approach 

distinguishing between perceived importance and actual 

implementation performance for each indicator. This 

differentiation addresses a fundamental limitation in existing 

C&DW assessment tools that typically measure only one 

dimension (usually performance alone), thereby failing to 

identify priority gaps where high importance does not translate 

into proportionate implementation [18, 23]. 

The Importance Axis (X-axis) measures stakeholder 

perceptions regarding the significance of each indicator for 

effective C&DW management. Respondents rate importance 

on a five-point Likert scale ranging from 1 (not important at 

all) to 5 (extremely important). This measurement captures 

normative recognition and theoretical acceptance of C&DW 

management principles, reflecting what contractors believe 

should be prioritized based on their understanding of 

environmental requirements, regulatory expectations, and 

industry best practices. 

The Performance Axis (Y-axis) measures actual 

implementation levels for each indicator in current contractor 

operations. Respondents rate performance on a five-point 

Likert scale ranging from 1 (not implemented at all) to 5 (fully 

implemented). This measurement captures practical reality 

and resource-constrained implementation, reflecting what 

contractors actually do given their financial capacity, technical 

capabilities, institutional support, and operational constraints. 

The simultaneous measurement of both dimensions enables 

gap analysis identifying discrepancies between what 

contractors recognize as important and what they successfully 

implement. This gap-focused approach provides more 

actionable insights than single-dimension assessment by 

explicitly highlighting where capacity building, resource 

allocation, or institutional support is most urgently needed [41, 

42]. 

2.2.3 Quadrant classification system 

The framework employs Cartesian diagram analysis to 

classify indicators into four strategic quadrants based on their 

positioning relative to mean importance and mean 

performance scores across all respondents. The quadrant 

boundaries are established using grand mean values: the X-

axis threshold represents the average importance score across 

all indicators, and the Y-axis threshold represents the average 

performance score across all indicators. This approach ensures 

that quadrant classification reflects relative positioning within 

the study sample, identifying which indicators are above or 

below average on each dimension. 

Quadrant I (Concentrate Here): High importance, low 

performance. Indicators in this quadrant represent priority 

intervention areas requiring immediate attention and resource 

allocation. These indicators are widely recognized as 

important for effective C&DW management but suffer from 

significant implementation gaps, indicating barriers related to 

capacity, resources, or institutional support. Strategic 
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response: Prioritize investments in capacity building, provide 

targeted technical assistance, strengthen institutional 

frameworks, and allocate resources to close implementation 

gaps. 

Quadrant II (Keep Up the Good Work): High importance, 

high performance. Indicators in this quadrant represent 

strengths where contractors demonstrate both recognition of 

importance and successful implementation. These areas 

should be maintained and potentially leveraged as models for 

addressing Quadrant I deficiencies. Strategic response: 

Maintain current performance levels, document best practices 

for knowledge transfer, and ensure continued resource 

allocation to sustain these achievements. 

Quadrant III (Low Priority): Low importance, low 

performance. Indicators in this quadrant are perceived as less 

critical and are not extensively implemented. These areas 

require monitoring but do not demand immediate intervention 

unless reassessment reveals their importance has been 

underestimated. Strategic response: Monitor for changing 

conditions, educate stakeholders if importance has been 

undervalued, and defer major investments until higher-priority 

areas are addressed. 

Quadrant IV (Possible Overkill): Low importance, high 

performance. Indicators in this quadrant may represent areas 

where implementation exceeds perceived importance, 

potentially indicating resource misallocation or unrecognized 

value. These areas warrant investigation to determine whether 

importance has been underestimated or whether resources 

could be reallocated to higher-priority quadrants. Strategic 

response: Investigate reasons for high implementation despite 

low perceived importance, assess whether importance 

perceptions require updating, and consider resource 

reallocation to Quadrant I priorities if confirmed as less 

critical. 

This quadrant-based classification provides visual, intuitive 

strategic guidance enabling contractors and policymakers to 

rapidly identify where interventions are most needed and how 

to allocate limited resources for maximum EP improvement 

[41, 42]. 

2.3 Population and sampling strategy 

The research population consists of construction contractor 

companies operating in Greater Malang area, defined as the 

metropolitan region encompassing Malang City, Malang 

Regency, and Batu City. This geographic scope was selected 

based on its concentration of construction activity, economic 

significance within East Java Province, and representativeness 

of mid-tier Indonesian urban centers experiencing rapid 

infrastructure development. 

Greater Malang's selection as the study site is empirically 

justified by its economic and construction activity profile. 

With construction contributing 12.56% to regional GDP (Rp 

13.6 trillion in 2025) and GFCF growing 7.23% [32], the 

region exhibits construction intensity comparable to other 

rapidly urbanizing Indonesian cities. The declining 

Construction Cost Index (from 102.75 in 2023 to 97.61 in 

2025) indicates improving cost competitiveness, likely 

stimulating further construction demand and consequently 

amplifying C&DW management challenges [33]. This 

economic context positions Greater Malang as a relevant 

empirical setting for this pilot study; however, it does not in 

itself justify generalization of findings beyond the specific 

contractors studied. 

The sampling approach employed purposive sampling with 

specific inclusion criteria designed to ensure respondent 

relevance and data quality. Selection criteria included: (1) 

companies holding active construction business licenses 

(IUJK) from relevant municipal authorities, (2) involvement 

in building construction projects (residential, commercial, or 

public infrastructure), (3) project values exceeding IDR 500 

million to ensure substantive C&DW generation, and (4) 

operational history of at least three years to ensure sufficient 

experience with C&DW management challenges and 

practices. These criteria enabled selection of contractors with 

adequate scale and experience to provide informed 

assessments of both importance and performance dimensions. 

Based on these criteria, three construction companies were 

selected: CV. Azka Bangun Karya, CV. Dzakwan Ikhsan, and 

PT. Mulia Surya Mahameru. These companies represent 

diverse project portfolios including residential housing 

developments, commercial buildings, and public 

infrastructure, thereby capturing variation in C&DW 

management contexts and challenges across different 

construction typologies. 

A total of 30 respondents from these companies participated 

in the study. Respondent selection within each company 

targeted individuals with direct involvement in or oversight of 

construction operations and waste management activities. 

Respondent categories included project managers (responsible 

for overall project execution and resource allocation), site 

supervisors (managing daily construction activities and 

worker coordination), environmental officers (where 

designated positions existed), and senior technical staff with 

substantial field experience. This multi-level sampling 

approach ensured representation of both managerial 

perspectives (importance perceptions informed by strategic 

considerations and regulatory awareness) and operational 

perspectives (performance assessments grounded in daily 

implementation realities). 

The distribution of respondents across companies was: CV. 

Azka Bangun Karya (10 respondents), CV. Dzakwan Ikhsan 

(10 respondents), and PT. Mulia Surya Mahameru (10 

respondents), ensuring balanced representation across the 

study sample. The sample size (n = 30) and geographic 

concentration (three companies in one metropolitan region) 

are appropriate for a small-scale pilot application of a newly 

developed framework, enabling in-depth diagnostic insights 

and methodological refinement [43]; however, they do not 

support statistical generalization to the broader Indonesian 

construction industry or to other regions. Findings should be 

interpreted as exploratory observations within this specific 

sample, and all recommendations are offered as preliminary 

insights requiring validation through expanded research. 

The timing of data collection (August to October 2024) 

coincided with a period of sustained construction activity in 

Greater Malang. Official data indicates that the construction 

sector maintained stable contribution levels (12.56% of GDP 

in 2025, compared to estimated 11.8% in 2024) [32], 

suggesting that respondent experiences reflect typical 

operational conditions rather than anomalous peaks or troughs. 

This temporal representativeness strengthens the reliability of 

performance assessments captured in the framework. 

2.4 Research instruments and variables 

Data collection employed a structured questionnaire 

instrument designed to capture dual-axis measurements across 
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the four-dimensional framework. The questionnaire 

comprised 19 indicator items distributed across the four 

dimensions: IW (6 indicators), IM (4 indicators), MT (5 

indicators), and MN (4 indicators). Each indicator was 

presented as a paired question set measuring both importance 

and performance on five-point Likert scales (Table 2). 

