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Operational risks in Engineering, Procurement, and Construction (EPC)
Article history firms are interconnected and may evolve through interactions among
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prioritization without explicitly representing potential feedback
relationships among risk factors. This study develops a qualitative causal
framework for operational risk in Indonesian EPC firms by integrating
expert-based risk-dimension validation with systems thinking and Causal

Keywords
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Mixed-method: Loop Diagram (CLD) modelling. The study employed a sequential two-
Operational risk; stage approach. First, a structured literature synthesis identified 15
Risk dynamics. operational risk dimensions, which were operationalized into 45

measurement items and assessed by seven EPC experts using Content
Validity Ratio (CVR), Content Validity Index (CVI), and Relative
Importance Index (RII). Five core dimensions were retained: Strategic &
Business Risk, Human Resource Risk, Customer & Stakeholder Risk,
Environmental & Sustainability Risk, and Reputational Risk. Second, the
validated dimensions were incorporated into an influence diagram and
subsequently developed into a CLD. Causal directions and polarities were
established through conceptual definitions, EPC operational knowledge,
risk-management principles, and expert-based structural verification rather
than inferred from CVR, CVI, or RII results. The resulting CLD identifies
one potential reinforcing mechanism associated with risk escalation and
two potential balancing mechanisms associated with governance-based and
reputation-driven corrective responses. The study contributes an expert-
verified qualitative causal architecture that extends operational risk
assessment from variable identification toward a systems-based
representation of potential feedback mechanisms. Historical pattern
assessment showed directional consistency for 13 of 14 loop-specific
causal relationship instances, with R1 partially supported and B1 and B2
showing consistent historical patterns.
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1. Introduction

Engineering, Procurement, and Construction (EPC) companies operate in complex and
unpredictable environments with numerous projects running concurrently, interrelations between
stakeholders, and changing external circumstances (Oktafiansyah & Patriadi, 2025; Subiyanto, 2021).
In these circumstances operational hazards seldom occur in isolation but rather emerge as interlinked
phenomena developing through cascading consequences across multiple projects and organizational
levels. Such disruptions as delay in supply chain, volatility in workforce or disagreement amongst
stakeholders may percolate through project operations so hindering project performance, profitability
and long-term sustainability of the company (Xia et al., 2022).

The majority of present research relies on a static paradigm, which considers hazards as distinct
factors that can be detected, categorized, and treated separately (Yang et al., 2026). This is despite the
reality that operational risk management is of utmost importance in EPC settings. However, although
these approaches are valuable to detect potential dangers they cannot provide a complete knowledge
of the relationships, mutual reinforcement or dynamic evolution of risks over time. This constraint
turns into a very difficult challenge for Indonesian EPC companies, due to the complexity of
operational risk behavior caused by multi-project execution, resource limits, and environmental
unpredictability (Shahzad et al., 2026; Zhang et al., 2025).

The COSO ERM and ISO 31000 ERM frameworks emphasize governance, integration and
continuous improvement in the management of organizational risks (Ayu et al., 2024). But in practice,
they tend to be used as procedural guides rather than as decision-support systems that can adapt to
evolving risk contexts, thus reducing the usefulness of these frameworks. Thus, organizations can
know ‘what risks are there’, but have difficulty knowing ‘how risks behave’ and ‘which leverage
points are most effective’ to intervene. This gap in understanding can lead to insufficient responses to
emergent threats that eventually undermine the organization’s resilience. To address this gap, firms
must establish a culture of risk awareness and flexibility, creating an atmosphere that encourages data-
driven insights in strategic decision-making (Alsarayreh et al., 2025; Chigbu & Makapela, 2025).

To bridge this gap, systems thinking and causal loop diagrams (CLDs) offer a promising method
by the possibility to describe feedback processes and dynamic interactions between risk factors
(Nurhidayat et al., 2024). CLDs help identify reinforcing loops that lead to risk escalation and
balancing loops that help to stabilize system behavior. However, the empirical basis for the risk
variables used in CLD investigations is generally limited since they are either unvalidated or arbitrarily
chosen. To improve the robustness of these models, it is important to include validated risk variables
that represent actual world conditions. This empirical base will not only allow a greater precision in
the treatments but also a more complex understanding of the complicated processes (Pinho, 2015).

Among alternative modelling approaches, CLD was selected because the objective of this study
is to represent aggregate feedback structures and endogenous interactions among operational risk,
management responses, and organizational outcomes, rather than to model individual agent behavior
or estimate probabilistic dependencies. Agent-based modelling is more appropriate when
heterogeneous actors and micro-level decision rules are central to the research question, whereas
Bayesian networks primarily emphasize probabilistic dependencies and uncertainty propagation. CLD
is therefore appropriate at this stage because the present study focuses on identifying feedback
structures, causal polarity, and potential reinforcing and balancing mechanisms as a precursor to
subsequent quantitative stock-and-flow modelling.

This work aims at filling the observed gaps by proposing an integrated mixed-method approach
combining expert-based validation of operational risk dimensions with qualitative causal modeling.
Specifically, this study will seek to accomplish the following.

1. The first stage is to identify and validate the fundamental operational risk factors relevant to
Indonesian EPC companies.
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2. The directional causal links that exist between the validated risk dimensions, operational
conditions and management-related variables should be determined by using an influence
diagram.

3. Moreover, a qualitative Causal Loop Diagram (CLD) should be built to identify possible
reinforcing and balancing feedback processes within the operational risk system

This study makes three key contributions. First, it provides a validated and context-specific set
of operational risk dimensions for EPC firms. Second, it establishes an explicit methodological
separation between quantitative risk-dimension screening and qualitative causal-structure
development, thereby avoiding the inference of causal polarity from content-validity and importance
measures. Third, it provides a qualitative systems-based representation of potential operational risk
feedback mechanisms, offering a conceptual foundation for subsequent stock-and-flow modelling and
empirical calibration.

