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Abstract—Modular Integrated Construction (MiC) offers 

opportunities to improve construction cost and time effi-

ciency, but its implementation depends on supply chain read-
iness. In Indonesia, dependence on imported materials and an 

underdeveloped modular ecosystem complicate adoption 

amid substantial housing shortages. Previous studies have 
rarely distinguished supply chain risks affecting cost, time, 

and quality or examined state-owned enterprise (SOE) con-

tractors as early MiC adopters. This study assessed these 
risks using practitioner perspectives from five SOE contrac-

tors in Jakarta. Thirty practitioners completed a question-

naire covering 37 risks across seven categories. Of these, 36 
met validity and reliability requirements, with Cronbach's al-

pha values ranging from 0.955 to 0.982. Risk severity was 

evaluated using the Severity Index (SI) and classified through 

a Probability-Impact Matrix (PIM). Most risks were catego-
rized as moderate. Four risks were classified as high: long dis-

tances between project sites and modular factories (LG3) for 

cost; inadequate assembly planning and scheduling (DP3) 
and delayed owner payments (PG3) for time; and delayed 

module installation (IM5) for quality. The findings highlight 

the importance of coordinated planning, contract manage-
ment, and supply chain collaboration. Contractors should 

strengthen scheduling and stakeholder coordination, while 

module providers should improve production capacity, tech-

nical support, quality control, and workforce competencies. 
The study is limited by its Jakarta-based SOE sample and re-

liance on perceived risks. Future research should involve 

broader regional samples, quantify actual cost and schedule 
impacts, and examine risk relationships using observed pro-

ject performance data to support more reliable modular con-

struction implementation. 

 

Index Terms— Modular Construction, Severity Index, 

State-Owned Enterprise Contractor, Supply Chain Risk 

Management. 

I. INTRODUCTION 

ODULAR Integrated Construction (MiC), one 

of the leading approaches within Off-Site Con-

struction (OSC), enables approximately 80-

90% of building works to be completed in a factory envi-

ronment before the transportation and on-site assembly of 

the modules [1]. This approach can accelerate project de-

livery by around 20-50% [2] and reduce costs by 

up to 24% compared to conventional construction [3], 

while also improving project quality through a more con-

trolled fabrication process. However, the design, produc-

tion, transportation, and assembly stages can be integrated; 

these benefits entail a greater reliance on a complex supply 

chain. For modular construction approaches to be imple-

mented successfully, supply chain risk management is es-

sential since any interruption at any point might affect the 

project as a whole [4]. 

Based on data on Housing Backlog and Housing Provi-

sion Achievements in Indonesia 2025–Semester I 2026, 

the home ownership backlog still reached 9.29 million 

households (12.39%) and the habitability backlog was 

18.01 million households (24.03%), almost double the 

ownership backlog. This indicates that improving the qual-

ity of existing homes is a crucial component in meeting 

housing needs. In 2026, among all Indonesian provinces, 

the highest habitability backlog rate was recorded in the 

Highland Papua Province at 91.76 percent, whereas the 

lowest was in the Special Region of Yogyakarta at 7.92 

percent [5]. Due to these conditions, faster and more effec-

tive construction techniques are required. However, the 

implementation of Modular Integrated Construction (MiC) 

in Indonesia faces various challenges, such as limited mod-

ular manufacturing facilities, the complexity of module 

transportation, inadequate logistics infrastructure, and is-

sues regarding the accessibility of imported materials, par-

ticularly aluminum and steel [6]–[7]. These conditions 

make the supply chain more susceptible to price fluctua-

tions, supply delays, and supply uncertainty. Cost over-

runs, schedule delays or time overruns, and a decline in 

construction quality can directly result from these condi-

tions [8]–[9]. 

Supply chain risks are among the most significant threats 

in modular construction projects [6], [10]. Advanced forms 

of the modular construction industry, design standardiza-

tion, inter-connection coordination, and integrated logis-

tics systems have reduced such risks [11]–[12]. However, 

research specifically focused on supply chain risks with 

separate evaluations of their impacts on cost, time, and 

quality remains limited. A review of 309 studies on off-site 

construction supply chain modeling found that logistics-

related aspects received only around 7% of research atten-

tion, while studies on Supply Chain Risk Management 

(SCRM) within the context of developing countries remain 

very limited [4], [13]. 

Assessing risk in relation to cost, time, and quality is es-

sential, as these aspects constitute the key parameters of 

construction project success. Consequently, supply chain 

disruptions that are not evaluated specifically against each 

of these parameters may lead to inaccurately targeted risk-

control strategies [14]. The severity of a given risk can vary 

across different project performance parameters; a risk 

with no significant effect on schedule may not necessarily 

have the same effect on project cost or quality. A general 
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risk assessment therefore tends to offer an incomplete pic-

ture of how risk influences project performance. Each risk 

can impact the relevant party's performance at varying lev-

els; an assessment that simultaneously addresses cost, 

time, and quality yields more comprehensive results [15]. 

Consequently, to accurately reflect the impact on time, 

cost, and quality, the resulting risk visibility requires that 

each severity level be assessed individually.  

Research on modular construction risks continues to 

grow, yet three critical gaps remain. First, in modular con-

struction research, the Severity Index (SI) is commonly 

used to assess the overall severity of risks; however, it has 

not been used to examine how these risks affect cost, time, 

and quality in modular construction projects. in modular 

construction projects [16]. Second, empirical studies on 

supply chain risks in modular construction have largely 

been conducted in developed nations possessing mature 

modular manufacturing ecosystems and regulatory frame-

works [4]. Recent studies in Indonesia have focused solely 

on stakeholder priorities regarding the adoption of modular 

construction [17], rather than on supply chain risks them-

selves. Third, the implementation of modular construction 

in Indonesia remains dominated by State-Owned Enter-

prise (SOE) contractors, who act as pioneers in adopting 

the modular approach [6]. The experiences regarding sup-

ply chain risks encountered by these pioneering companies 

in Indonesia have not yet been systematically examined, 

even though such experiences could serve as a vital refer-

ence for fostering wider adoption of modular construction. 

Building on these identified gaps, this study aims to an-

alyze supply chain risk in modular construction based on 

the experience of five state-owned enterprise (SOE) con-

tractors in Jakarta, and to determine the severity level of 

risk at each supply chain stage in relation to cost, time, and 

quality, given their potential impact on project implemen-

tation. 