Table 2. Research variables and measurement indicators 

Dimension Code Indicator Operational Definition Scale 

Workforce 

(IW) 

IW1 
Contractor commitment to 

waste management 

Demonstrated organizational commitment through policy statements, 

resource allocation, and leadership support for waste management 

initiatives 

1-5

Likert

IW2 
Availability of waste 

management personnel 

Presence of dedicated personnel or designated responsibilities for waste 

management coordination and implementation 

1-5

Likert

IW3 
Organizational structure for 

waste management 

Formal organizational arrangements including designated roles, reporting 

lines, and accountability mechanisms for waste management 

1-5

Likert

IW4 
Technical competency in 

waste handling 

Worker and supervisor skills in proper waste segregation, handling, and 

storage techniques 

1-5

Likert

IW5 
Knowledge of waste 

management regulations 

Awareness and understanding of applicable laws, regulations, and permit 

requirements governing C&DW management 

1-5

Likert

IW6 
Worker awareness of waste 

prevention 

General workforce knowledge and attitudes regarding waste 

minimization, reuse opportunities, and environmental impacts 

1-5

Likert

Material 

(IM) 

IM1 
Commitment to using 

recycled materials 

Organizational policy and practice regarding procurement and utilization 

of recycled or reclaimed construction materials 

1-5

Likert

IM2 
Use of recycled/reclaimed 

materials 

Actual implementation frequency and proportion of recycled materials in 

construction projects 

1-5

Likert

IM3 
Prevention of material over-

ordering 

Accuracy of material quantity planning and procurement processes to 

minimize excess materials becoming waste 

1-5

Likert

IM4 
Reduction of rework and 

errors 

Quality control measures and construction accuracy to minimize waste 

from defects, errors, and required rework 

1-5

Likert

Method 

(MT) 

MT1 Waste separation at source 
Systematic segregation of waste streams (wood, metal, concrete, etc.) at 

point of generation during construction 

1-5

Likert

MT2 
Worker reminders for waste 

prevention 

Regular communication, signage, and supervision reinforcing waste 

minimization behaviors 

1-5

Likert

MT3 
Construction design 

optimization 

Design decisions explicitly considering waste minimization through 

material efficiency and constructability 

1-5

Likert

MT4 
Performance evaluation of 

waste management 

Systematic monitoring, measurement, and review of waste management 

outcomes and continuous improvement 

1-5

Likert

MT5 
Waste storage infrastructure 

planning 

Allocation of space and facilities for waste segregation, temporary 

storage, and collection from project planning stage 

1-5

Likert

Management 

(MN) 

MN1 
Waste management policies 

and SOPs 

Existence and enforcement of written policies, procedures, and standard 

operating procedures for waste management 

1-5

Likert

MN2 
Environmental clauses in 

contracts 

Integration of waste management requirements and responsibilities into 

construction contracts and subcontractor agreements 

1-5

Likert

MN3 
Monitoring and reporting 

systems 

Systematic documentation, reporting, and tracking of waste generation, 

segregation, and disposal activities 

1-5

Likert

MN4 Waste collection efficiency 
Timeliness, frequency, and reliability of waste removal from construction 

sites to designated facilities 

1-5

Likert

The questionnaire was developed through a multi-stage 

process: (1) initial indicator identification based on literature 

review of existing C&DW frameworks [30, 31], (2) adaptation 

to Indonesian construction context through expert consultation 

with academic researchers and experienced practitioners, (3) 

pilot testing with 5 construction professionals to assess clarity 

and comprehension, and (4) refinement of wording and 

formatting based on pilot feedback. This development process 

ensured content validity (indicators comprehensively 

represent C&DW management domains) and face validity 

(indicators are clearly understood by target respondents). 

Structural validity that is, whether the 19 indicators 

empirically cluster into the four proposed dimensions in this 

specific context was not assessed and remains a priority for 

future research. 

2.5 Data collection procedures 

Data collection followed a structured protocol designed to 

ensure response quality and ethical compliance. The procedure 

involved the following sequential steps: 

Step 1: Formal authorization. Official permission was 

secured from each participating company through written 

communication explaining research objectives, anticipated 

time commitment, data confidentiality measures, and intended 

use of findings. Company management provided formal 

consent before any contact with individual respondents. 

Step 2: Respondent briefing. Prior to questionnaire 

administration, respondents received a standardized briefing 

explaining the research purpose, the dual-axis measurement 

approach (importance vs. performance), definitions of key 

terms, and instructions for completing the Likert scale 

assessments. This briefing ensured shared understanding of 

what was being measured and how to interpret scale anchor 

points. 

Step 3: Questionnaire administration. Questionnaires were 

administered through in-person individual sessions allowing 

respondents to seek clarification if needed while maintaining 

independent judgment. The researcher remained available to 

answer procedural questions but avoided influencing 

substantive responses. Completion time averaged 20 to 25 

minutes per respondent. 
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Step 4: Immediate review. Upon questionnaire submission, 

the researcher conducted immediate review for completeness, 

checking that all items received responses and that response 

patterns appeared internally consistent (e.g., not all responses 

identical). If missing data or apparent confusion was 

identified, respondents were asked to review and clarify while 

still present. 

Step 5: Data entry and verification. Responses were 

manually entered into spreadsheet format within 24 hours of 

collection. Data entry accuracy was verified through double-

entry cross-checking, where 30% of questionnaires were re-

entered independently and compared to identify transcription 

errors. 

Data collection spanned three months (August to October 

2024), allowing scheduling flexibility to accommodate 

respondent availability while maintaining temporal proximity 

to ensure consistency of contextual conditions across the 

sample. All respondents participated voluntarily and were 

assured of anonymity in data reporting and analysis. No 

individual-level data is presented in the results, only 

aggregated statistics. 

2.6 Data analysis techniques 

2.6.1 Descriptive statistical analysis 

Descriptive statistics were calculated for both importance 

and performance measures across all 19 indicators. Analysis 

included measures of central tendency (mean scores), 

dispersion (standard deviations (SD)), and frequency 

distributions. Mean importance scores (X̄ᵢ) and mean 

performance scores (Ȳᵢ) were computed for each indicator 

based on responses from all 30 participants. These individual 

indicator means served as coordinate pairs for quadrant 

positioning in subsequent Cartesian analysis. 

Additionally, grand mean values were calculated across all 

indicators to establish quadrant boundaries. The overall mean 

importance score (X̄) represents the average of all importance 

ratings across all indicators and all respondents, while the 

overall mean performance score (Ȳ) represents the average of 

all performance ratings across all indicators and all 

respondents. These grand means function as reference lines 

dividing the Cartesian space into four quadrants. 

2.6.2 Cartesian quadrant analysis 

The core analytical technique employed Cartesian diagram 

plotting to visually represent the relationship between 

importance and performance for each indicator. Each indicator 

was plotted as a single point using its mean importance score 

as the X coordinate and its mean performance score as the Y 

coordinate. The resulting scatter plot was divided into four 

quadrants using the grand mean values as dividing lines, with 

X̄ serving as the vertical divider and Ȳ serving as the 

horizontal divider. 

Quadrant assignment followed these decision rules: 

•Quadrant I: X̄ᵢ ≥ X̄ and Ȳᵢ < Ȳ (high importance, low 

performance) 

•Quadrant II: X̄ᵢ ≥ X̄ and Ȳᵢ ≥ Ȳ (high importance, high 

performance) 

•Quadrant III: X̄ᵢ < X̄ and Ȳᵢ < Ȳ (low importance, low 

performance) 

•Quadrant IV: X̄ᵢ < X̄ and Ȳᵢ ≥ Ȳ (low importance, high 

performance) 

Separate Cartesian diagrams were generated for each of the 

four dimensions (IW, IM, MT, and MN) to enable within-

dimension analysis, as well as a composite diagram 

incorporating all 19 indicators to enable cross-dimensional 

pattern identification. This multi-level visualization approach 

allows examination of performance patterns both within 

specific domains and across the entire framework [41, 42]. 