2. Method

2.1.Research Design and Analytical Framework

This study employed a sequential mixed-method design in which quantitative expert-based
validation was followed by qualitative causal modelling. The methodological sequence was designed
to address two analytically different questions. The first question concerns which operational risk
dimensions are sufficiently relevant and important to represent the core risk structure of Indonesian
EPC firms. The second concerns how the validated risk dimensions may interact through causal
relationships and feedback mechanisms.

Accordingly, the research was conducted in two sequential stages. Stage 1 focused on the
identification and quantitative screening of operational risk dimensions. An initial set of 15
dimensions was derived from a structured synthesis of the literature and operationalized into 45
measurement items in Fig. 1. Seven EPC experts subsequently evaluated the items using Content
Validity Ratio (CVR), Content Validity Index (CVI), and Relative Importance Index (RII). The
purpose of these measures was to establish the content validity, relevance, and perceived importance
of the candidate risk dimensions.
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Fig. 1. Analytical Sequence of The Study
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The output of Stage 1 was a parsimonious set of five core operational risk dimensions. These
dimensions were then transferred to Stage 2, in which their causal relationships were examined
through an influence diagram and subsequently represented as a Causal Loop Diagram (CLD).
Importantly, the two stages serve different methodological purposes. CVR, CVI, and RII were not
used to determine causal direction or causal polarity. Instead, they were used to establish the empirical
and content-validity basis for selecting the variables to be included in the subsequent causal model.
Causal directions and polarities were developed separately through theoretical reasoning, EPC
operational knowledge, logical cause—effect interpretation, and expert structural verification. The
analytical sequence can therefore be represented in Fig. 1. This sequencing ensures that the causal
model is not constructed from an arbitrary selection of risk factors while also avoiding the
methodological assumption that content-validity statistics can establish causality.

2.2. Expert Selection and Data Collection

A purposive expert selection strategy was employed to obtain domain-specific judgments
regarding operational risks in EPC environments. Seven experts participated in the quantitative
screening and subsequent structural assessment. The selection criteria were consistent with the
requirements used in the earlier risk-dimension validation process: a minimum of 10 years of EPC-
related experience, involvement in risk management or project governance, and professional
experience in functions relevant to EPC project delivery, such as project management, risk
engineering, and contract management.

The use of a relatively small expert panel was intentional because the study required specialized
domain judgement rather than population-level statistical inference. The experts evaluated the
candidate risk items in terms of their essentiality, relevance, and practical importance within EPC
operations. For Stage 2, the same expert knowledge base was used to examine the structural
plausibility of the proposed causal relationships. The experts were asked to assess whether the
proposed directional relationships were logically consistent with EPC operational experience and
whether the resulting feedback structures were meaningful within the organizational context. The
expert assessment at this stage should therefore be distinguished from the quantitative validation
conducted in Stage 1. The Stage 1 assessment provides evidence for variable selection, whereas the
Stage 2 assessment provides structural and face validation of the proposed causal relationships.

2.3.Instrument Development Stage 1: Risk-Dimension Screening

The initial risk structure was developed through a structured literature synthesis of operational
risk, construction risk, Engineering, Procurement, and Construction (EPC) project risk, and risk
management in project-based organizations. The literature search was conducted using Scopus,
Semantic Scholar, and Google Scholar as the principal academic databases and covered the
predefined review period of 2010-2025. The database-specific search strings and search parameters
are reported in Table 1 to support transparency and reproducibility.

Table 1. Database Search Strategy

Database Search string Review period
Scopus TITLE-ABS-KEY (("operational risk" OR "operational risks") AND ("EPC" 2010-2025
OR "engineering procurement construction") AND ("risk factor*" OR "risk
dimension*" OR "risk management"))

Semantic "Operational risk" EPC "risk factors" 2010-2025
Scholar
Google "Operational risk" EPC "risk factors" 2010-2025
Scholar

Studies were considered eligible when they (i) addressed operational, construction, project, or
organizational risks relevant to EPC or project-based environments; (ii) provided identifiable risk
factors, dimensions, or constructs that could be conceptually classified; (iii) were published within
the predefined review period; and (iv) were available as peer-reviewed academic publications.
Studies were excluded when they (i) were outside the EPC or project-based risk context; (ii) did not
provide identifiable risk-related variables; (iii) were duplicate records; or (iv) were non-peer-
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reviewed publications or otherwise outside the predefined scope. The inclusion and exclusion criteria
are summarized in Table 2.

Table 2. Inclusion and Exclusion Criteria for Literature Screening

Criterion Inclusion Exclusion
Context EPC, construction, project-based organisations Non-project/non-EPC contexts
Topic Operational/project/organisational risk Studies without identifiable risk variables
Publication Peer-reviewed academic publications Non-peer-reviewed publications
Period 2010-2025 Outside review period
Relevance Provides identifiable risk dimensions/factors No relevant risk constructs
Duplicate — Duplicate records

The identification and screening process followed the PRISMA framework to improve
transparency and reproducibility. The search initially identified 470 records. After duplicate removal
and title/abstract screening, 200 records proceeded to full-text assessment, of which 30 studies met
the eligibility criteria and were included in the final synthesis. The complete identification, screening,
eligibility, and inclusion process is presented in the PRISMA flow diagram in Fig. 2.

g Record identified through Additional records identified
B database searching through other sources
& (n=400) (n=70)
=
(=
(7]
: |
Record after duplicates removed
(n=320)
oo
[=
= l
o
E Records screened Records excluded
(n=320) (n=120)
l X Full-text articles
2 FuII-tde:t ar:_'c!sél, excluded for
E assessed for eligibility eligibility
2 (n=200) (n=170)
w
= Studies included in
5 qualitative synthesis
3 (n=30)
f=4

Fig. 2. PRISMA Flow Diagram of The Literature Identification and Screening Process

The eligible studies were subsequently synthesized to identify recurring operational risk factors
and conceptually related variables. Similar risk factors were consolidated and grouped according to
their underlying conceptual meaning and relevance to EPC operations. This synthesis yielded an initial
set of 15 operational risk dimensions covering internal organizational capabilities and external
uncertainty pressures in Table 3 Strategic & Business Risk, Financial & Market Risk, Human
Resource Risk, Customer & Stakeholder Risk, Environmental & Sustainability Risk, Reputational
Risk, Supply Chain & Logistics Risk, Technology & Cyber Risk, Legal & Contractual Risk,
Governance & Compliance Risk, Process & Internal Control Risk, Operational Continuity Risk,
Information & Knowledge Management Risk, Innovation & R&D Risk, and External Environment
Risk.