Thus, the primary contribution of this research is to as-

sess the severity levels of individual supply chain risks in 

modular construction based on their impacts on cost, time, 

and quality, and to present a comprehensive severity map-

ping that can be practically applied during the early stages 

of project risk management (addressing gap 1). In addition, 

by drawing on SOE contractors' experiences, this study ad-

dresses gaps 2 and 3 and offers a reference for strengthen-

ing the resilience of the modular construction supply chain 

in Indonesia. 

II.  RESEARCH METHODS 

A. Research Design and Framework 

This study employs a robust research methodology. It 

utilizes digital calculations for risk assessment based on 

Severity Index (SI) distributions derived from survey re-

sponses provided by professionals working on modular 

construction projects. The objective is to leverage SI met-

rics to identify supply chain risks within the modular con-

struction sector by shedding light on the perceptions of 

practitioners from the five state-owned enterprise (SOE) 

contractors in Jakarta. Subsequently, these results are used 

to classify risks into low, medium, and high categories. 

The study underlying this survey serves as a preliminary 

step to identify risk performance levels. The data were 

cleaned to ensure their integrity prior to statistical analysis. 

Subsequently, the Severity Index (SI) was used to deter-

mine the severity level for each impact on cost, time, and 

quality. Risk factors classified as high-risk formed the ba-

sis for determining appropriate risk controls. 

B. Research Instrument 

This study employs a structured questionnaire as the pri-

mary data collection instrument, divided into three sec-

tions: respondent characteristics, level of understanding re-

garding modular construction, and risk assessment. Based 

on the literature review as presented in Table I, the risk as-

sessment section comprises 37 items. While previous stud-

ies generally categorize MiC risks into four main stages 

[18], this study expands the classification to seven factors, 

namely design and planning, procurement, module produc-

tion, logistics, transportation/delivery, on-site installation, 

and external risks, to obtain a more detailed overview of 

supply chain disruptions [1], [9]. Prior to the main survey, 

the questionnaire containing 37 risk items derived from the 

literature was pilot-tested and reviewed by experts. This 

stage involved four individuals: one academic and three in-

dustry practitioners who understand the modular construc-

tion supply chains. The evaluation was conducted online 

(via Google Forms) to assess content validity, evaluate 

sentence clarity and readability, and estimate the time re-

quired to complete the questionnaire. Based on feedback 

from the pilot test, the questionnaire was refined to elimi-

nate ambiguity and ensure that all 37 risk items were suit-

able for use in the main survey. 

All risk factors in Table I were assessed by respondents 

using a five-point Likert scale to measure the probability 

of occurrence and its impact on project cost, time, and 

quality. 

 
Fig. 1. Severity Index Analysis Flow
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TABLE I. 

SUPPLY CHAIN RISK FACTORS IN MODULAR CONSTRUCTION 

Risk Factor Code Definition References 

Design and 

Planning Risk   

DP DP1 Changes in project design or scope [1], [19]–[22]  

DP2 Failure to establish design standards and specifications in the early pro-
ject stage 

[18], [22]–[23] 

DP3 Suboptimal planning and scheduling of modular assembly [19], [21]–[22] 

DP4 Lack of detailed information in modular construction designs [18], [24] 

DP5 Obstacles to design approval [6] 

Procurement 

Risk 

PG PG1 Delays in product delivery [19] 

PG2 Failure to select appropriate suppliers and supplier limitations [22], [25]–[26] 

PG3 Late payments from the project owner [22] 

PG4 Lack of workers with specific qualifications [10], [22] 

PG5 Contract disputes with suppliers [25] 

PG6 Inaccurate estimates of modular demand volumes [22] 

PG7 Errors in route planning and safety measures during delivery [24] 

Module Produc-

tion Risk  

PM PM1 Limited factory production capacity meeting project demand [22], [26]–[27] 

PM2 Errors in module placement at the factory storage location (warehouse) [1] 

PM3 Failure to meet quality standards and module fabrication defects [1], [18], [22], [26] 

PM4 Design information gaps between planners and modular fabrication 
teams 

[27] 

Logistics Risk  LG LG1 Increased module shipping costs [28]–[29] 

LG2 Limited availability and damage to transport vehicles [1], [26], [28] 

LG3 Long distance between the project site and the module production fac-

tory 

[1], [18] 

LG4 Restrictions on transport type and capacity affecting module size [18], [22]–[26] 

LG5 Lack of data accuracy in shipment coordination [22] 

LG6 Long component lead time [22] 

Transporta-

tion/Delivery 

Risk 

TP TP1 Module damage during delivery [18]–[19] 

TP2 Accidents during module delivery [28]  

TP3 Delayed module delivery to the project site [18], [23]–[24], [28] 

TP4 Early arrival or incorrect delivery of modules at the site [18] 

TP5 Limited delivery routes to the project site [6] 

On-Site and 

Module Installa-

tion Risk  

IM IM1 Technical installation failure and geometric misalignment between 

modules 

[1], [18]–[19], [21], [23] 

IM2 Inappropriate crane selection and operational constraints [1], [19]–[20], [22]–[24] 

IM3 Module damage due to poor storage management and weak on-site 

quality control (QC) 

[6], [18], [25] 

IM4 Work-related accidents [22] 

IM5 Delays in module assembly/installation execution [26] 

IM6 Poor cooperation and communication among project stakeholders [10], [22] 

External Risk  EKS EKS1 Regulatory barriers, bureaucracy, and changes in government policy [19]–[20], [22], [24]  

EKS2 Market fluctuations affecting module production availability  [28] 

EKS3 Price increases (inflation) in labor, materials, and equipment [22], [24] 

EKS4 Risk of natural disasters and extreme weather conditions [18], [22]–[23], [25]–[26] 

The description of each rating level is presented in Table 

II for the probability assessment scale [30] and Table III 

for the assessment scale of impact on cost, time, and qual-

ity [31]. 

TABLE II. 

LIKERT SCALE FOR PROBABILITY ASSESSMENT 

Value Category Assessment Criteria 

1 Very rare (VR) <10% 

2 Rare (R) 11-40% 

3 Moderate (M) 41-60% 

4 Frequent (F) 61-90% 

5 Very frequent (VF) >90% 

Project impacts were evaluated separately based on cost, 

time, and quality dimensions using the five-point Likert 

scale shown in Table III. 

 

 

 

 

 

 

 

TABLE III. 