2.6.3 Sensitivity analysis for quadrant classification 

To assess the robustness of quadrant classifications and 

address potential sensitivity to sample-specific variations, 

sensitivity analysis was conducted comparing three alternative 

baseline approaches: 

•Method 1 (Grand Mean, Primary): X-axis threshold equals

mean of all importance scores (X̄ = 4.23); Y-axis threshold 

equals mean of all performance scores (Ȳ = 4.05). This 

approach reflects actual respondent perceptions within the 

study sample. 

•Method 2 (Scale Midpoint, Theoretical): X-axis and Y-axis

thresholds both equal 3.0 (midpoint of 1 to 5 Likert scale). This 

approach uses theoretical scale center independent of sample 

data. 

•Method 3 (Bootstrapped Cutoffs, Statistical): 1000

bootstrap resamples generated 95% confidence intervals for X̄ 

and Ȳ. Median bootstrap values used as alternative baselines 

(X̄ bootstrap = 4.21, 95% CI: 4.15 to 4.28; Ȳ bootstrap = 4.03, 

95% CI: 3.96 to 4.11). 

Classification stability was assessed by calculating the 

proportion of indicators maintaining the same quadrant 

position across all three methods. Indicators with consistent 

classification (same quadrant in at least 2 of 3 methods) were 

considered robust; those with inconsistent classification were 

flagged for interpretive caution. 

2.6.4 Analytical software 

Data processing and visualization were conducted using 

Microsoft Excel 2021 for Windows. Descriptive statistics 

were calculated using Excel's built-in statistical functions 

(AVERAGE, STDEV, COUNT). Cartesian quadrant were 

generated using Excel's scatter plot functionality with custom 

formatting to display quadrant dividing lines, axis labels, and 

data point labels corresponding to indicator codes. Bootstrap 

analysis for sensitivity testing was conducted using Excel's 

random number generation and iterative calculation features. 

This software selection ensures accessibility and replicability 

for practitioners in resource-constrained contexts who may not 

have access to specialized statistical software packages. 

2.7 Study scope and limitations 

This study represents a small-scale pilot application of the 

quadrant-based framework, designed to demonstrate proof-of-

concept and generate preliminary exploratory insights rather 

than to validate the framework or produce generalizable 

findings. The sample size (n = 30) and geographic scope (three 

contractors in Greater Malang) limit findings entirely to the 

specific sample studied and do not support generalization to 

the broader Indonesian construction industry or international 

contexts. This exploratory approach is appropriate for the 

framework development stage, where in-depth diagnostic 

insights from purposively selected cases provide foundational 

understanding and enable methodological refinement [43]. 

However, findings must be interpreted with caution as 

preliminary observations from a non-representative sample. 

Full framework verification which is beyond the scope of 

this pilot study would require: (1) expanded sample size across 
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multiple cities and contractor types (minimum n = 100 to 150), 

(2) cross-regional replication studies testing framework

stability across different regulatory and market contexts, (3)

structural validity testing through CFA empirically validating

the four-dimensional indicator structure in target contexts, and

(4) longitudinal assessment tracking performance changes

over time. The current pilot study establishes the framework's

feasibility and potential diagnostic utility, creating the

foundation for subsequent large-scale validation efforts.

A particularly important limitation concerns the four-

dimensional structure of the framework. This study adopted 

indicators from the validated WMPET framework [30, 31], 

assuming structural validity based on prior validation. The 

four-dimensional classification (IW, IM, MT, and MN) was 

not independently verified in the Greater Malang context 

through any empirical procedure including expert Delphi, 

EFA, or CFA. The dimensional structure is therefore assumed 

from prior literature, not tested in this study. This means the 

assignment of individual indicators to dimensions may or may 

not reflect the underlying factor structure in the Greater 

Malang construction context, and conclusions about 

dimension-level patterns must be interpreted accordingly. 

While indicators show strong face validity and theoretical 

coherence, future research should conduct CFA with larger 

samples (n > 150) to empirically verify dimensional structure. 

Some indicators (e.g., IW1 commitment, MN4 collection 

period) may exhibit interpretation variability across 

respondent roles (managers vs. field workers), potentially 

affecting performance assessments. Structural validation 

represents a critical next step for framework refinement. 

3. RESULTS

3.1 Descriptive statistics of the workforce variable 

The IW encompasses six indicators measuring human 

capital and institutional capacity aspects of C&DW 

management. Table 3 presents descriptive statistics for both 

importance and performance assessments across all workforce 

indicators. 

The IW demonstrates the highest average importance score 

(4.28) among all four dimensions, indicating strong 

recognition within this sample of human capital's centrality to 

effective C&DW management. All six indicators achieved 

importance ratings above 4.0, with organizational structure for 

waste management (IW3) rated highest (4.40) and availability 

of waste management personnel (IW2) rated lowest (4.17), 

though still reflecting strong perceived importance. 

Table 3. Descriptive statistics for workforce dimension (IW) indicators 

Code Indicator 
Importance Performance Gap 

Mean SD Rank Mean SD Rank (I-P) 

IW1 Contractor commitment to waste management 4.27 0.52 3 4.20 0.48 1 0.07 

IW2 Availability of waste management personnel 4.17 0.59 5 4.13 0.57 2 0.04 

IW3 Organizational structure for waste management 4.40 0.50 1 3.68 0.69 6 0.72 

IW4 Technical competency in waste handling 4.20 0.55 4 4.10 0.61 3 0.10 

IW5 Knowledge of waste management regulations 4.37 0.49 2 4.07 0.64 4 0.30 

IW6 Worker awareness of waste prevention 4.30 0.53 3 3.92 0.71 5 0.38 

Dimension Average 4.28 0.53 4.02 0.62 0.27 
Source: Primary data (2024). 

Note: SD = Standard Deviation; Gap = Importance mean minus Performance mean; n = 30. 

Performance scores reveal greater variability, with a 

dimension average of 4.02. Contractor commitment (IW1) 

achieved the highest performance score (4.20), suggesting that 

senior management in these three companies demonstrates 

visible support for waste management initiatives. However, 

organizational structure (IW3) exhibited the largest 

importance-performance gap (0.72), indicating that among 

respondents in this sample, while contractors recognize the 

need for formal organizational arrangements, actual 

implementation of dedicated structures, clear role 

assignments, and accountability mechanisms appears 

deficient. Worker awareness of waste prevention (IW6) also 

shows substantial gap (0.38), suggesting that frontline 

workforce understanding lags behind managerial recognition 

of its importance in the companies surveyed. 

Figure 1 presents the Cartesian diagram for IW indicators, 

visualizing the relationship between importance and 

performance using grand mean values as quadrant dividers (X̄ 

= 4.28; Ȳ = 4.02). 

The quadrant classification reveals that two indicators 

occupy Quadrant I (high importance, low performance), 

requiring prioritized attention: organizational structure for 

waste management (IW3) and worker awareness of waste 

prevention (IW6). These represent observed gaps where 

recognized importance does not appear to translate into 

adequate implementation in this sample. Two indicators 

occupy Quadrant II (high importance, high performance): 

contractor commitment (IW1) and knowledge of regulations 

(IW5), representing strengths to maintain. Two indicators 

occupy Quadrant IV (low relative importance, high 

performance): availability of personnel (IW2) and technical 

competency (IW4), suggesting adequate implementation 

despite slightly lower perceived importance relative to other 

workforce factors. 

Figure 1. Cartesian diagram for workforce 
Source: Primary data (2024). 
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3.2 Descriptive statistics of the material dimension 

The IM comprises four indicators measuring material 

selection, procurement planning, and lifecycle management 

practices. Table 4 presents descriptive statistics for IM 

indicators. 

The IM exhibits the smallest importance-performance gap 

among all dimensions (mean gap of −0.02), indicating 

relatively balanced recognition and implementation among the 

sampled contractors. Use of recycled/reclaimed materials 

(IM2) achieved the highest importance rating (4.27), reflecting 

awareness of circular economy principles among respondents. 

However, its performance score (4.08) reveals a gap that may 

reflect implementation challenges, potentially stemming from 

limited availability of quality recycled materials, higher costs, 

or concerns about material reliability and building code 

compliance. 