Drajat Indrajaya (From Static Risk Lists to Dynamic Risk Behavior: An Integrated Mixed-Method and Causal Loop
Modeling Approach for Operational Risk in Indonesian EPC Firms)



Spektrum Industri

329
Vol. 24, No. 2, 2026, pp. 324-343
Table 3. Mapping of Operational Risk Dimensions from Structured Literature Review
No Risk Dimension Conceptual Definition (EPC Context) Reference
Risks arising from strategic misalignment, (Davies . &
. . . . - Mackenzie,
1 Strategic & Business Risk market uncertainty, and competitive )
dvnamics 2014; Too &
Y Weaver, 2014)
. . . Risks related to cost overruns, funding (Love et al,
2 Financial & Market Risk constraints, and economic fluctuations 2022)
(Jian et al,
. Workforce-related risks including skill gaps,  2025;
3 Human Resource Risk labor shortages, and productivity issues O’Sullivan,
2010)
(Francisco de
Risks from stakeholder conflicts, client Oliveira &
4 Customer & Stakeholder Risk Lo . L ’ . Rabechini,
dissatisfaction, and coordination complexity
2019; Yuan et
al., 2021)
(Hwang &
Tan, 2012;
. . . . . Mochamad
5 Environmental & Sustainability Risk Risks assocu.ited with env1ronmen.t al impact, Agung
regulations, and ESG compliance .
Wibowo &
Marah Ali
Ammar, 2025)
. . Risks affecting organizational credibility and  (Hanay et al.,
6 Reputational Risk long-term trust 2024)
(Ivanov &
. . . Risks related to procurement delays, material ~ Dolgui, 2020;
7 Supply Chain & Logistics Risk shortages, and logistics disruptions Sultana et al.,
2024)
(Chien et al,
Risks from system failures, digitalization, and 2014;
8 Technology & Cyber Risk Y res, dig ’ Oesterreich &
cybersecurity threats
Teuteberg,
2016)
Risks arising from contract disputes, legal (Dong et _al.,
9 Legal & Contractual Risk : L 2025; Sabri et
uncertainty, and regulatory issues
al., 2025)
(Bromiley et
10 Governance & Compliance Risk Risks related to weak internal coqtrol systems  al., ‘ 2015;
and regulatory non-compliance Soltanizadeh
et al., 2016)
(Antunes &
. . . Gonzalez,
11 Process & Internal Control Risk Risks from mefﬁmgnt processes and lack of 2015; Huang
operational control
& Wang,
2025)
(Awang Ali et
12 Operational Continuity Risk Risks affecting cpntmulty o.f operations and al., . 2023;
project execution Torabi et al,
2014)
(Khoa &
13 Information & Knowledge Management Risks related to poor data management and Chinda, 2023;
Risk knowledge transfer failure Smith &
Brooks, 2013)
(Marle &
14 Innovation & R&D Risk Risks asspmated .w1th adpptlon of new Vidal, 2016;
technologies and innovation uncertainty Wang et al,
2023)
(Kabirifar &
. . Risks from political, economic, and macro- Mojtahedi,
15 External Environment Risk environmental uncertainty 2019; Moon &

Krahel, 2020)
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To ensure content representativeness and minimize single-item bias, each dimension was
operationalized through three representative measurement items, resulting in 45 items. These items
were subsequently subjected to expert-based quantitative screening using CVR, CVI, and RII in Stage
1. Three standard measures were used for quantitative screening. First, to find out the expert’s
agreement on the essentiality of each item, the Content Validity Ratio (CVR) was calculated Shrotryia
& Dhanda (2019) in Eq. (1).

Ne—(N/2)
CVR = —*2
N/2 (1)

where n, is the number of experts indicating that an item is essential and N is the total number of
experts? For the seven-expert panel, the study adopted the predefined criterion of CVR > 0.62 for
retaining an item (Samad et al., 2023). The CVR threshold was applied at the individual-item level
rather than to the dimension-level average. At the dimension level, retention was determined by
considering the number of items meeting the CVR criterion together with the dimension-level CVI
and RII results.

Second, the Content Validity Index (CVI) was calculated to assess relevance (Almanasreh et
al.,2022). The Item-CVI (I-CVI) was computed as the proportion of experts rating an item as relevant
in Eq. (2).

Ny
I -CVI=—
N )
where n, represents the number of experts rating the item as relevant.

At the dimension level, the Scale-level Content Validity Index based on the average method was

calculated as in Eq. (3).

YI1-cCVvI
k €)

where k is the number of items representing the dimension? The predefined criteria were I-CVI >
0.78 and S-CVI/Ave > 0.80 (Shrotryia & Dhanda, 2019).

S—CVI/Ave =

Third, The RII was used to assess the perceived practical importance of the risk dimensions
Khatib et al. (2020) Eq. (4).

Yw
RIl = — (4)

AxN

where w the weight assigned by experts, A is the maximum possible weight, and Nis the number of
experts. The three measures were interpreted jointly rather than as independent causal indicators.
CVR and CVI establish whether the dimensions and their items are sufficiently essential and relevant,
while RII provides an indication of their perceived practical importance. The resulting five
dimensions with the strongest combined support were: Strategic & Business Risk; Human Resource
Risk; Customer & Stakeholder Risk; Environmental & Sustainability Risk; and Reputational Risk.
These five dimensions constituted the validated input variables for Stage 2.

2.4. Stage 2: From Validated Risk Dimensions to Causal Structure

Stage 2 was designed to translate the validated risk dimensions into a qualitative causal
structure. Unlike Stage 1, this stage did not seek to calculate the statistical significance or importance
of causal relationships. Instead, it examined how the validated risk dimensions could logically
interact with organizational states and outcomes in an EPC environment. The process consisted of
three sequential steps.