LIKERT SCALE FOR IMPACT ASSESSMENT 

 1 2 3 4 5 

Very Small 

(VS) 
Small (S) 

Medium 

(M) 
Large (L) 

Very 

Large 

(VL) 

Cost  Cost increase, 

but not very 

significant    

Cost increase 

of <5%   

Cost increase 

of 5–10% 

Cost in-

crease of 

10–20% 

Cost in-

crease of 

>20% 

Time  Schedule de-

lays are not 

very significant  

Schedule de-

lays <5%     

Overall pro-

ject schedule 

delays of 5–

10%    

Overall pro-

ject sched-

ule delays of 

10–20%   

Overall 

project 

schedule 

delays 

>20% 

Quality The decline in 

quality is not 

particularly sig-
nificant 

The decline 

in quality is 

limited to 
non-critical 

work, but 

still meets 

the specifica-

tions      

The decline 

in quality af-

fects some 
technical 

specifica-

tions, so the 

project 

owner’s ap-

proval is re-

quired   

The decline 

in quality is 

unaccepta-
ble to the 

project 

owner    

The final 

project 

outcome 
fails to 

meet the 

building’s 

functional 

require-

ments  

C. Population and Sample 

The accessible population for this study consisted of 

practitioners with direct experience in modular construc-

tion projects across five state-owned enterprise (SOE) con-

struction companies in Jakarta: PT Wijaya Karya Gedung 

Scale 

Aspect 
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Tbk, PT Adhi Persada Gedung, PT Pembangunan Pe-

rumahan (Persero) Tbk, PT Waskita Beton Precast Tbk, 

and PT Brantas Abipraya (Persero). Purposive sampling 

was employed to select the study sample. Respondents 

were selected using purposive sampling through direct 

contact with the divisions responsible for modular con-

struction projects in each company. Respondent eligibility 

was based on direct involvement in the execution of mod-

ular construction projects specifically within engineering, 

procurement, logistics, and risk management teams, as 

well as managerial roles encompassing specialized modu-

lar business units (e.g., MOBOX and Modular divisions), 

precast and post-tensioning production units, and construc-

tion/installation execution teams. 

Eligibility criteria did not mandate a minimum duration 

of experience. This approach aligns with the relatively nas-

cent state of modular construction practices in Indonesia, 

where the pool of practitioners with specialized experience 

in this field remains limited (Table VI). A total of 38 re-

spondents were initially identified; eight were excluded 

during the data screening phase due to a lack of direct ex-

perience in modular construction projects, resulting in a fi-

nal analysis sample of 30 eligible respondents. A response 

rate could not be calculated relative to the accessible pop-

ulation because recruitment relied on direct, purposive 

contact with personnel in relevant divisions across the five 

companies, rather than the distribution of questionnaires to 

a fixed, quantifiable list. Within each company, the number 

of personnel with direct experience in modular construc-

tion projects is relatively limited. Furthermore, not all per-

sonnel within divisions that have handled modular projects 

were directly involved in the execution of those projects. 

Consequently, the exact number of individuals meeting the 

criteria for potential respondents could not be accurately 

determined. Due to the unavailability of a complete sam-

pling frame for the population, the study employed purpos-

ive sampling, selecting respondents with direct and rele-

vant experience in modular construction projects. 

The adequacy of the sample in this study was supported 

by the involvement of respondents from all five state-

owned construction companies headquartered in Jakarta, 

including divisions related to modular project implementa-

tion in each company. The limited number of respondents 

is one of the challenges in modular construction risk re-

search in developing countries, because the adoption of 

MiC is still in its early stages, resulting in a relatively lim-

ited number of practitioners with direct experience in mod-

ular projects. A similar condition was also found by [9], 

who distributed 45 questionnaires but only obtained 15 

valid responses due to the limited number of available 

modular experts, who had a context of early implementa-

tion of modular construction in a developing country com-

parable to Indonesia.  

Furthermore, construction risk research in Indonesia us-

ing the Severity Index was also conducted with a relatively 

limited number of respondents, namely 24 respondents 

[32]. This indicates that a limited number of respondents 

can still be found in construction risk analysis research [9], 

[32]. Referring to previous research by [9] indicates that 

the limited number of respondents is a condition that can 

occur in research with the MiC context which is still in the 

development stage.  Therefore, this study uses a purposive 

sampling method to ensure that the respondents involved 

have relevant experience and involvement with modular 

projects, so that the data obtained remains aligned with the 

objectives of the risk analysis. 

D. Data Collection and Analysis 

Data were collected through questionnaires and semi-

structured interviews. The questionnaires were distributed 

both offline and online via Google Forms and PDF files 

from 16 January to 2 March 2026. To validate the quanti-

tative findings related to critical risks, semi-structured in-

terviews were conducted online via Zoom from June 5–8, 

2026, with a duration of approximately one hour for each 

expert. The interviews involved three experts from three 

different state-owned construction companies, each with 

direct experience in managing the modular construction 

supply chain, namely PT Waskita Beton Precast Tbk, PT 

Adhi Persada Gedung, and PT Pembangunan Perumahan 

(Persero) Tbk. These experts were selected using purpos-

ive sampling based on their experience in modular con-

struction and direct involvement in project execution; the 

group comprised a QHSE Manager, a Project Engineering 

Manager, and a Site Manager. 

The interview protocol focused on risks with the highest 

severity based on the Severity Index (SI) on the dimensions 

of cost, time, and quality impact. The main questions in-

clude: (1) “Based on the analysis, risk (X) has a high se-

verity level; do you agree with this finding and why?” and 

(2) “What is the underlying root cause of the issue in the 

field?” A semi-structured approach was selected to keep 

the interviews focused on research objectives while re-

maining flexible enough to explore the experts' experi-

ences in depth. This method creates an open discussion 

space, so that researchers can explore new information 

without limiting expert responses to standard questions. 

With the consent of the respondents, the interviews were 

audio-recorded and transcribed for analysis. Transcripts 

were analyzed thematically to identify patterns and risk 

factors, which were then categorized based on their impact 

on cost, time, and quality. The interview results were sub-

sequently integrated with quantitative findings to provide 

a contextual explanation of the factors underlying high risk 

severity levels, based on the SI observed in the field. 