Notably, reduction of rework and errors (IM4) demonstrates 

an inverse relationship with a negative gap (importance 4.10, 

performance 4.68), suggesting that contractors in this sample 

have achieved strong implementation in quality control and 

error prevention, possibly driven by cost savings motivations 

beyond waste management objectives. Whether this reflects a 

business case motivation is a possible interpretation, but 

cannot be confirmed from the current data. 

Prevention of material over-ordering (IM3) shows a 

moderate gap (0.24), indicating that while contractors 

recognize the importance of accurate quantity planning, 

procurement practices appear to still generate excess materials 

in the observed companies. This may reflect risk-averse 

procurement strategies where over-ordering provides buffers 

against supply disruptions or inaccurate quantity estimates, but 

results in surplus materials that become waste. 

Quadrant classification identifies two priority intervention 

indicators in Quadrant I: use of recycled materials (IM2) and 

prevention of material over-ordering (IM3) (Figure 2). One 

indicator in Quadrant II represents maintained strength: 

commitment to using recycled materials (IM1). One indicator 

in Quadrant IV suggests possible resource reallocation 

opportunity: rework reduction (IM4), where high 

implementation already exists despite slightly lower relative 

perceived importance. 

Table 4. Descriptive statistics for material dimension (IM) indicators 

Code Indicator 
Importance Performance Gap 

Mean SD Rank Mean SD Rank (I-P) 

IM1 Commitment to using recycled materials 4.23 0.57 2 4.17 0.59 2 0.06 

IM2 Use of recycled/reclaimed materials 4.27 0.58 1 4.08 0.65 3 0.19 

IM3 Prevention of material over-ordering 4.20 0.61 3 3.96 0.67 4 0.24 

IM4 Reduction of rework and errors 4.10 0.66 4 4.68 0.48 1 -0.58

Dimension Average 4.20 0.61 4.22 0.60 -0.02
Source: Primary data (2024). 

Note: SD = Standard Deviation; Gap = Importance mean minus Performance mean; n = 30. 

Figure 2. Importance-Performance Analysis (IPA) for material dimension (IM) 
Source: Primary data (2024). 

3.3 Descriptive statistics of the method variable 

The descriptive statistics for the method variable, including 

the mean and SD, are presented in Table 5. 

The MT demonstrates moderate importance recognition 

(average 4.23) with moderate implementation levels (average 

4.05) among respondents. Waste separation at source (MT1) 

achieved the highest importance rating (4.33), reflecting 

widespread recognition among the sampled respondents that 

segregating waste streams at point of generation is 

fundamental to enabling recycling and proper disposal. 

However, its performance score (4.03) indicates a gap that 

may be related to implementation challenges, possibly related 

to limited space for multiple waste containers on construction 

sites, insufficient worker training in segregation protocols, or 

lack of differentiated downstream waste processing 

infrastructure that would reward separation efforts. 
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Table 5. Descriptive statistics for method dimension (MT) indicators 

Code Indicator 
Importance Performance Gap 

Mean SD Rank Mean SD Rank (I-P) 

MT1 Waste separation at source 4.33 0.55 1 4.03 0.67 3 0.30 

MT2 Worker reminders for waste prevention 4.17 0.59 4 4.12 0.62 1 0.05 

MT3 Construction design optimization 4.27 0.58 2 4.00 0.69 4 0.27 

MT4 Performance evaluation of waste management 4.13 0.63 5 4.10 0.66 2 0.03 

MT5 Waste storage infrastructure planning 4.23 0.57 3 4.00 0.64 4 0.23 

Dimension Average 4.23 0.58 4.05 0.66 0.18 
Source: Primary data (2024). 

Note: SD = Standard Deviation; Gap = Importance mean minus Performance mean; n = 30. 

Construction design optimization (MT3) and waste storage 

infrastructure planning (MT5) both show substantial gaps 

(0.27 and 0.23 respectively), indicating that upstream planning 

interventions receive strong conceptual support among 

respondents but appear to face implementation barriers in the 

sampled companies. Design optimization may require early-

stage collaboration between architects, engineers, and 

contractors that may not occur in fragmented project delivery 

systems. Storage infrastructure planning may require 

dedicating valuable site space to waste management facilities, 

often deprioritized in favor of material storage or equipment 

placement. 

Figure 3. Importance-Performance Analysis (IPA) for 

method dimension (MT) 
Source: Primary data (2024). 

Worker reminders (MT2) and performance evaluation 

(MT4) demonstrate smaller gaps, suggesting relatively 

successful implementation of ongoing management and 

monitoring activities within this sample. 

Quadrant classification reveals three indicators in Quadrant 

I requiring prioritized intervention based on this sample's data: 

waste separation at source (MT1), construction design 

optimization (MT3), and waste storage infrastructure planning 

(MT5) (Figure 3). These represent recognized best practices 

that the sampled contractors appear to struggle to implement 

effectively. Two indicators occupy Quadrant IV: worker 

reminders (MT2) and performance evaluation (MT4), 

suggesting adequate implementation relative to their perceived 

importance. No indicators occupy Quadrants II or III in the 

MT. 

3.4 Descriptive statistics of the management dimension 

The MN comprises four indicators assessing governance 

structures, regulatory compliance, and administrative systems. 

Table 6 presents descriptive statistics for MN indicators. 

The MN exhibits the largest average importance-

performance gap (0.51) among all four dimensions in this 

sample, indicating substantial observed deficiencies in 

governance and administrative systems despite strong 

recognition of their importance. Three indicators demonstrate 

particularly large gaps: monitoring and reporting systems 

(MN3, gap 0.79), environmental clauses in contracts (MN2, 

gap 0.66), and waste management policies and SOPs (MN1, 

gap 0.65). 

These findings suggest, within this specific sample, that 

there may be underinvestment in formal governance 

mechanisms. The relatively low performance scores for 

written policies and standard operating procedures (MN1, 

3.72) suggest possible reliance on informal, ad-hoc waste 

management approaches rather than institutionalized systems 

in these companies. Limited integration of environmental 

requirements into construction contracts (MN2, performance 

3.64) may indicate that waste management responsibilities are 

not clearly defined or enforced through contractual 

mechanisms. The lowest performance score across all 19 

indicators is observed for monitoring and reporting systems 

(MN3, performance 3.48), suggesting that among the sampled 

companies, systematic data collection and documentation 

practices may be underdeveloped. 

In contrast, waste collection efficiency (MN4) demonstrates 

strong performance (4.24), which may reflect that waste 

removal logistics are straightforward operational tasks 

requiring primarily coordination with waste haulers rather than 

complex institutional development. 

Table 6. Descriptive statistics for management dimension (MN) indicators 

Code Indicator 
Importance Performance Gap 

Mean SD Rank Mean SD Rank (I-P) 

MN1 Waste management policies and SOPs 4.37 0.56 1 3.72 0.74 3 0.65 

MN2 Environmental clauses in contracts 4.30 0.60 2 3.64 0.77 4 0.66 

MN3 Monitoring and reporting systems 4.27 0.58 3 3.48 0.82 4 0.79 

MN4 Waste collection efficiency 4.17 0.65 4 4.24 0.62 1 -0.07

Dimension Average 4.28 0.60 3.77 0.74 0.51
Source: Primary data (2024). 

Note: SD = Standard Deviation; Gap = Importance mean minus Performance mean; n = 30. 
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Quadrant classification reveals three indicators in Quadrant 

I requiring urgent attention: policies and SOPs (MN1), 

contract clauses (MN2), and monitoring systems (MN3) 

(Figure 4). One indicator occupies Quadrant IV: collection 

efficiency (MN4). The concentration of three out of four 

management indicators in Quadrant I underscores the critical 

governance deficit identified in this dimension, representing 

perhaps the most significant barrier to advancing C&DW 

management performance in the study context. 

Figure 4. Importance-Performance Analysis (IPA) for 

Management Dimension (MN) 
Source: Primary data (2024). 

3.5 Sensitivity analysis results 

To assess the robustness of quadrant classifications and 

address potential sensitivity to sample specific variations, 

sensitivity analysis was conducted comparing three alternative 

baseline approaches as described in Section 2.6.3. Table 7 

presents sensitivity analysis results comparing quadrant 

classifications across the three methods. 

