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ABSTRACT: Construction project schedules are highly susceptible to delays, impacting timelines, costs, 
and overall outcomes. To mitigate these risks, robust sensitivity measures are essential for assessing 
activity disruptions and supporting effective risk management. Various indices, including the Criticality 
Index, Cruciality Index, Significance Index, Schedule Sensitivity Index, Management-Oriented Index, and 
Criticality-Slack Sensitivity Index, quantify schedule risk, each offering a distinct perspective. However, 
inconsistencies in methodologies, assumptions, and computational complexities often hinder their practical 
application. This study systematically reviews these indices, comparing their theoretical foundations, 
implementation feasibility, and effectiveness across diverse project conditions. By synthesizing existing 
research, it identifies key trends, gaps, and contradictions, particularly the limitations of activity-based 
indices in capturing project-wide disruptions. Findings suggest that while certain measures excel under 
specific conditions, no single index comprehensively captures all dimensions of schedule sensitivity. 
Moreover, the effectiveness of these indices depends on project complexity, network topology, and 
uncertainty levels. This study highlights the need for a standardized, project-level sensitivity index that 
integrates the strengths of existing measures while addressing their limitations, ultimately improving 
schedule resilience and risk mitigation in complex construction projects. 
 
 
1. INTRODUCTION 
 
The construction industry operates in a complex, dynamic environment where project schedules are critical 
for timely and cost-effective delivery but remain vulnerable to disruptions from uncertainties, delays, and 
shifting priorities. Schedule Risk Analysis (SRA) integrates risk and uncertainty into scheduling, enhancing 
delay mitigation (Acebes et al., 2020; Vanhoucke, 2015). Despite its growing adoption, delays and cost 
overruns persist due to inconsistent risk assessment applications (Raz et al., 2002). Since effective risk 
management is integral to project success (Williams, 1995), advancing schedule sensitivity analysis is 
essential. Sensitivity measures such as the Criticality Index, Significance Index, and Schedule Sensitivity 
Index evaluate the impact of activity delays on project timelines. However, variations in methodologies, 
underlying assumptions, and computational demands complicate their practical implementation. 
Additionally, the interdependence of project activities poses challenges in identifying critical tasks, as delays 
can propagate throughout the schedule. These methodological inconsistencies limit real-world applicability, 
highlighting the need for a structured comparison. This study systematically reviews key time-sensitivity 
measures, with a focus on simulation-based indices utilizing Monte Carlo simulations, to assess their 
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theoretical foundations, feasibility, and clarity. Establishing a standardized framework for their application 
will enhance scheduling methodologies, strengthening project resilience and efficiency. 
 
This study systematically evaluates time-sensitivity measures in project scheduling by developing an 
analytical framework to compare their implementation feasibility, computational demands, result clarity, and 
applicability across diverse project conditions. A comprehensive literature review was conducted using 
academic search engines (Google Scholar, Semantic Scholar), citation indexing databases (Web of 
Science, Scopus), and full-text repositories (ScienceDirect, JSTOR, DOAJ, ASCE Library). Broad and 
refined search terms—including "project risk management," "criticality," "sensitivity measures," and "project 
scheduling"—were employed to ensure thorough coverage. 
 
From an initial dataset of 60 papers, 30 were selected, prioritizing peer-reviewed journal articles, conference 
proceedings, book chapters, and master’s theses published in English between 1965 and 2025. Studies 
were included if they presented well-defined time-sensitivity measures, mathematical formulations, and 
real-world applications, while those lacking formal models or practical relevance were excluded.  
 
The structured evaluation framework compared six key simulation-based indices, assessing their 
computational complexity, ease of integration into project management workflows, and ability to generate 
actionable scheduling insights. A narrative synthesis identified overarching trends, similarities, and 
differences, providing a comprehensive evaluation of their role in construction project risk management. 
Additionally, the study examined the adaptability of these measures to varying project complexities, 
uncertainties, and industry constraints, ensuring an objective comparison that highlights their practical utility 
and potential for methodological advancements in project scheduling.  
 
 
2. TIME SENSITIVITY MEASURES 
 

2.1 Criticality Index 
 
The Criticality Index (CI) is a fundamental probabilistic metric in project scheduling that quantifies the 
likelihood of an activity being on the critical path and affecting project completion time (Martin, 1965). Initially 
explored by Van Slyke (1963) using Monte Carlo simulations, CI accounts for variability in activity durations, 
making it particularly valuable in stochastic project networks (Dodin & Elmaghraby, 1985). Unlike 
deterministic approaches, CI provides a probabilistic perspective, enhancing risk management and 
decision-making. Martin (1965) also introduced related indices, including the Activity Criticality Index (ACI) 
and the Path Criticality Index (PCI), but their computational complexity has led to the development of 
alternative approximation methods (Madadi & Iranmanesh, 2012). Over time, CI has been refined through 
improved estimation techniques, such as unbiased estimators (Bowman, 1995) and exact formulas for 
PERT networks (Ghomi & Teimouri, 2002). The CI can be mathematically expressed as shown in Equation 
1. 
 