All respondents and interviewees provided informed 

consent to participate after receiving an explanation of the 

research objectives, the procedures for completing the 

questionnaire or interview, and their right to refuse or with-

draw participation at any time without consequence. To 

maintain confidentiality, questionnaire respondents and in-

terviews were anonymized throughout the entire research 

reporting process. The data were afterward analyzed 

through the following stages, as shown in Fig. 2. 
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Fig. 2. Research Workflow 

 

1) Data Cleaning Stage 

The data cleaning stage is an important step in statistical 

analysis, as it aims to ensure data integrity before analysis. 

In research, collected data are often imperfect due to input 

errors, missing data, or extreme values (outliers) [33]. 

2) Statistical Test Stage  

Statistical testing in this study consisted of validity and 

reliability tests. Validity indicates the extent to which an 

instrument measures what it is intended to measure, 

whereas reliability indicates the consistency of the instru-

ment in measuring the same construct [34].  

3) Severity Index (SI) 

Based on the information gathered from the question-

naire, each risk's severity level is determined using the Se-

verity Index (SI) approach. The Severity Index (SI) values 

are classified into five levels: very rare/very small, 

rare/small, moderate, frequent/large, and very fre-

quent/very large. Based on [35], this classification em-

ploys a 20% threshold interval for each level, aligned with 

the 1–5 rating scale used in the questionnaire. Thus, the SI 

value range of 0–100% is divided evenly into five catego-

ries with equal interval widths. This approach is adopted 

to ensure consistency between the response scale provided 

by respondents and the interpretation of the resulting SI 

values. 

TABLE IV. 

SEVERITY INDEX PERCENTAGE PARAMETER VALUES 

No. 
SI percentage 

value 

Category 

Probability Impact 

1 0 % < SI ≤ 20 % Very rare (VR) Very small VS) 

2 20 % < SI ≤ 40 % Rare  (R) Small  (S) 

3 40 % < SI ≤ 60 % Moderate  (M) Medium (M) 

4 60 % < SI ≤ 80 % Frequent (F) Large  (L) 

5 80 % < SI ≤ 100 % Very frequent (VF) Very large (VL) 

The survey results were calculated using the Severity In-
dex formula for each variable, as follows: 

 𝑆𝐼 =
∑ 𝑎𝑖.𝑥𝑖5

𝑖=1

5 ∑ 𝑥𝑖5
𝑖=1

𝑥 100% (1) 

In which: 

ai = Assessment constant  

xi  = Respondent frequency 
i = 1,2,3,4,5,…,n 

4) Risk Level 
Once the frequency (probability) and impact values are 

obtained, the Severity Index (SI) results for the four varia-
bles (probability, as well as cost, time, and quality impacts) 
must first be converted to a 1–5 scale to represent the levels 
of risk probability and impact [35], as shown in Table V.  

TABLE V. 
SCALE CONVERSION OF SEVERITY INDEX CATEGORIES FOR RISK AS-

SESSMENT DETERMINATION 

No. 

Category Risk level 

conversion 

value 
Probability Impact 

1 Very rare (VR) Very small (VS) 1 

2 Rare (R) Small (S) 2 

3 Moderate (M) Medium (M) 3 

4 Frequent (F) Large (L) 4 

5 Very frequent (VF) Very large (VL) 5 

This converted value is then used as an input in Equation 

(2) to generate the R-value (risk score) for the three impact 

dimensions: cost, time, and quality.  

𝑅 = 𝑃 𝑥 𝐼 (2) 

In which: 
R = Risk Level  

P = Probability of the risk occurring 

I  = Impact level of the risk 

The R-value is subsequently plotted on the Probability-

Impact Matrix (PIM) to determine the risk level based on 

the zone occupied within the matrix: low risk (green zone, 

R = 1–4), medium risk (yellow zone, R = 5–9), and high 

risk (red zone, R = 10–25) [36], as shown in Fig. 3. This 

classification is applied consistently across the three im-

pact dimensions being assessed. 

 
Fig. 3. Probability Impact Matrix (PIM) 

III.  RESULTS  

A. Respondent Characteristics 

 

Fig. 4. Distribution of Respondents 

A total of 30 practitioners from five state-owned enter-

prise (SOE) construction companies in Jakarta, all experi-

enced in handling modular construction projects, partici-

pated in this study (Fig. 4). The majority of respondents 
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came from PT Waskita Beton Precast Tbk (33%). Table VI 

provides an overview of the respondents' demographics. 

TABLE VI. 

RESPONDENT CHARACTERISTICS (N=30) 

Characteristics Category n % 

Years of Experience in 
Construction 

<5 years 8 27% 

5–10 years 11 37% 

11–15 years 8 27% 

>15 years 3 10% 

Number of Modular 
Projects Involved In 

1–2 projects 17 57% 

3–4 projects 1 3% 

>5 projects 12 40% 

Years of Experience 
Handling Modular Pro-

jects 

<5 years 22 73% 

5–10 years 7 23% 

>15 years 1 3% 

Table VI shows that the majority of respondents had 5–

10 years of experience in construction (37%), had been in-

volved in one to two modular projects (57%), and had less 

than five years of experience handling modular projects 

(73%). These results indicate that the implementation of 

modular construction in Indonesia is still relatively new, so 

practitioners’ experience in this field remains dominated 

by less than five years of exposure. 

B. Boxplot Test 

 Data cleaning is an important step in statistical analysis 

to ensure data integrity. In research, collected data are of-

ten imperfect due to input errors, missing data, or unusual 

extreme values (outliers) [33]. A boxplot outlier test was 

carried out at the initial stage of statistical testing to iden-

tify outliers in the raw data [33], using SPSS 27 statistical 

software. The research data were derived from the re-

sponses of 30 respondents from five state-owned enterprise 

(SOE) construction companies.   

 
Fig. 5. Boxplot Diagram 

The boxplot test results show no extreme outliers, as no 

symbols  indicating extreme outliers were found beyond 

the whisker range for any of the variables, so the data were 

considered consistent and suitable for further analysis. Alt-

hough the distribution for the quality-impact variable is 

wider, this variation remains within a reasonable range and 

reflects differences in respondent perception. 

C. Missing Value 

Missing value handling is carried out in stages to ensure 

data completeness prior to further analysis, with the in-

spection and handling steps summarized in the following 

flowchart in Figure 6. 

 
Fig. 6. Flowchart of Missing Data 

1) Identifying the number of missing data in four variables 

An assessment of missing data was conducted across the 

four variables (probability, cost impact, time, and quality) 

to determine the quantity and percentage of incomplete 

data within the dataset prior to further analysis. Missing 

data reduces the amount of data that can be analyzed and 

has the potential to impact analysis results if not addressed 

[33]. This allows the number of data points for each varia-

ble to be determined, as presented in Table VII. 