Classification Stability Summary: 

• Highly Robust (3/3 agreement): 9 indicators (47%).

• Robust (2/3 agreement): 10 indicators (53%).

• Unstable (no consistency): 0 indicators (0%).

Bootstrap Results: 

• X̄ bootstrap median = 4.21 (95% CI: 4.15 to 4.28).

• Ȳ bootstrap median = 4.03 (95% CI: 3.96 to 4.11).

The sensitivity analysis reveals strong classification 

stability across alternative baseline methods within this 

sample's data. All 11 Quadrant I priority indicators (IW3, IW6, 

IM2, IM3, MT1, MT3, MT5, MN1, MN2, and MN3) maintain 

Quadrant I classification in at least 2 of 3 methods, with 7 

indicators (IW3, IW6, IM3, MT1, MN1, MN2, MN3) showing 

perfect stability across all three methods. This robustness 

increases confidence that the priority classifications observed 

in this sample reflect genuine importance-performance gaps 

within the study context, rather than artifacts of baseline 

selection methodology. It does not, however, imply that these 

patterns would be reproduced in a larger or different sample. 

The scale midpoint method shifts many indicators to 

Quadrant II, reflecting that absolute performance levels (mean 

scores approximately 4.0 to 4.2) exceed the theoretical scale 

midpoint (3.0), even when below the sample-specific average. 

However, for strategic prioritization within the study context, 

the grand mean approach remains most appropriate as it 

identifies relative performance gaps specific to Greater 

Malang contractors' current baseline. 

The bootstrap method, which accounts for sampling 

variability through resampling, produces results highly 

consistent with the grand mean approach. Bootstrap 

confidence intervals for both X̄ and Ȳ are narrow 

(approximately 0.13 to 0.15 range), indicating stable estimates 

within this dataset despite the relatively small sample size (n 

= 30). The close alignment between grand mean values (X̄ = 

4.23, Ȳ = 4.05) and bootstrap median values (X̄ = 4.21, Ȳ = 

4.03) further validates the primary classification methodology 

for the purposes of this pilot study. 

Importantly, no indicators exhibited unstable classification 

(appearing in different quadrants across all three methods), 

providing preliminary evidence that the framework's 

diagnostic conclusions within this sample are 

methodologically robust. The 11 priority indicators identified 

in Quadrant I through the grand mean approach consistently 

emerge as priorities under alternative baseline assumptions, 

supporting the consistency of the pilot study's diagnostic 

findings for Greater Malang contractors. Nonetheless, whether 

these patterns generalize to other contractors or regions 

requires empirical verification. 

Table 7. Sensitivity analysis of quadrant classifications 

Indicator Grand Mean (Primary) Scale Midpoint Bootstrap Median Classification Stability 

IW1 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

IW2 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

IW3 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

IW4 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

IW5 Quadrant II Quadrant II Quadrant II Highly Robust (3/3) 

IW6 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

IM1 Quadrant II Quadrant II Quadrant II Highly Robust (3/3) 

IM2 Quadrant I Quadrant II Quadrant I Robust (2/3) 

IM3 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

IM4 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

MT1 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

MT2 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

MT3 Quadrant I Quadrant II Quadrant I Robust (2/3) 

MT4 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 

MT5 Quadrant I Quadrant II Quadrant I Robust (2/3) 

MN1 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

MN2 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

MN3 Quadrant I Quadrant I Quadrant I Highly Robust (3/3) 

MN4 Quadrant IV Quadrant II Quadrant IV Robust (2/3) 
Note: IW = Workforce Dimension; IM = Material Dimension; MT = Method Dimension; MN = Management Dimension. 
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4. DISCUSSION

The following discussion presents interpretations of 

patterns observed within this specific pilot sample of 30 

respondents from three construction contractors in Greater 

Malang. All interpretations are offered as preliminary 

hypotheses suggested by the data rather than as established 

conclusions. Given the small and non-representative sample, 

findings cannot be generalized to the broader Indonesian 

construction industry, to other regions, or to similar contexts 

without further empirical research. Causal attributions are 

speculative and are presented to suggest potential explanatory 

mechanisms for future investigation, not as verified 

explanations. Comparisons with existing literature are 

intended to situate the observed patterns within broader 

scholarly conversations, not to claim that this pilot study 

confirms or validates findings from prior research. 

4.1 Systematic pattern: Governance deficit and upstream 

planning gaps 

The quadrant-based analysis reveals an observed pattern 

within this sample: indicators positioned in Quadrant I (high 

importance, low performance) tend to involve upstream 

planning and governance mechanisms, while indicators in 

Quadrant IV (low relative importance, high performance) tend 

to involve operational execution tasks. This pattern, observed 

in the data, may suggest that EP improvement in developing 

economy construction contexts requires attention to project 

planning and institutional governance; however, whether this 

pattern reflects a genuine structural dynamic or is an artifact 

of the small sample cannot be determined from this study 

alone. 

Specifically, the 11 priority indicators identified in 

Quadrant I span governance mechanisms (MN1, MN2, MN3), 

organizational infrastructure (IW3), upstream planning 

processes (MT3, MT5, IM3), and behavioral change initiatives 

(IW6, IM2, MT1). These indicators share observable 

characteristics in that they appear to require systematic 

institutional development, formal organizational 

arrangements, upfront resource allocation, and sustained 

management commitment. In contrast, high-performing 

indicators (IW1, IM4, MT2, MT4, MN4) tend to involve 

discrete operational tasks such as visible leadership support, 

quality control, worker communication, and logistics 

coordination. 

This observed bifurcation is consistent with findings from 

previous research on construction waste management in 

developing economies [18, 44, 45], though the current pilot 

study cannot independently confirm whether the same 

mechanisms are at play. The pattern observed here may 

indicate that the sampled contractors possess adequate 

operational capabilities but face constraints in institutional 

development and upstream planning a hypothesis that 

warrants investigation in future studies with larger samples. 

4.2 Workforce dimension: Organizational structure as 

critical constraint 

The IW analysis reveals that organizational structure for 

waste management (IW3) showed the largest importance-

performance gap (0.72) within this dimension and one of the 

largest across all 19 indicators in this sample. This suggests 

that among the respondents surveyed, while contractors 

recognize the need for dedicated organizational units, clear 

role assignments, and formal accountability mechanisms for 

waste management, actual implementation appears to be 

deficient. Current practice in these three companies appears 

characterized by informal approaches where waste 

management responsibilities are not clearly assigned or 

systematically monitored, though this characterization is 

based on self-reported perceptions rather than verified 

organizational assessments. 

This organizational gap may create cascading constraints 

across other workforce indicators in the sampled companies. 

Without formal organizational structures, technical 

competency development (IW4) may lack institutional 

support, worker awareness initiatives (IW6) may lack 

systematic delivery mechanisms, and regulatory knowledge 

(IW5) may lack organizational processes for translation into 

practice. This possible relationship is consistent with 

capability approach theory [39, 40], though the current data 

cannot establish this causal sequence. 

The strong performance in contractor commitment (IW1) 

despite weak organizational structures suggests a possible gap 

between senior management demonstrating verbal support and 

the institutional investments (dedicated positions, budget 

allocations, formal reporting lines) necessary for systematic 

implementation. This pattern is consistent with observations in 

prior research on corporate environmental responsibility [46, 

47], though whether the same dynamic is operating here would 

need further investigation. 

Worker awareness of waste prevention (IW6) also shows a 

notable gap in this sample. The data suggest that 

environmental awareness may be concentrated at managerial 

levels without effective cascading to operational personnel in 

the sampled organizations. Previous research confirms that 

worker-level environmental behaviors require not only 

individual awareness but also organizational systems that 

enable, support, and reward such behaviors [36, 48]. Whether 

this mechanism applies here is a hypothesis for future 

investigation. 