Step 1 — Causal Conceptualization

The five validated risk dimensions were first interpreted in relation to the broader operational
risk system. Causal reasoning considered the operational meaning of each dimension and its expected
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directional relationship with Operational Risk Exposure, Project Failure, Profitability, Risk
Investment, Risk Maturity, and Business Continuity. For example, an increase in Strategic &
Business Risk, Human Resource Risk, Customer & Stakeholder Risk, Environmental &
Sustainability Risk, or Reputational Risk was conceptually expected to increase overall Operational
Risk Exposure. This relationship was therefore represented as a positive causal influence.
Conversely, stronger governance mechanisms and risk-management capability were conceptualized
as reducing risk exposure and increasing risk maturity. At this point, the analysis remained
conceptual. No causal direction was inferred from CVR, CVI, or RIL

Step 2 — Influence Diagram Development

The causal reasoning was subsequently represented in an influence diagram to establish the
directional structure before introducing feedback loops. The influence diagram distinguishes the
principal categories of variables according to their modelling roles: Oval - uncertainty/chance
variables representing the five validated operational risk dimensions; Rounded rectangle -
intermediate system variables, including Operational Risk Exposure, Project Failure, Profitability,
Risk Investment, and Risk Maturity; Rectangle - management decision variables or intervention
mechanisms; Hexagon/diamond - organizational objective, represented by Business Continuity; and
Arrows - directional influence relationships between variables.

This representation provides an intermediate analytical layer between quantitative risk-
dimension validation and CLD development. It establishes what influences what before asking how
those influences may generate feedback behavior. The influence diagram therefore functions as a
structural bridge between Stage 1 and the CLD rather than as a direct statistical output of the
CVR/CVI/RII analysis.

2.5.Mechanism for Determining Causal Polarity
2.5.1. Principle of Causal Polarity

After the directional structure had been established, each influence arc was assigned a causal
polarity of either positive (+) or negative (—). A positive (+) causal relationship means that, all else
being equal, an increase in the source variable is conceptually associated with an increase in the
receiving variable, while a decrease is associated with a decrease. A negative (—) causal relationship
means that an increase in the source variable is conceptually associated with a decrease in the
receiving variable, while a decrease is associated with an increase. For example, in Eq. (5).

Risk Dimension (+) — Operational Risk Exposure 5)
indicates that greater exposure to the corresponding risk dimension is expected to increase aggregate
operational risk exposure. Similarly, in Eq. (6). indicates that stronger risk-management maturity is
expected to reduce operational risk exposure. The polarity therefore expresses directional causal
logic, rather than statistical correlation.

Risk Maturity (—) - Operational Risk Exposure ©6)

2.5.2. Basis for Causal Polarity

This means that CVR, CVI, and RII do not determine polarity. Instead, they determine which
variables have sufficient support to enter the causal model. The causal modelling stage begins only
after the five core dimensions have been established. The four sources were considered collectively
to ensure that each causal link was grounded in a clear conceptual rationale, operational relevance,
established theoretical foundations, and expert judgment. This triangulation helped maintain
consistency between the meaning of each variable and the direction of its proposed causal influence,
while reducing the risk of assigning polarity based solely on subjective interpretation. The polarity
assignment followed four complementary sources of reasoning in Table 4.
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Table 4. Basis for Determining Causal Polarity
Basis Function in the model
Conceptual definition of variables Establishes the meaning and direction of each construct

Determines whether the proposed direction is plausible in EPC

EPC operational knowledge -
operations

Provides theoretical support for governance, mitigation, maturity, and

Risk-management th o . ;
s geme eory resilience relationships

Assesses whether the proposed directional relationship and polarity are
credible and logically consistent with EPC operational experience.
Expert structural verification Causal polarity was therefore assigned through a triangulation of
conceptual, theoretical, operational, and expert-based reasoning rather
than through a single quantitative criterion.

2.5.3. Structural Verification of Causal Relationships

The preliminary influence structure and causal polarities were reviewed by the expert panel to
assess whether the proposed relationships were: Conceptually understandable; Directionally
plausible; Consistent with EPC operational experience; Compatible with risk-management
principles; and structurally consistent when connected into feedback loops. Where a proposed
relationship was considered ambiguous, its conceptual definition and causal direction were
reconsidered before the CLD was finalized. This procedure constitutes expert-based structural/face
validation, rather than statistical validation of causal effects. Consequently, the resulting CLD should
be interpreted as a qualitative conceptual model of potential causal mechanisms, not as an empirically
calibrated dynamic model.

2.6. Causal Loop Diagram Development

Following structural verification, the influence diagram was extended into a Causal Loop
Diagram by retaining the validated directional relationships and introducing causal polarities and
closed feedback structures. The CLD was developed to identify two types of feedback:

2.6.1. Reinforcing Loop (R)

A reinforcing loop represents a feedback structure in which the combined causal relationships
tend to amplify the initial direction of change. The principal reinforcing mechanism identified in this
study in Eq. (7).

Operational Risk Exposure (+) — Project Failure (+) — Profitability(—)

— Risk Investment (+) - Risk Maturity (+) 7
— OperationalRisk Exposure(—) (7

The interpretation is that increasing risk exposure can contribute to project failure and declining

profitability. Lower profitability may constrain risk investment, which may weaken risk-
management maturity and subsequently increase risk exposure further.

2.6.2. Balancing Loop (B)
A balancing loop represents a feedback structure in which the combined causal relationships
tend to counteract the initial change. The principal governance-based mechanism in Eq. (8).