TABLE VII. 

IDENTIFICATION NUMBER OF MISSING DATA 

Variable 
Number of 

Missing Data Missing Item 

Probability 1 DP1 

Cost Impact 3 DP1, IM1, IM3 

Time Impact 3 DP1, DP2, DP4 

Quality Impact 1 DP1 

2) The Missing Data Test 

Subsequently, the pattern of missing data is analyzed as 

part of the further data cleaning process. This stage aims to 

understand the characteristics of missing data that occur in 

the dataset, so that the most appropriate handling strategy 

can be determined. 

TABLE VIII. 

MISSING VALUE TEST RESULTS 

Variable 
A Little’s MCAR test 

(ρ > 0.05) 
Status 

Probability 0.994 MCAR 

Cost Impact 1.000 MCAR 

Time Impact 1.000 MCAR 

Quality Impact 0.917 MCAR 

Based on Table VIII, the test results show a relatively 

small proportion of missing values. Based on the results of 

Little's MCAR Test (ρ = 0.917–1.000; ρ > 0.05), the miss-

ing data are categorized as Missing Completely at Random 

(MCAR) [37].  

3) Median Imputation 

There were eight missing data points across the four var-

iables: probability, cost impact, time impact, and quality 

impact. Little’s MCAR test indicated that the missing data 

were Missing Completely at Random (MCAR) (p = 0.917–

1.000; p > 0.05). Given the ordinal Likert scale of the data, 

missing values were replaced with the median of valid re-

sponses for the corresponding item and variable using 

SPSS 27. This method was chosen because it is a compar-

atively more stable alternative that is robust to outliers (ex-

treme values) [38] and was considered suitable for further 

analysis. Consequently, all respondents (N = 30) were in-

cluded in the Severity Index (SI) calculation, ensuring that 

the imputed values were factored in as responses within the 

categorical distribution when computing the SI. 

D. Validity and Reliability Test 

The research instrument consists of 37 risk items 

grouped into seven risk categories, which serve as a clas-

(1)

Identifying the number 

of missing data in four 

variables 

(SPSS 27)

(2)

Test for missing data 

patterns 

(SPSS 27)

(3)

Imputation based on 

missing data patterns

(SPSS 27)
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sification framework. Each item was assessed on four var-

iables: probability of occurrence, cost impact, time impact, 

and quality impact. Because the items represent various 

types of risk, validity and reliability tests were conducted 

separately for each variable, each including all risk items, 

to assess the consistency of respondents' answers rather 

than to assume that all items form a single, homogeneous 

construct. 

Validity testing utilized Pearson item-total correlation 

with 30 respondents at a 5% significance level (r-table = 

0.361). The test results showed that DP1 (changes in pro-

ject design or scope) had an r-count of 0.120 and a signif-

icance value of 0.526 (>0.05), so it was excluded from the 

analysis. Contextually, the low correlation of DP1 suggests 

that this risk is subject to varied interpretations depending 

on the specific conditions of the project and the company.  

The removal of DP1 (design or project scope changes) 

does not eliminate the overall representation of the design 

and planning category. The four remaining items continue 

to represent this category: (1) Failure to establish design 

standards and specifications in the early project stage 

(DP2); (2) Suboptimal planning and scheduling of modular 

assembly (DP3); (3) Lack of detailed information in mod-

ular construction designs (DP4); and (4) Obstacles to de-

sign approval (DP5). The design change aspect remains 

conceptually covered in DP2 and DP4, as both items ad-

dress the issue of uncertainty in standards or specifications 

and limitations in design information detail, which are also 

related to the design change aspect [39]–[40]. 

Thus, 36 items were retained for subsequent analysis. 

Following the removal of DP1, validity and reliability tests 

were conducted separately for the four dimensions. Based 

on Table IX, Cronbach's Alpha values for the four dimen-

sions ranged from 0.955 to 0.982, indicating consistent re-

sponses across each dimension. 

TABLE IX. 

RELIABILITY TEST RESULTS 

Aspect 

Reliability Statistics 

Cronbach's 

Alpha 
N of Items Status 

Probability 0.975 36 Reliable 

Cost Impact 0.955 36 Reliable 

Time Impact 0.965 36 Reliable 

Quality Impact 0.982 36 Reliable 

To assess potential redundancy, an inter-item correla-

tion analysis was conducted, using an r-value > 0.90 as the 

threshold to flag potentially redundant item pairs. No pairs 

exceeding this threshold were found for cost impact or 

time impact; however, one pair was identified for proba-

bility (PM3–TP1, r = 0.906), and six pairs for quality im-

pact (EKS1–EKS2, TP4–EKS1, TP4–EKS2, LG1–EKS1, 

LG1–LG3, and TP4–IM4; r = 0.901–0.943). These items 

were retained because they represent distinct, albeit inter-

related, risks. High correlations may reflect risk interde-

pendencies within the supply chain, leading respondents to 

rate them similarly. Each risk was analyzed individually 

using the Severity Index rather than a composite score. 

Nevertheless, the potential for redundancy could not be 

eliminated and is acknowledged as a study limitation. 

E. Severity Index Analysis  

A Severity Index (SI) analysis was carried out to ascer-

tain the severity of each risk based on the gathered ques-

tionnaire responses after the data's validity and reliability 

had been verified. This allowed the risk-factor category 

values for each variable to be determined. Equation 1 was 

used to generate this SI analysis for the four variables: 

Probability (P), Cost Impact (CI), Time Impact (TI), and 

Quality Impact (QI), as shown in Table X. 

 
 

 
TABLE X. 