4.3 Material dimension: Circular economy 

implementation barriers 

The IM reveals notable observations regarding circular 

economy implementation in this sample. Use of 

recycled/reclaimed materials (IM2) demonstrates an 

importance-performance gap (0.19), indicating that among 

surveyed respondents, there is widespread conceptual support 

for circular material flows but apparently limited practical 

implementation. This gap may reflect multiple barriers 

documented in previous research: limited availability of 

quality recycled construction materials in local markets, 

higher costs compared to virgin materials, concerns about 

material reliability and building code compliance, and absence 

of supply chain infrastructure supporting recycled material 

procurement [49, 50]. However, the current study did not 

directly measure these factors, and the observed gap may 

reflect different or additional constraints specific to the local 

context. 

These possible barriers are particularly relevant in 

developing economy contexts like Greater Malang, where 

recycled material markets may be underdeveloped. If so, 

individual contractor commitments to using recycled materials 

may face structural constraints beyond their direct control a 

possibility consistent with circular economy literature [8, 51] 
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but not directly testable with the current data. 

Prevention of material over-ordering (IM3) shows a 

moderate gap (0.24), which may reflect challenges in accurate 

quantity estimation and risk-averse procurement strategies. 

Addressing this gap may require improved technical 

capabilities in quantity surveying and procurement planning, 

as well as supply chain reliability that reduces the need for 

precautionary safety stocks [52, 53]. Whether over-ordering 

reflects deliberate risk management or technical estimation 

limitations cannot be determined from this data alone. 

The strong performance in rework reduction (IM4) despite 

relatively lower perceived importance is a notable finding. 

One possible interpretation is that quality control and error 

prevention are well-established practices driven by direct cost 

savings motivations, with waste reduction as a secondary 

benefit. Framing waste management within business case 

logic may enhance uptake compared to purely environmental 

appeals, particularly in resource-constrained contexts where 

environmental motivations compete with immediate economic 

pressures [54, 55]. This interpretation is plausible but cannot 

be confirmed without qualitative investigation of contractor 

motivations. 

4.4 Method dimension: Upstream planning deficit 

The MT demonstrates relatively lower performance scores 

in upstream planning and design integration activities (MT3, 

MT5) compared to ongoing operational tasks (MT2, MT4) in 

this sample. Construction design optimization (MT3) and 

waste storage infrastructure planning (MT5) both exhibit 

importance-performance gaps, indicating that within the 

sampled companies, waste minimization considerations may 

not be adequately integrated into early project stages. 

Design optimization for waste reduction may require 

collaboration between architects, engineers, and contractors 

during design development, but traditional project delivery 

systems often separate design and construction phases, 

limiting contractor input into design decisions [56, 57]. 

Whether this structural dynamic fully explains the gap 

observed here, or whether other factors are equally or more 

important, is an empirical question for future research. 

Waste storage infrastructure planning (MT5) showed lower 

performance scores, which may relate to construction sites in 

dense urban contexts facing space constraints, with waste 

management infrastructure competing with other operational 

priorities. This possible explanation is consistent with 

previous research [58, 59] but was not directly tested in this 

study. 

Waste separation at source (MT1), despite high importance 

recognition (4.33), demonstrates a moderate gap (performance 

4.03). Possible factors contributing to this gap such as limited 

containers, insufficient worker training, or downstream 

recycling infrastructure gaps are consistent with prior 

literature [60, 61] but would require empirical verification in 

this context. Where mixed waste and separated waste face 

identical disposal pathways due to limited recycling facilities, 

separation efforts generate no tangible benefit, reducing 

motivation for consistent practice a dynamic documented 

elsewhere [60, 61] that may apply in this setting. 

4.5 Management dimension: Governance and 

administrative system deficits 

The MN exhibits the largest average importance-

performance gap in this sample, with three of four indicators 

(MN1, MN2, MN3) occupying Quadrant I and demonstrating 

the largest importance-performance gaps in the entire 

framework. This concentration in Quadrant I suggests that 

governance and administrative system development may be an 

important intervention area for the sampled companies, though 

the extent to which this reflects broader contractor populations 

is unknown. 

The relatively low performance scores for written policies 

and standard operating procedures (MN1, performance 3.72) 

suggest possible reliance on informal, ad-hoc waste 

management approaches rather than formalized, documented 

systems in the sampled companies. Without written policies 

establishing organizational expectations, procedures 

specifying implementation protocols, and SOPs standardizing 

operational practices, waste management may depend on 

individual initiative rather than systematic organizational 

routines, which could create inconsistency across projects, 

reduce accountability, and inhibit knowledge transfer [38, 62]. 

This causal chain is theoretically plausible but cannot be 

verified from the present data. 

Limited integration of environmental clauses in 

construction contracts (MN2, performance 3.64) may indicate 

that waste management responsibilities are not systematically 

embedded in contractual relationships with subcontractors and 

suppliers in the observed companies. Research suggests that 

contract clauses represent a critical governance mechanism for 

extending environmental requirements beyond the primary 

contractor to the entire project supply chain [63, 64], and the 

gap observed here is consistent with that view. 

The lowest performance score across all 19 indicators is 

observed for monitoring and reporting systems (MN3, 

performance 3.48), suggesting that systematic data collection 

may be severely underdeveloped in the sampled companies. 

Without performance measurement, it may be difficult for 

contractors to identify specific problem areas requiring 

attention or demonstrate progress to stakeholders, a challenge 

documented in previous research on environmental data 

systems [65, 66]. Whether this monitoring deficit reflects 

resource constraints, lack of regulatory pressure, or absence of 

internal demand for performance data is unclear from the 

current data. 

These governance gaps may be mutually reinforcing in 

ways documented by prior research [67, 68]: without policies 

establishing expectations, there is no framework guiding what 

should be monitored; without monitoring generating 

performance data, there is no information revealing whether 

policies are effective; without contractual requirements, there 

are no mechanisms enforcing policies across project networks. 

Whether this cycle is operating in the sampled companies is a 

hypothesis for future investigation, not a conclusion supported 

by the current data. The strong performance in waste 

collection efficiency (MN4) is notable and may reflect that 

operational logistics are more easily managed within existing 

routines, contrasting with the systemic governance gaps 

observed in MN1–MN3. 

4.6 Cross-dimensional patterns: Systematic governance 

and planning deficits 

4.6.1 Upstream planning deficit across dimensions 

An observable tendency across dimensions is that upstream 

planning and design integration indicators tend to show lower 

performance scores relative to their perceived importance in 
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this sample. This tendency manifests in organizational 

planning (IW3), material procurement planning (IM3), design 

optimization (MT3), infrastructure planning (MT5), and 

policy development (MN1). One possible explanation is that 

these indicators require decisions and investments during early 

project stages, before waste generation occurs and before 

immediate operational pressures dominate attention though 

this remains a hypothesis for future investigation. 

This observation may be consistent with several interrelated 

challenges documented in the literature. Early-stage planning 

may require anticipating future operational needs, a capability 

that could depend on organizational learning systems 

capturing lessons from previous projects. However, the weak 

monitoring (MN3) observed in this sample may hinder such 

learning. Construction project cycles are generally short, 

creating incentives for solutions with immediate payoffs rather 

than investments in planning infrastructure with deferred 

returns [69, 70], a dynamic that may apply in the current 

context but cannot be verified without further research. 

Potential interventions suggested by the literature such as 

contractual requirements mandating waste management 

planning documentation, integration of waste management 

considerations into building permit processes, and capacity 

building targeting project planning skills [71, 72] may be 

relevant for the Greater Malang context, though their 

effectiveness would need empirical evaluation. 

4.6.2 Governance versus technical capacity gap 

The data reveal an observable divergence between 

governance/institutional indicators and technical/operational 

indicators in this sample. Governance indicators (policies, 

contracts, monitoring, organizational structure) show 

consistently lower performance scores and cluster in Quadrant 

I, while technical and operational indicators (commitment, 

rework reduction, worker reminders, collection efficiency) 

demonstrate comparatively stronger performance. This 

observed pattern may indicate that implementation barriers 

differ across indicator types within this sample a hypothesis 

consistent with prior research [73, 74] but requiring empirical 

verification. 