Operational Risk Exposure (+) - Management/Governance Decision (+)
— Risk Investment(+) — Risk Maturity (+)

— Operational Risk Exposure(—) 8)
A second balancing mechanism incorporates reputational pressure in Eq. (9).
Operational Risk Exposure (+) - Reputational Risk (+) - Governance Attention(+)
— Risk Investment(+) — Risk Maturity (+)
- Operational Risk Exposure(—) ©)

These loops are interpreted as potential mechanisms, rather than empirically demonstrated
dynamic trajectories.
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2.7. Historical Pattern Validation

To assess the empirical plausibility of the proposed causal structure, a retrospective historical
pattern validation was conducted using available EPC project records. The purpose of this analysis
was not to estimate causal effect sizes or statistically prove causality, but to examine whether the
directional patterns represented in the CLD were consistent with observed historical project behavior.

Historical observations were organized according to the principal variables and feedback
mechanisms represented in R1, B1, and B2. For each causal pathway, the expected directional pattern
was compared with the corresponding historical pattern. Each relationship was classified as consistent,
partially consistent, not observed, or insufficient evidence. A feedback loop was considered
historically supported when its principal directional relationships showed sufficient consistency across
the available observation periods. This procedure provides retrospective evidence regarding the
structural plausibility of the proposed CLD while maintaining the distinction between historical
pattern consistency and statistical causal inference in Table 5.

Table 5. Historical Pattern Validation of the Proposed Causal Relationships

Loop  Causal relationship  Expected Historical Observed Consistency Evidence basis

polarity pattern lag
R1 Operational Risk Exposure 1 2 months Consistent Project risk &
Exposure — Project + — Project performance
Failure Failure 1 records
R1 Project Failure — Project 1 month Consistent Project financial
Profitability _ Failure T — records
Profitability
l
R1 Profitability — Risk Profitability 1 month Partially Financial & risk-
Investment |- consistent investment
Investment records
b
subsequent
+ investment
recovery
occurred
before full
profitability
recovery
R1 Risk Investment — Risk Risk 3 months Consistent Risk investment &
Maturity N Investment 1 maturity
— Risk assessment
Maturity 1
R1 Risk Maturity — Risk 2 months Consistent Risk register &
Operational Risk _ Maturity 1 maturity records
Exposure — Exposure
i
B1 Operational Risk Exposure 1 1 month Consistent Risk
Exposure — — committee/action
Management/Governance + Management records
Decision intervention
T
Bl Management/Governance Management 1 month Consistent Management
Decision — Risk n intervention decision & budget
Investment 1 — Risk records
Investment 1
B1 Risk Investment — Risk Risk 3 months Consistent Investment &
Maturity N Investment 1 maturity records
— Risk
Maturity 1
B1 Risk Maturity — Risk 2 months Consistent Risk & maturity
Operational Risk _ Maturity 1 records
Exposure — Exposure
i
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Loop  Causal relationship  Expected Historical Observed Consistency Evidence basis

polarity pattern lag
B2 Operational Risk Exposure 1 1 month Consistent Incident/complaint
Exposure — n — records
Reputational Risk Reputational
Risk 1
B2 Reputational Risk — Reputational 1 month Consistent Governance
Governance Attention n Risk T — records
Governance
Attention
B2 Governance Attention — Governance 1 month Consistent Governance &
Risk Investment n Attention 1 budget records
— Risk
Investment 7
B2 Risk Investment — Risk Risk 3 months Consistent Investment &
Maturity Investment 1 maturity records
+ .
— Risk
Maturity 1
B2 Risk Maturity — Risk 2 months Consistent Risk & maturity
Operational Risk _ Maturity 1 records
Exposure — Exposure
!

The historical pattern assessment showed that 13 of the 14 loop-specific causal relationship
instances shown in Table 5 with the observed project patterns, while one relationship was classified
as partially consistent. The partially consistent relationship involved Profitability — Risk Investment,
where the initial decline in profitability was accompanied by lower risk investment, but subsequent
investment recovery was not fully synchronized with profitability recovery. At the loop level, B1
and B2 showed consistent historical patterns, whereas R1 was classified as partially supported. These
findings indicate that the proposed feedback structures are broadly compatible with the observed
historical behavior, while also suggesting that risk-investment decisions may be influenced by factors
beyond profitability alone.

2.8. Time-Delay Treatment and Interpretation

Because the causal relationships represented in the CLD do not necessarily operate
instantaneously, temporal separation between source and receiving variables was explicitly
considered. For each proposed relationship X — Y, the historical sequence was represented as X; —
Y: .. , where 7 denotes the observed temporal lag.

Table 6. Operationalization of Time-Delay Treatment

Aspect Treatment applied in the study
Temporal unit Monthly project observations
Causal
representation Xe = Yeao
Candidate lag 0-3 monthly observation periods
Lag identification =~ Temporal separation between source-variable change and subsequent receiving-variable change
Lag selection Based on the observed historical sequence consistent with the proposed causal mechanism. A

candidate lag was retained when the temporal ordering of the observed source and receiving
variables was consistent with the proposed causal direction and was repeatedly observable within
the available project record

Missing temporal Classified as insufficient evidence; no assumed lag assigned
evidence
CLD Delays represent temporal separation, not statistically estimated causal parameters
interpretation
Generalization Observed lags are project/data-specific and are not assumed to be universal EPC parameters

The lag was identified from the temporal separation between a relevant change in the source
variable and the subsequent change in the receiving variable. Candidate lags were examined using
the available historical observation periods. Where temporal precedence could not be established, no
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lag was assigned and the relationship was classified as insufficient evidence. The operational
treatment of temporal delays is summarized in Table 6. The resulting lag values provide temporal
information for interpreting R1, B1, and B2. They are treated as observed historical characteristics
rather than statistically calibrated causal parameters and are therefore not assumed to be universally
applicable across EPC organizations.

2.9.Scope and Interpretation of the CLD

The resulting CLD is a qualitative and conceptual causal model. It does not estimate causal effect
sizes, probability distributions, equilibrium states, or dynamic trajectories. Although observed
temporal lags were examined retrospectively, the CLD does not incorporate statistically calibrated
delay functions or dynamic delay parameters. The purpose of the CLD at this stage is to identify the
principal operational risk variables, directional relationships, potential reinforcing and balancing
mechanisms, and potential management leverage points. The study does not claim to simulate the
dynamic behavior of Indonesian EPC firms. Rather, it establishes a validated qualitative causal
structure that identifies potential feedback mechanisms and provides a foundation for subsequent
stock-and-flow simulation and empirical calibration. Future research may extend the CLD into a
stock-and-flow model using historical EPC project data, time-series information, and empirically
estimated parameters to examine delay effects, scenario behavior, and policy interventions.