SEVERITY INDEX RESULTS 

Risk 

Code 

Severity Index (SI) 

𝑺𝑰 =
∑ 𝒂𝒊. 𝒙𝒊𝟓

𝒊=𝟏

𝟓 ∑ 𝒙𝒊𝟓
𝒊=𝟏

𝒙 𝟏𝟎𝟎% 
Scale Conversion 

Risk Level 

𝑹 = 𝑷 𝒙 𝑰 

P CI TI QI P CI TI QI 
Cost 

Impact 

Risk 

Level 

Time 

Impact 

Risk 

Level 

Quality 

Impact 

Risk 

Level 

DP2 38% 55% 54% 47% 2 3 3 3 6 Medium 6 Medium 6 Medium 

DP3 42% 55% 61% 45% 3 3 4 3 9 Medium 12 High 9 Medium 

DP4 43% 53% 50% 45% 3 3 3 3 9 Medium 9 Medium 9 Medium 

DP5 41% 43% 53% 40% 3 3 3 2 9 Medium 9 Medium 6 Medium 

PG1 46% 53% 59% 39% 3 3 3 2 9 Medium 9 Medium 6 Medium 

PG2 43% 55% 54% 37% 3 3 3 2 9 Medium 9 Medium 6 Medium 

PG3 58% 55% 61% 41% 3 3 4 3 9 Medium 12 High 9 Medium 

PG4 43% 49% 53% 47% 3 3 3 3 9 Medium 9 Medium 9 Medium 

PG5 36% 47% 55% 39% 2 3 3 2 6 Medium 6 Medium 4 Low 
PG6 41% 55% 49% 39% 3 3 3 2 9 Medium 9 Medium 6 Medium 

PG7 35% 46% 50% 37% 2 3 3 2 6 Medium 6 Medium 4 Low 

PM1 46% 56% 57% 39% 3 3 3 2 9 Medium 9 Medium 6 Medium 

PM2 35% 42% 49% 43% 2 3 3 3 6 Medium 6 Medium 6 Medium 

PM3 39% 54% 53% 59% 2 3 3 3 6 Medium 6 Medium 6 Medium 

PM4 37% 48% 51% 48% 2 3 3 3 6 Medium 6 Medium 6 Medium 

LG1 47% 58% 54% 37% 3 3 3 2 9 Medium 9 Medium 6 Medium 

LG2 39% 47% 57% 42% 2 3 3 3 6 Medium 6 Medium 6 Medium 

LG3 57% 61% 59% 40% 3 4 3 2 12 High 9 Medium 6 Medium 

LG4 43% 57% 51% 35% 3 3 3 2 9 Medium 9 Medium 6 Medium 
LG5 41% 47% 49% 51% 3 3 3 3 9 Medium 9 Medium 9 Medium 

LG6 48% 51% 56% 36% 3 3 3 2 9 Medium 9 Medium 6 Medium 

TP1 44% 54% 53% 57% 3 3 3 3 9 Medium 9 Medium 9 Medium 

TP2 34% 54% 53% 52% 2 3 3 3 6 Medium 6 Medium 6 Medium 
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Risk 

Code 

Severity Index (SI) 

𝑺𝑰 =
∑ 𝒂𝒊. 𝒙𝒊𝟓

𝒊=𝟏

𝟓 ∑ 𝒙𝒊𝟓
𝒊=𝟏

𝒙 𝟏𝟎𝟎% 
Scale Conversion 

Risk Level 

𝑹 = 𝑷 𝒙 𝑰 

P CI TI QI P CI TI QI 
Cost 

Impact 

Risk 

Level 

Time 

Impact 

Risk 

Level 

Quality 

Impact 

Risk 

Level 

TP3 44% 51% 58% 39% 3 3 3 2 9 Medium 9 Medium 6 Medium 

TP4 34% 38% 37% 35% 2 2 2 2 4 Low 4 Low 4 Low 

TP5 41% 54% 47% 31% 3 3 3 2 9 Medium 9 Medium 6 Medium 

IM1 44% 55% 56% 54% 3 3 3 3 9 Medium 9 Medium 9 Medium 

IM2 38% 47% 50% 41% 2 3 3 3 6 Medium 6 Medium 6 Medium 

IM3 40% 57% 55% 55% 2 3 3 3 6 Medium 6 Medium 6 Medium 

IM4 31% 47% 44% 31% 2 3 3 2 6 Medium 6 Medium 4 Low 

IM5 41% 50% 57% 71% 3 3 3 4 9 Medium 9 Medium 12 High 

IM6 40% 42% 43% 39% 2 3 3 2 6 Medium 6 Medium 4 Low 
EKS1 36% 46% 46% 35% 2 3 3 2 6 Medium 6 Medium 4 Low 

EKS2 41% 55% 50% 36% 3 3 3 2 9 Medium 9 Medium 6 Medium 

EKS3 51% 56% 47% 39% 3 3 3 2 9 Medium 9 Medium 6 Medium 

EKS4 39% 52% 57% 44% 2 3 3 3 6 Medium 6 Medium 6 Medium 

 
Fig. 7. Probability Impact Matrix (PIM) Cost Impact 

Fig. 8. Probability Impact Matrix (PIM) Time Impact  
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Fig. 9. Probability Impact Matrix (PIM) Quality Impact

The SI calculation results for the 36 supply chain risks 

show that the majority of risks fall into the medium risk 

level across all three impact aspects (cost, time, and qual-

ity), with scores R = P x I ranging from 6 to 9. This distri-

bution is supported by the Probability Impact Matrix (PIM) 

diagrams, in which most risks consistently fall within the 

yellow zone across all three aspects. This suggests that the 

majority of supply chain risks associated with the modular 

construction projects handled by the five state-owned en-

terprise (SOE) contractors in Jakarta, in this study, are at a 

moderate level and can therefore be mitigated through 

commonly applied control mechanisms, without requiring 

special handling. 

Only four risks were identified as High (R=12), while 

six other risks fall into the Low category (R=4). The four 

High-level risks show differing impact characteristics. 

LG3, with the highest cost-impact SI of 61%, is the only 

risk located in the red zone of the cost-impact PIM matrix 

(probability 3, impact 4). This condition indicates a risk 

that has the potential to cause significant cost overruns at 

the logistics stage. 

Risks DP3 and PG3 are the two highest risks affecting 

implementation time and are located at different supply 

chain stages, both falling within the red zone of the time-

impact PIM matrix, pointing to project schedule delay risk. 

Meanwhile, IM5 is the only risk indicated to affect project 

quality, with an SI of 71%, far exceeding the average qual-

ity-impact SI of other risks, which generally ranges be-

tween 31-59%. This is reinforced by the fact that IM5 is 

the only risk in the red zone of the quality-impact PIM ma-

trix. 

These findings indicate that a delay in module installa-

tion (IM5) is perceived by respondents as the highest-pri-

ority risk regarding quality impact. Meanwhile, the four 

risks classified as "High" overall demonstrate that critical 

risks within the modular integrated construction (MiC) 

supply chain are distributed across various impact areas 

throughout the supply chain stages. Furthermore, all three 

matrices consistently show that the majority of risks fall 

within the yellow zone. This indicates that MiC supply 

chain risks are generally assessed as moderate but still re-

quire attention, as risks in this zone have the potential to 

escalate into more serious issues if not properly managed. 