A possible explanation is that technical and operational 

improvements may be achievable through discrete 

interventions (providing equipment, delivering training, 

establishing routines) that fit within existing organizational 

structures, while governance improvements require systemic 

organizational changes that encounter resistance from 

established practices, require sustained management attention, 

and demand organizational capabilities that may be 

underdeveloped [73, 74]. Whether this explanation applies to 

the sampled companies is a hypothesis requiring qualitative 

investigation. 

These observations suggest that future interventions might 

benefit from combining institutional capacity building with 

technical training, as formal systems, clear accountability, 

performance measurement, and organizational structures that 

enable and sustain individual competencies are central to 

effective environmental management [75]. The specific 

approaches best suited to the Greater Malang context require 

further empirical investigation. 

4.7 Theoretical contributions 

4.7.1 Framework extension and integration 

Beyond the empirical observations from this pilot 

application, this study contributes a methodological extension 

that offers potential enhancements to existing C&DW 

evaluation approaches. The framework addresses 

methodological limitations in existing tools by integrating 

importance-performance dual assessment, visual quadrant 

classification, and cross-dimensional pattern analysis into a 

cohesive diagnostic system. The pilot application 

demonstrates the framework's feasibility and preliminary 

utility, though comprehensive evaluation of its contribution 

relative to existing tools requires application with larger and 

more diverse samples [18, 30, 31]. 

The framework's contribution lies not in creating entirely 

new indicators, as these build on the validated WMPET 

structure [30, 31], but in the analytical architecture combining 

importance and performance measurement with visual 

prioritization. This extension transforms linear evaluation 

(measuring performance alone) into a diagnostic tool 

(identifying what matters most yet performs worst) that may 

address practitioner needs for actionable guidance. The 

methodological value resides in integration and visualization 

rather than indicator innovation, though empirical evaluation 

of whether this additional analytical layer meaningfully 

improves practitioner decision-making compared to existing 

tools remains a direction for future research. 

4.7.2 Theoretical integration through gap analysis 

The framework operationalizes a theoretical integration 

approach through importance-performance gap analysis. 

Importance scores reflect normative recognition, capturing 

theoretical acceptance of principles from circular economy, 

lean construction, capability approach, and institutional 

theory. Performance scores reflect practical implementation, 

capturing resource constraints, capacity limitations, and 

institutional barriers. The gap between these dimensions, as 

observable in the pilot data, reveals where theoretical 

principles appear not to translate into practice in the sampled 

companies identifying potential bottlenecks for environmental 

improvement in resource-constrained contexts [36, 37, 38]. 

This gap-focused approach offers a bridge between 

academic theory and practitioner reality. By identifying where 

contractors recognize theoretical importance but face apparent 

implementation barriers, the framework shifts analytical focus 

from measuring deviations from ideal states to identifying 

specific constraints thereby potentially generating more 

actionable insights for intervention design [76, 77]. Whether 

this approach is more actionable in practice than alternative 

frameworks is an empirical question requiring user-study 

research. 

4.8 Practical implications 

4.8.1 Prioritized intervention roadmap 

Based on the quadrant classification from this pilot sample, 

the following preliminary intervention suggestions are 

offered. These are derived from the observed patterns in three 

Greater Malang companies and should be treated as 

hypotheses about potentially useful approaches rather than 

empirically validated prescriptions. Implementation in other 

contexts would require local assessment of needs and 

capacities. 

The 11 indicators in Quadrant I in this sample represent 

areas where importance recognition appears to exist but 

implementation appears deficient, suggesting potential 

receptivity to support interventions. A phased intervention 
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approach might address foundational, intermediate, and 

advanced capacity needs sequentially. Foundational 

interventions could establish basic organizational 

infrastructure for waste management (IW3) through 

designating responsibility holders, creating reporting 

procedures, and allocating budgets. Development of template 

waste management policies and standard operating procedures 

(MN1) adapted to contractor scale and project types would 

provide documented frameworks guiding implementation. 

Introduction of simple contract clause templates for 

environmental requirements (MN2) that contractors can 

incorporate into subcontractor agreements would extend 

accountability across project networks. Training in accurate 

material quantity estimation and procurement planning could 

reduce over-ordering (IM3). 

Intermediate capacity building might implement worker 

awareness programs targeting frontline personnel (IW6), 

using toolbox talks, visual signage, and supervisor training. 

Establishment of basic monitoring systems (MN3) using 

simple waste tracking methods and regular reporting would 

enable performance feedback. Development of partnerships 

with recycled material suppliers could improve availability 

and reliability (IM2). Integration of waste storage 

infrastructure requirements (MT5) into project site planning 

templates would ensure adequate space allocation. Piloting 

design optimization approaches (MT3) in selected projects 

could demonstrate waste reduction potential and build 

contractor confidence in upstream planning interventions. 

Advanced institutionalization efforts might integrate waste 

management performance metrics into project evaluation 

systems. Establishment of internal audit procedures for policy 

compliance checking would strengthen accountability. Pursuit 

of external certifications or green building ratings that 

recognize waste management achievements could create 

market differentiation. Optimization of Quadrant IV indicators 

(IW1, IM4, MT2, MT4, MN4) that already perform well 

through documentation of best practices would enable 

knowledge transfer across projects and contractors [78, 79]. 

The sequencing reflects possible logical dependencies, but 

the specific timeline and resource requirements for 

progression across these phases would depend on contractor 

resources, external support availability, regulatory pressures, 

and local context factors that cannot be predetermined from 

this pilot study and would require empirical assessment in each 

implementation setting rather than predetermined schedules. 

4.8.2 Policy support requirements 

The governance deficits observed in this pilot sample 

(MN1, MN2, MN3) suggest possible directions for policy 

support, though the following recommendations are derived 

from a small sample and should be treated as preliminary 

hypotheses requiring broader empirical grounding before 

forming the basis for policy decisions. 

Governance deficits could potentially be addressed through 

regulatory requirements mandating waste management plans, 

monitoring reports, and contractual environmental clauses as 

conditions for building permits or contractor licensing [80, 

81]. Such requirements would transform waste management 

from voluntary practice to compliance obligation, creating 

stronger implementation incentives. Recycled material uptake 

(IM2) may require supplier ecosystem development, 

potentially supported through procurement preferences in 

public projects, quality certification programs establishing 

reliability standards for recycled materials, or fiscal 

mechanisms that address cost differentials between virgin and 

recycled materials [82, 83]. Without reliable supply chains and 

quality assurance systems, individual contractor commitments 

face structural constraints beyond their direct control. 

Upstream planning integration (MT3, MT5) could 

potentially be strengthened through building code provisions 

requiring waste management considerations in design 

documentation and site layout approvals. Design-build or 

integrated project delivery contracting in public projects could 

demonstrate collaboration models enabling early contractor 

input into design decisions. Professional development 

programs for architects and engineers could build design-for-

waste-minimization competencies [84, 85]. 

Municipal level interventions might include establishing 

construction waste transfer stations, certification programs 

recognizing contractors demonstrating waste management 

excellence, and peer learning networks to accelerate diffusion 

of effective practices [86, 87]. These possible interventions are 

consistent with the patterns observed in this sample and with 

the broader literature, but would require evaluation of their 

feasibility, cost-effectiveness, and local regulatory context 

before implementation. 

4.9 Comparative context and transferability potential 

4.9.1 Alignment with regional patterns 

The patterns observed in this pilot study particularly the 

Quadrant I positioning of organizational structure (IW3) and 

regulatory indicators (MN1, MN2, MN3) are broadly 

consistent with challenges documented in other Southeast 

Asian developing economy construction sectors [44, 54, 86], 

suggesting that the framework may be relevant for similar 

contexts, and that the indicators used may capture phenomena 

of broader significance. However, consistency with prior 

literature does not validate the current findings, and the small 

sample size means the observed patterns may not be 

representative even of Greater Malang contractors, let alone 

other regions. 

Greater Malang's economic profile with construction 

contributing 12.56% to GDP and 7.23% annual growth in 

fixed capital formation [32] may share structural similarities 

with other rapidly urbanizing Indonesian cities and 

comparable mid-tier cities in Southeast Asia. This structural 

similarity suggests the framework methodology may be worth 

testing in those contexts, though whether similar performance 

patterns would be observed is an empirical question that 

cannot be answered from this pilot study. 