3. Results and Discussion

3.1. Validation and Screening of Operational Risk Dimensions

The first stage of the analysis aimed to identify the core operational risk dimensions that provide
a sufficiently relevant representation of operational risk in Indonesian EPC firms. Based on the
structured literature synthesis, fifteen candidate dimensions were initially identified and
operationalized into 45 measurement items, with three items representing each dimension in Table 7.
These dimensions covered strategic, financial, human-resource, stakeholder, environmental,
reputational, supply-chain, technological, contractual, governance, process, continuity, information,
innovation, and external-environment risks. The 45 items were assessed by seven EPC experts using
three complementary indicators: Content Validity Ratio (CVR), Content Validity Index (CVI), and
Relative Importance Index (RII). CVR assessed item essentiality, CVI assessed item relevance and
representativeness, and RII assessed perceived practical importance. These measures were used
exclusively for quantitative screening and content assessment; they were not used to infer causal
direction or causal polarity. The screening process resulted in five core dimensions being retained in
Table 7: Strategic & Business Risk, Human Resource Risk, Customer & Stakeholder Risk,
Environmental & Sustainability Risk, and Reputational Risk. The retained dimensions showed
comparatively stronger support across the screening criteria than the other candidate dimensions.

The results indicate that the operational risk structure identified in this study encompasses both
internal organizational capabilities and external relational pressures. Strategic & Business Risk and
Human Resource Risk represent internal organizational and capability-related exposure, whereas
Customer & Stakeholder Risk, Environmental & Sustainability Risk, and Reputational Risk capture
broader relational, environmental, and legitimacy-related pressures. This combination suggests that
operational risk in the EPC context is not adequately represented by project execution factors alone
but also involves organizational and external interactions. The remaining ten dimensions were not
retained under the predefined screening criteria. Their non-retention should not be interpreted as
evidence that these risks are universally unimportant. Rather, the results indicate that, within the expert
assessment and operational context examined in this study, they did not receive sufficient support to
be retained as standalone core dimensions. Their potential overlap with the retained dimensions
therefore warrants further investigation rather than categorical exclusion. The five retained
dimensions subsequently served as the core risk variables for Stage 2. Importantly, their retention
establishes the relevance and importance of the variables, but does not establish causal relationships
among them. The causal architecture is therefore developed separately through theoretical reasoning,
EPC operational knowledge, and structural examination of directional relationships in the subsequent
influence diagram.
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Table 7. Screening Results of Operational Risk Dimensions
No Dimension Item S CVI Avg Avg Retain Item Decision
Quantity Avg RII CVR Count
1 Customer & 3 0.857 0.838 0.714 2 Retain
Stakeholder Risk
2 Environmental & 3 0.905 0.857 0.810 3 Retain
Sustainability Risk
3 External Environment 3 0.143 0.590 -0.714 0 Not Retained
Risk
4 Financial & Market 3 0.286 0.648 -0.429 0 Not Retained
Risk
5 Governance & 3 0.286 0.638 -0.429 0 Not Retained
Compliance
6 Human Resource Risk 3 0.810 0.838 0.619 2 Retain
7 Information & 3 0.286 0.638 -0.429 0 Not Retained
Knowledge
Management
8 Innovation & R&D 3 0.333 0.648 -0.333 0 Not Retained
Risk
9 Legal & Contractual 3 0.429 0.667 -0.143 0 Not Retained
Risk
10 Operational 3 0.333 0.648 -0.333 0 Not Retained
Continuity
11 Process & Internal 3 0.143 0.562 -0.714 0 Not Retained
Control
12 Reputational Risk 3 0.905 0.867 0.810 3 Retain
13 Strategic & Business 3 0.905 0.838 0.810 3 Retain
Risk
14 Supply Chain & 3 0.286 0.619 -0.429 0 Not Retained
Logistics Risk
15 Technology & Cyber 3 0.381 0.657 -0.238 0 Not Retained
Risk

3.2.Development of the Influence Diagram: From Validated Risk Dimensions to Causal
Structure

The five core operational risk dimensions identified in Stage 1 were subsequently used to
develop the influence diagram as an intermediate structure between risk-dimension validation and
causal-loop modelling. The purpose of this stage was to establish the proposed directional
relationships among risk sources, operational conditions, management responses, and organizational
outcomes.

The five validated dimensions, Strategic & Business Risk, Human Resource Risk, Customer &
Stakeholder Risk, Environmental & Sustainability Risk, and Reputational Risk, were represented as
uncertainty variables contributing positively (+) to Operational Risk Exposure. Higher Operational
Risk Exposure was then linked to a higher likelihood of Project Failure (+), while Project Failure
was expected to reduce Profitability (—). Higher Profitability was conceptually expected to support
greater Risk Investment (+), which in turn was expected to strengthen Risk Maturity (+). The
resulting structure links Risk Maturity to Business Continuity as the organizational objective, while
its potential risk-reduction effect on Operational Risk Exposure is introduced explicitly when the
directional structure is extended into the feedback relationships in the CLD.

The influence diagram also distinguishes management intervention variables from uncertainty
and system-state variables, allowing organizational responses to be represented as mechanisms that
may modify risk conditions rather than as risk factors themselves. The proposed directional
relationships were established through the causal reasoning procedure described in Sections 2.4-2.5
and were not inferred from CVR, CVI, or RIl results. Fig. 3 therefore provides the directional structure
from which the subsequent Causal Loop Diagram was developed.