On the other hand, TP4 is recorded as having the lowest 

risk level across all three aspects (R-value = 4 for cost, 

time, and quality). These results indicate that the TP4 risk 

has a relatively lower chance of occurring and impact com-

pared to other TP risks.  

IV. DISCUSSIONS 

The findings of this study directly address the three gaps 

identified in the introduction. First, the risk-level assess-

ment across the three aspects (cost, time, quality) shows 

that critical risks are in fact distributed across different as-

pects (LG3 for cost, DP3 and PG3 for time, IM5 for qual-

ity). Previous studies had not specifically differentiated 

supply chain risk based on its impact on cost, time, and 

quality [1], [19], [26], [41]. Because of this, the differences 

in the impact of these risks have not yet been specifically 

identified (addressing gap 1). Second, the critical risk pat-

tern identified based on the experience of the five state-

owned enterprise (SOE) contractors handling modular 

construction projects in Indonesia differs from the pattern 

commonly reported in studies from developed countries 

(addressing gaps 2 and 3). A comprehensive study [18] on 

modular construction risk at the global level found that de-

sign and planning risk is the most critical category, 

whereas in this study, critical risks are spread across fac-

tors related to design and planning (DP3), procurement 

(PG3), logistics (LG3), and on-site installation (IM5). This 

difference is consistent with [7] and [9], which state that 

modular construction challenges in developing countries 

are more strongly influenced by limitations in the manu-

facturing ecosystem and supporting infrastructure. Con-

versely, in developed countries with a more established 

modular ecosystem, challenges tend to relate to the ma-

turity of the design process. 

A. Modular Construction Supply Chain Risk Related to 

Cost Impact 

Most risks affecting the cost impact of the modular con-

struction supply chain fall into the medium category, with 

one risk in the high category, LG3 (the long distance be-

tween the project site and the module production factory), 

and one risk in the low category is TP4 (modules arriving 

too early or delivery errors at the site). LG3 has the highest 
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cost-impact SI value among all 36 risk items, at 61%, with 

a probability score of 3 and an impact score of 4 (R=12), 

making it the only risk located in the red zone of the cost-

impact Probability Impact Matrix (PIM). Although LG3 is 

in the High category, while LG1 (module shipping cost 

overrun, SI = 58%, R = 9) is in the Medium category, the 

difference in SI values between the two is relatively small, 

namely only 3 percentage points (61% and 58%). This in-

dicates that the severity levels of the two risks are rela-

tively close, despite their placement in different PIM cate-

gories. This variance in severity implies that, rather than 

the delivery process itself, the distance between the manu-

facturer and the project site is the most significant differ-

entiator for the amount of the cost impact. 

The high-risk priority of LG3 indicates that the module 

delivery distance can increase transportation and logistics 

costs, as well as the potential for distribution delays. Inter-

view results with experts indicate that the limited number 

of modular factories in Indonesia forces projects to depend 

on specific production locations, so that inter-island ship-

ping or the use of more than one mode of transportation 

increases distribution costs and creates the potential for ad-

ditional costs due to delays or rescheduling of work. This 

is supported by [28], which identifies limited factory loca-

tions and the selection of optimal transportation routes as 

one of the main barriers to modular construction imple-

mentation in developing countries, given that the uneven 

distribution of modular manufacturing facilities forces pro-

jects to bear unavoidable long-distance distribution costs. 

This finding is consistent with [9], which states that trans-

portation and logistics are among the primary risks in the 

modular construction supply chain, since long delivery dis-

tances increase transportation costs, delay risk, and the risk 

of component damage during distribution. 

In contrast, TP4 is the risk with the lowest severity for 

cost impact (SI=38%, probability 2, impact 2, R=4), and is 

the only risk that falls into the Low category across all 

three aspects (cost, time, and quality). This is similar to 

[18], which states that the risk of modules arriving too 

early generally has no significant impact as long as ade-

quate buffer/hedging space is available at the project site 

to temporarily store modules before the installation sched-

ule arrives. Based on the interview results, experts noted 

that the availability of enclosed or open buffer space on-

site generally depends on project duration. For short-dura-

tion projects, open buffer space is typically used to facili-

tate module mobilization. Conversely, for longer-duration 

projects, construction companies provide sufficiently ade-

quate buffer space for module storage, allowing protection 

from external factors. 

This situation differs from that of LG3, which cannot be 

resolved merely through adjustments at the project site but 

requires changes to the factory location strategy or the 

choice of transportation mode [28]. A comparison between 

LG3 and TP4 reveals that cost risks in the modular inte-

grated construction (MiC) supply chain in Indonesia are 

not solely linked to technical constraints on-site; they are 

also influenced by regulatory limitations and the still-de-

veloping distribution of the modular manufacturing indus-

try [7]. These findings indicate that some cost risks are 

structural in nature and require supply-chain-level inter-

ventions, whereas others can still be managed through 

technical controls on-site. Similar patterns were observed 

regarding time and quality aspects, as discussed in the fol-

lowing section. 

B. Modular Construction Supply Chain Risk Related to 

Time Impact 

 On the other hand, there are two risks in the high cate-

gory for time impact: DP3 (suboptimal planning and 

scheduling of modular assembly; SI=61%, R=12) and PG3 

(delayed payment from the project owner; SI=61%, R=12). 

Therefore, it can be seen that DP3 and PG3 have the po-

tential to have a greater impact on project time than most 

other risks, as indicated by their high level of severity. 

However, PG1 (SI=59%) has a value close to that of PG3 

(SI=61%), with a relatively small difference in severity, 

even though they fall into different PIM categories. This 

occurs because risk categorization is based on the estab-

lished SI interval thresholds presented in Table IV. 

 The DP3 risk indicates that inadequate planning can dis-

rupt the coordination between production, delivery, and as-

sembly components; consequently, a single delay has the 

potential to constrain the entire project schedule. This sit-

uation reflects the highly interconnected nature of the pre-

fabricated construction supply chain, aligning with find-

ings [21], that a disruption at one stage can impact subse-

quent stages and extend the overall delay. Discussions with 

experts reveal that the creation of a Work Method State-

ment (WMS) relies heavily on the integration of modular 

construction production processes, the master work plan, 

the project's critical path, and all project phases. 