4.9.2 Divergence from developed economy patterns 

The observed pattern of governance deficits potentially 

overshadowing technical capacity gaps differs from C&DW 

management challenges typically described in developed 

economy contexts, where regulatory frameworks, monitoring 

systems, and contractual mechanisms are well established and 

implementation challenges center more on cost optimization, 

market development for recycled materials, and behavior 

change within functioning institutional systems [88, 89]. This 

divergence suggests that frameworks and intervention 

strategies developed for developed economy contexts may 

require significant adaptation before being applied in settings 

where basic institutional capacity may be absent a 

consideration relevant for future research and policy transfer, 

but one that the current pilot study data can only illustrate 

rather than establish [90, 91]. 
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4.9.3 Transferability considerations 

The framework methodology that is, the dual-axis 

importance-performance measurement combined with 

Cartesian quadrant visualization across the four WMPET-

derived dimensions may have transferability potential across 

different contexts. However, several important caveats apply. 

The specific performance profiles, gap magnitudes, and 

quadrant assignments observed in this study reflect three 

specific companies in Greater Malang and cannot be assumed 

to generalize elsewhere. Applying the framework in different 

contexts would require local adaptation of indicator wording 

and operational definitions, and results would need to be 

interpreted against local institutional contexts [92, 93]. 

Transferability resides in the assessment approach rather 

than in the Greater Malang findings themselves. Future 

applications in different Indonesian cities, other Southeast 

Asian countries, or other developing regions are warranted to 

investigate both common patterns and context-specific 

variations [94, 95], but such applications require original data 

collection and cannot be inferred from this pilot study. 

4.10 Study limitations 

Several limitations constrain interpretation and 

generalizability of findings. The most fundamental limitation 

is the small sample size (n = 30) and geographic concentration 

(three contractors in one metropolitan region). This pilot-scale 

application is appropriate for framework development and 

initial proof-of-concept but provides no basis for statistical 

generalization to the broader Indonesian construction industry 

or to other contexts. All findings should be interpreted as 

exploratory observations specific to this sample. The 

purposive sampling approach prioritized contractor diversity 

across project types but did not employ random selection, 

further limiting any claim to representativeness. This 

exploratory approach is appropriate for framework 

development stages [43], but findings must not be extrapolated 

beyond the study sample without empirical replication. 

Reliance on self-reported importance and performance 

assessments introduces potential social desirability bias, 

where respondents may overstate importance recognition or 

performance levels. Future research should triangulate self-

reported assessments with objective performance measures 

such as waste audit data quantifying actual waste generation 

and segregation rates, material procurement records 

documenting over-ordering frequencies, and contract 

document reviews verifying environmental clause inclusion 

[96, 97]. 

The cross-sectional design captures importance and 

performance at a single time point, precluding assessment of 

trends, trajectories, or intervention effectiveness. Longitudinal 

research tracking how importance-performance gaps evolve 

over time, particularly following targeted interventions, would 

strengthen causal understanding of what drives performance 

improvement [98, 99]. 

The four-dimensional indicator structure is assumed from 

the WMPET framework [30, 31] and was not independently 

validated in this study through EFA, CFA, or expert Delphi 

procedures specific to the Greater Malang context. This 

represents a critical limitation: the assignment of indicators to 

dimensions, and conclusions about dimension-level patterns, 

rest on prior literature rather than empirical verification in the 

target population. Future research must conduct CFA with 

larger samples (n > 150) before dimension-level 

interpretations can be made with confidence. Some indicators 

may exhibit interpretation variability across respondent roles 

(managers versus field workers) or project contexts 

(residential versus commercial construction), affecting 

reliability of cross-group comparisons [100, 101]. 

While sensitivity analysis demonstrated robust 

classification for priority indicators (Section 3.5), the sample-

specific baseline approach limits cross-study comparability. 

Future research should establish industry benchmarks 

enabling absolute performance assessment alongside relative 

within-sample evaluations. Additionally, this study did not 

conduct cost-benefit analysis of proposed interventions or 

track financial outcomes. Future research incorporating 

detailed economic analysis, comparing intervention costs 

against measurable waste reduction outcomes and operational 

savings, would strengthen business case arguments supporting 

C&DW management investments [102, 103]. 

5. CONCLUSIONS

This study makes two primary contributions to C&DW 

management research and practice. First, it develops and 

conducts a preliminary pilot application of a quadrant-based 

performance framework that extends existing waste 

management evaluation approaches by integrating four critical 

dimensions (IW, IM, MT, and MN) with dual-axis IPA, 

providing a potentially useful diagnostic tool that may address 

fragmentation in existing evaluation methodologies. The 

framework's methodological advantages include simultaneous 

importance-performance assessment revealing priority gaps, 

visual Cartesian representation enabling intuitive strategic 

interpretation, actionable quadrant-specific guidance for 

resource allocation, and cross-dimensional comparative 

analysis that can surface observable patterns. 

Applied to 30 respondents from three construction 

contractors in Greater Malang, Indonesia as a preliminary pilot 

application, the framework demonstrates proof-of-concept and 

preliminary diagnostic utility by identifying 10 of 19 

indicators (53%) positioned in Quadrant I within this sample 

as priority improvement areas. Cross-dimensional observation 

reveals a tendency in this sample: underperforming indicators 

consistently involve upstream planning and governance 

mechanisms (organizational structure IW3, material planning 

IM3, storage design MT5, regulatory frameworks MN1, MN2, 

MN3) while well-performing indicators involve operational 

execution (commitment IW1, rework reduction IM4, worker 

reminders MT2, waste collection MN4). This tendency, made 

observable through the framework's integrative architecture, 

suggests that EP improvement in developing economy 

contexts may require attention to project planning and 

institutional governance rather than merely operational 

adjustments an interpretation offered as a hypothesis for 

further investigation, not as a conclusion generalizable beyond 

this sample. Sensitivity analysis across three baseline methods 

(grand mean, scale midpoint, bootstrap median) confirms 

classification robustness within this sample's data, with all 11 

priority indicators maintaining Quadrant I position in at least 

two of three methods, indicating that the diagnostic 

classifications are consistent within the study context. 

The framework's preliminary pilot application generates the 

following findings, offered as context-specific observations 

for Greater Malang contractors and as hypotheses for future 

research. For contractors, a phased implementation approach 
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could address Quadrant I priorities through foundational 

restructuring establishing dedicated organizational units, 

material planning systems, waste infrastructure integration in 

project designs, and standard operating procedures with 

contract clause templates. Subsequent capacity building might 

include training programs, performance measurement 

systems, supplier partnerships for recycled materials, and 

design optimization pilots. Advanced institutionalization 

could integrate C&DW metrics into evaluation systems, 

establish internal audits, and pursue external certifications. 

The specific progression pace and resource requirements 

would depend on individual contractor capacity, external 

support availability, and regulatory context factors that vary 

across settings and require empirical assessment rather than 

predetermined recommendations derived from this pilot study. 

For policymakers, preliminary recommendations include 

municipal certification programs and incentive mechanisms, 

provincial standards in public contracts and regional training 

curricula, and national integration into green building 

certifications with Extended Producer Responsibility schemes. 

The alignment between patterns observed in this Greater 

Malang pilot sample and challenges documented in prior 

Southeast Asian research suggests these directions may be 

worth exploring, but policy decisions should not be based 

solely on findings from this small-scale pilot study. 
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NOMENCLATURE 

 

C&DW construction and demolition waste 

EP environmental performance 

IM material dimension variable 

IW workforce dimension variable 

M mean (average score), dimensionless 

MN management dimension variable 

MT method dimension variable 

n 
sample size (number of respondents), 

dimensionless 

SD standard deviation, dimensionless 

WMPE waste management performance evaluation tool 

X̄ 
grand mean of all importance scores, 

dimensionless 

X̄ᵢ 
mean importance score for indicator i, 

dimensionless 

Ȳ 
grand mean of all performance scores, 

dimensionless 

Ȳᵢ 
mean performance score for indicator i, 

dimensionless 

 

Subscripts 

 

I indicator index 
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