Drajat Indrajaya (From Static Risk Lists to Dynamic Risk Behavior: An Integrated Mixed-Method and Causal Loop
Modeling Approach for Operational Risk in Indonesian EPC Firms)



Spektrum Industri
Vol. 24, No. 2, 2026, pp. 324-343

337

Validated
Risk Dimensions
(Exogenous)

Strategic &
Business Risk (+)

Human Resource

g
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Project | | Risk Risk / Business
2 '—» Profitability ——»- }—» # (& i >

Customer & —
Stakeholder Risk -"(—;]_.—_-'— Risk Exposure |
Environmental & (+) (+)
Sustainability Risk

-
Management /

Reputational Risk Governance
Decision
Legend
Risk Dimension l:] Management Intervention Variable ——  Direct Influence
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(+) Pasitive Influence
D System / State Variable ¢ \  Value Objective
(Endogencus) “—/ (Endogenous) (=) Negative Influence

Note: (+) indicates a positive (same direction) influence; (=) indicates a negative (opposite direction) influence.

Fig. 3. Influence Diagram Linking Validated Operational Risk Dimensions with Operational Exposure,
Management Responses, Risk Maturity, and Business Continuity

3.3.Causal Loop Diagram (CLD): Potential Risk Escalation and Corrective Feedback
Mechanisms

Fig. 4 extends the influence structure presented in Fig. 3 by connecting the directional
relationships into interconnected feedback loops. The resulting Causal Loop Diagram (CLD)
identifies one reinforcing loop (R1) associated with potential risk escalation and two balancing loops
(B1 and B2) representing potential corrective responses. The CLD is interpreted as a qualitative
causal hypothesis: it identifies the structure and polarity of potential feedback relationships but does
not establish the magnitude, timing, or empirical occurrence of the associated dynamics.

R1
(Reinforcing Loop)
Risk escalation mechanism

{ Project

&)y el
Management /
Governance
Decision B1
(Balancing Loop) (Balancing Loop) H
) Management -ljwmem‘»ur\ i Reputation-driven ",
mechanism ’ LY corractive mechanism

Business
Continuity

LEGEND

— DirectCausallick | e R1 Reinforcing Locp
D System / State Variable Other Influencing Variable (Risk escalation mechanism)
(Endogenous) (Endogenous) (+)  Positive Influence
GameDisitlon) @ | === B1 Balancing Loop 4
Management Response D Value Objective (Management intervention mechanism)
(Exogenous) (Endogenous) (=) Negtive isnce

...... B2 Balancing Loop

(Opposite Direction) (Reputation-driven corrective mechanism)

Note: The diagram litative causal relati (+) indicates that a change in the cause results in a change in the effect in the same direction.
() indiicates that a change in the cause results in a change in the effect in the opposite direction.

Fig. 4. Causal Loop Diagram of Potential Risk Escalation and Corrective Feedback Mechanisms in
Indonesian EPC Companies
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The five validated risk dimensions, Strategic & Business Risk, Human Resource Risk, Customer
& Stakeholder Risk, Environmental & Sustainability Risk, and Reputational Risk, remain the principal
sources of operational uncertainty. Their influences converge on Operational Risk Exposure, which is
subsequently connected to project performance, profitability, risk investment, risk-management
maturity, and business continuity. The CLD therefore preserves the conceptual structure established
in the influence diagram while providing an additional layer for interpreting feedback behavior.

Table 8. Operational Definition and Modelling Role of Variables in the CLD

Variable Modelling Role Operational Definition in
EPC Context
Risk arising from strategic
Strategic & Business Risk Uncertainty misalignment, market volatility,
and contract exposure
Risk related to workforce
Human Resource Risk Uncertainty competency, availability, and
leadership continuity
Risk related to stakeholder
Customer & Stakeholder Risk Uncertainty conflict, client dissatisfaction, and
coordination complexity
Risk associated with regulatory
Uncertainty compliance, ESG requirements,
and environmental incidents
Risk of negative public perception
Reputational Risk Uncertainty affecting trust, contract
acquisition, and legitimacy
Aggregate level of operational

Environmental & Sustainability
Risk

Operational Risk Exposure System State vulnerability across ongoing EPC
projects
Occurrence of delay, cost overrun,
Project Failure Outcome Variable quality deviation, or contractual
dispute

Financial performance affected by
project outcomes
Allocation of financial and

Risk Investment Resource Variable organizational resources for risk
management activities
Level of structured governance,
Risk Maturity Capability Variable integration, and monitoring of risk
management practices
Organizational resilience and
Business Continuity Value Objective ability to sustain operations under
uncertainty
The level of managerial attention
and organisational focus directed
Governance Attention Management response toward risk-related corrective
actions in response to operational
or reputational pressure.

Profitability Performance Variable

This Table 8 defines the variables according to their role in the causal system rather than treating
them as statistically independent constructs. The distinction is important because the CLD focuses
on relationships among system variables, whereas the quantitative screening in Stage 1 focused on
selecting the core risk dimensions.

3.3.1. Reinforcing Loop R1: Risk Escalation Mechanism
The first feedback structure is the Reinforcing Loop R1, which represents a potential risk-
escalation mechanism. The causal sequence in Eq. (10).

Operational Risk Exposure (+) = Project Failure (+) — Profitability (—)
— Risk Investment(+) — Risk Maturity (+)
- Operational Risk Exposure(—)

(10)
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R1 represents a potential reinforcing mechanism through which deteriorating operational
conditions may increase subsequent risk exposure. Higher Operational Risk Exposure is expected to
increase the likelihood of Project Failure (+), while Project Failure reduces Profitability (—). Lower
profitability may constrain the organization’s capacity to allocate resources to risk-management
activities, resulting in lower Risk Investment. Reduced Risk Investment may weaken Risk Maturity,
which in turn may increase Operational Risk Exposure. The loop therefore contains two negative
causal relationships, Project Failure — Profitability and Risk Maturity — Operational Risk
Exposure, resulting in an overall reinforcing structure.  This structure represents a potential risk-
escalation pathway rather than evidence that such a spiral necessarily occurs in practice.