 Meanwhile, PG3 risks can disrupt project cash flow. 

This could disrupt material procurement, the production 

process, and module delivery, and delay implementation. 

This is supported by [42], which emphasizes the im-

portance of planning and coordination in modular con-

struction, and by [43], which states that smooth cash flow 

is a key factor in maintaining project continuity. It can be 

concluded that DP3 and PG3 exhibit different risk charac-

teristics one related to technical and planning aspects, the 

other to financial aspects yet both carry a high level of time 

risk. These findings indicate that delays in MiC projects 

can originate from different stages of the supply chain, so 

control priorities need to consider the characteristics of 

each risk.   

C. Modular Construction Supply Chain Risk Related to 

Quality Impact 

 Risk IM5 (delay in module assembly/installation; 

SI=71%, R=12) is the only risk in the high category related 

to quality impact, compared to other module installation 

risks, namely IM1 (SI=54%, R=9), IM2 (SI=41%, R=6), 

and IM3 (SI=55%, R=6) which are in the medium cate-

gory. Meanwhile, IM4 (SI=31%, R=4) and IM6 (SI=39%, 

R=4) fall into the low category. 

 This finding indicates that the installation stage is the 

most critical process in modular construction, as it strongly 

determines the quality of the final outcome. This is also 

supported by [16], regarding risk during the on-site assem-
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bly stage in MiC projects, which found that module instal-

lation mismatches and errors carry a high risk level among 

the installation risks studied, consistent with the findings 

of this study. 

 Experts suggest that limited assembly time can increase 

pressure on field teams to accelerate the installation pro-

cess. This can lead to geometric mismatches between mod-

ules and lapses in quality control (QC), ultimately resulting 

in rework and compromised final quality. This statement 

is supported by [18], which notes that a mismatch between 

the production schedule and field conditions is one of the 

risk factors with a serious impact at the installation stage, 

as it forces field teams to make alternative procedural de-

cisions in order to meet time targets. 

 Interview results with experts indicate that installation 

errors can lead to rework and reduced quality, while lim-

ited workforce competence increases the potential for er-

rors during the assembly process.  This finding is con-

sistent with [44], which states that the assembly stage is the 

phase most prone to defects, requiring quality control and 

improved workforce competence. 

V. CONCLUSIONS 

This study identifies and prioritizes risks in the modular 

construction supply chain based on the perceptions of 30 

practitioners from five state-owned enterprise (SOE) con-

tractors in Jakarta. A Severity Index analysis of 36 valid 

risk items reveals four risks falling into the high-severity 

category, distributed across different stages of the supply 

chain. Regarding cost, the risk associated with the long dis-

tance between the modular factory and the project site 

(LG3, logistics stage; SI = 61%) is the only high-severity 

risk. In terms of time, suboptimal assembly planning and 

scheduling (DP3, design and planning stage; SI = 61%) 

and delayed payments by the project owner (PG3, procure-

ment and payment stage; SI = 61%) fall into the high-se-

verity category. Meanwhile, regarding quality, delays in 

module installation (IM5, installation stage; SI = 71%) 

constitute the only high-severity risk. On the other hand, 

the risk of early arrival or incorrect delivery of modules at 

the site (TP4, transportation and delivery stage) is the only 

risk that is categorized as low in all three aspects (cost, 

time and quality impact). These findings indicate that crit-

ical risks in the MiC supply chain are multidimensional 

and distributed across various stages—ranging from logis-

tics, design and planning, and procurement and payment to 

installation—rather than being concentrated in any single 

stage of the supply chain. 

The results of exploratory interviews with three experts 

representing three of the five companies provide field con-

text that helps explain the findings. Regarding the risk as-

sociated with the distance between the modular factory and 

the project site (LG3) the experts pointed to the limited 

number of modular factories in Indonesia, which makes 

projects dependent on specific production locations and 

may require inter-island or multi-mode transport; this may 

increase distribution costs and add expenses from delays 

or rescheduling. Regarding the risk of less-than-optimal 

assembly planning and scheduling (DP3), the experts em-

phasized the importance of integrating work method state-

ments with the production process, master schedule, criti-

cal path, and project stages. Regarding PG3, the experts 

noted that delayed owner payments may hinder material 

procurement, production, and delivery, thereby stalling 

work execution. Regarding for the risk of assembly delays 

impacting quality (IM5), the experts explained that time 

constraints may force accelerated installation, increasing 

the likelihood of inter-module mismatches, QC oversights, 

and rework. Limited workforce competence can also 

heighten the risk of assembly errors. Conversely, regarding 

risk TP4, interviewees explained that long-duration pro-

jects generally offer adequate buffer space for module stor-

age, which is consistent with its low severity. 

These results' strategic ramifications highlight how cru-

cial stakeholder cooperation is to Indonesia's adoption of 

modular construction. In addition, contractors need to 

strengthen project planning, contract management, and 

supply chain coordination, while modular providers need 

to improve production capacity, technical support, quality 

control, and workforce competence to support the imple-

mentation of modular construction in Indonesia.  

This study has several limitations. First, respondents 

were drawn from only five state-owned enterprises (SOEs) 

in Jakarta; thus, the results may not necessarily be repre-

sentative of private companies or projects outside Jakarta. 

Second, the magnitude of financial losses and schedule de-

lays resulting from risks was not quantitatively measured. 

Third, the limited number of modular construction projects 

in Indonesia makes it difficult to find experienced respond-

ents. Consequently, this study relies on the perceptions of 

practitioners experienced in modular construction projects 

as the primary data source. Given the limited number of 

such practitioners and the need for in-depth information, 

respondents were selected using purposive sampling. Alt-

hough this approach is suitable for research involving prac-

titioners with specialized experience, the limited number 

and specific characteristics of the respondents may affect 

the stability of risk priority rankings and constrain the gen-

eralizability of the research findings. Fourth, the SI and 

PIM only rank risk priorities based on practitioner percep-

tions; they do not establish causal relationships, statisti-

cally compare risk categories or supply chain stages, or 

measure actual field failures. The findings should therefore 

be used to prioritize risk management. Further research is 

recommended to use larger samples covering various re-

gions, measure the magnitude of losses quantitatively, sim-

plify the questionnaire by combining or removing highly 

correlated indicators and then retest the instrument, and ap-

ply analyses that test causal relationships with real project 

performance data. 
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