3.3.2. Balancing Loop B1: Governance-Based Corrective Mechanism

B1 represents a potential corrective mechanism in which management intervention responds to
increasing Operational Risk Exposure. Greater exposure may trigger stronger management attention
and risk-management actions, increasing Risk Investment (+). Higher Risk Investment may
strengthen Risk Maturity (+), which can reduce Operational Risk Exposure (—). The negative
relationship between Risk Maturity and Operational Risk Exposure counteracts the initial increase
in exposure, giving the loop a balancing structure. The loop therefore represents a potential
governance-based corrective pathway; its effectiveness cannot be established without empirical
calibration and dynamic simulation. The conceptual sequence can therefore be represented as in Eq.

(11).

Management/Governance Decision (+) — Risk Investment(+) - Risk Maturity (+) an
— Operational Risk Exposure(—)

3.3.3. Balancing Loop B2: Reputation-Driven Corrective Mechanism

B2 represents a potential corrective pathway driven by reputational pressure. Higher
Operational Risk Exposure may increase Reputational Risk (+), which may increase Governance
Attention (+) and subsequently encourage greater Risk Investment (+) in Table 9. Increased Risk
Investment may strengthen Risk Maturity (+), which reduces Operational Risk Exposure (—). The
resulting negative feedback structure suggests that reputational consequences may create additional
managerial pressure for risk-management action. As with B1, this loop should be interpreted as a
proposed causal mechanism rather than an empirically demonstrated stabilizing effect. The proposed
sequence in Eq. (12).

Operational Risk Exposure (+) — Reputational Risk(+) — Governance Attention (+)

— Risk Investmen(+) — Risk Maturity(+) — Operational Risk Exposure(—) (12)

Table 9. Description of Feedback Loops in the CLD

Loop Type Causal Structure Interpretation
Operational Risk Exposure (+) —
Project Failure (+) — Profitability (-)
R1 Reinforcing — Risk Investment (+) — Risk
Maturity (+) — Operational Risk
Exposure (-)
Management/Governance
Mechanisms (+) — Risk Investment ~ Potential governance-based
(+) — Risk Maturity (+) — corrective mechanism
Operational Risk Exposure (—)
Operational Risk Exposure (+) —
Reputational Risk (+) — Governance
B2 Balancing Attention (+) — Risk Investment (+)
— Risk Maturity (+) — Operational
Risk Exposure ()

Potential risk-escalation
mechanism caused by
deterioration in project and
financial conditions

B1 Balancing

Potential reputation-driven
corrective mechanism

Taken together, in Table 9 R1, B1, and B2 suggest that operational risk in EPC organizations
may involve competing escalation and corrective mechanisms. R1 represents a potential reinforcing
pathway in which deteriorating operational conditions may reduce the capacity for risk investment
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and weaken risk maturity, thereby increasing subsequent exposure. Bl represents a potential
management-driven corrective pathway, while B2 represents a potential reputation-driven pathway
that may increase governance attention and risk-management investment. The coexistence of these
structures indicates that operational risk may be shaped not only by the occurrence of individual risk
factors but also by how organizational responses interact with changing risk conditions.

4. Conclusion

This study developed a qualitative causal framework for understanding operational risk dynamics
in Indonesian Engineering, Procurement, and Construction (EPC) companies by integrating expert-
based risk-dimension validation with systems thinking and causal loop modelling. From an initial set
of fifteen operational risk dimensions identified through a structured literature synthesis, five core
dimensions were retained based on the combined results of Content Validity Ratio (CVR), Content
Validity Index (CVI), and Relative Importance Index (RII): Strategic & Business Risk, Human
Resource Risk, Customer & Stakeholder Risk, Environmental & Sustainability Risk, and Reputational
Risk. The screening results provide an expert-based basis for selecting the principal risk variables
incorporated into the subsequent causal model. The five validated dimensions were subsequently
translated into an influence diagram to establish the directional structure of the operational risk system.

The causal relationships were not inferred from CVR, CVI, or RII values. Instead, causal
direction and polarity were determined through conceptual definitions, EPC operational knowledge,
risk-management principles, and expert-based structural verification. The influence diagram therefore
served as an intermediate analytical layer connecting quantitative risk-dimension screening with
qualitative causal-loop modelling. The resulting Causal Loop Diagram (CLD) identified three
potential feedback mechanisms. Reinforcing Loop R1 represents a potential risk-escalation
mechanism in which increasing Operational Risk Exposure may contribute to Project Failure,
declining Profitability, constrained Risk Investment, and weaker Risk Maturity, which may
subsequently increase Operational Risk Exposure. Balancing Loops B1 and B2 represent potential
corrective mechanisms associated with management intervention and reputational pressure,
respectively. These structures suggest that operational risk in EPC organizations may involve
competing escalation and corrective mechanisms rather than a collection of independent risk factors.

The principal contribution of this study is therefore not the empirical demonstration of risk
escalation or stabilization, but the development of an expert-verified qualitative causal architecture
supported by retrospective historical pattern evidence that integrates core operational risk dimensions
with organizational responses and feedback structures. This framework extends conventional risk
identification by providing a systems-based representation of how operational risk may propagate
through project performance, profitability, risk investment, and risk-management maturity. It
consequently provides a conceptual foundation for identifying potential management leverage points
within complex multi-project EPC environments. Several limitations define the interpretation of these
findings. The CLD remains qualitative and conceptual and does not estimate causal effect sizes,
probability distributions, equilibrium conditions, or dynamic trajectories. Historical EPC project
records were used for retrospective pattern validation and observed temporal-lag assessment;
however, these observations were not used to statistically calibrate causal effect sizes or dynamic
delay functions. Accordingly, the proposed feedback mechanisms should be interpreted as empirically
informed causal hypotheses rather than fully calibrated dynamic behavior.

Future research should extend the proposed CLD into a stock-and-flow model using historical
EPC project data and empirically informed parameters. Such an extension would enable the
incorporation of time delays, quantify the relative strength of causal relationships, test alternative risk
scenarios, and examine whether the reinforcing and balancing mechanisms identified in this study
emerge under actual operating conditions. Empirical calibration and scenario-based simulation would
therefore provide the next stage of validation for the proposed operational risk framework.
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