[1] 𝑄𝑗 = ∑ 𝑃𝑖𝑖∈𝐷𝑗

 

 
where 𝑄𝑗 is the probability that activity 𝑎𝑗 is on the critical path, and 𝐷𝑗 represents the set of paths containing 

𝑎𝑗, with 𝑃𝑖 denoting the probability that each path is critical (Martin, 1965). Research advancements have 

extended CI’s applicability, integrating statistical and fuzzy methods (Chen & Huang, 2007), resource 
constraints (Song et al., 2021), and enhanced computational strategies (Creemers et al., 2014a). However, 
limitations remain, such as its inability to account for resource constraints (Wang et al., 2012) and variations 
in activity durations (Elmaghraby, 2000). Despite these challenges, CI remains a cornerstone of project 
sensitivity analysis, informing risk assessment and decision-making strategies. 
 

2.2 Significance Index 
 
The Significance Index (SI), introduced by Williams (1992), enhances project sensitivity analysis by 
addressing the limitations of the Criticality Index (CI). While CI quantifies the probability of an activity being 
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on the critical path, SI integrates both this probability and the activity’s impact on project duration, providing 
a more comprehensive assessment of scheduling risks (Creemers et al., 2014a). Unlike CI, which focuses 
solely on probability, SI prioritizes activities based on their contribution to project uncertainty, making it 
particularly valuable in stochastic networks (Vanhoucke, 2010). Williams (1992) highlighted that highly 
critical activities with minimal duration variability may have limited influence on project completion, whereas 
non-critical activities with significant fluctuations can still cause delays. The SI can be calculated according 
to Equation 2. 
 

[2] 𝑆𝐼 = 𝐸 (
𝐴𝐷

𝐴𝐷 +𝐴𝑇𝐹
∗

𝑃𝐷

𝐸(𝑃𝐷 )
)  

 
where, 𝐴𝐷 denotes the activity duration, 𝐴𝑇𝐹 represents the activity total float, 𝑃𝐷 signifies the project 

duration and 𝐸(𝑥) is the expected value (average) across all simulation runs. This formulation balances 
activity duration, scheduling flexibility, and overall project impact. Since its introduction, SI has been refined 
and extended, including its application to resource constraints through the Resource Significance Index 
(RSI) (Song et al., 2021). However, its computational complexity remains a challenge, as calculating SI 
requires exhaustive network realizations, making it impractical for large projects (Elmaghraby, 2000). 
Additionally, SI often produces results similar to CI, limiting its distinctiveness in certain cases (Creemers 
et al., 2014b). Despite these challenges, SI remains a valuable tool in project risk assessment, providing 
deeper insights into activity significance beyond criticality alone.  
 

2.3 Cruciality Index 
 
The Cruciality Index (CRI), introduced by Williams (1992), refines the Significance Index (SI) by quantifying 
the correlation between an activity’s duration and total project duration, providing a probabilistic measure 
of its impact on project completion (Vanhoucke, 2010). Elmaghraby (2000) formalized CRI using the 
Pearson correlation coefficient, which has since become the standard computation method (Peternella, 
2016). Alternative formulations include non-parametric measures, such as Spearman’s and Kendall’s 
correlation coefficients, which account for potential non-linearity in project scheduling relationships 
(Vaseghi & Vanhoucke, 2023). The CRI is computed according to Equation 3. 
The CRI in Equation 3 is computed as follows: 

 

[3] 𝐶𝑅𝐼 = |
∑(𝐴𝐷  −𝐴𝑣𝑔( 𝐴𝐷 ))∗(𝑃𝐷 −𝐴𝑣𝑔( 𝑃𝐷 ))

√∑(𝐴𝐷  −𝐴𝑣𝑔( 𝐴𝐷 ))2 ∗∑(𝑃𝐷  −𝐴𝑣𝑔( 𝑃𝐷 ))2
| 

 
where, 𝐴𝐷 represents the activity duration, 𝐴𝑣𝑔(𝐴𝐷) is the average activity duration, 𝑃𝐷 stands for the project 

duration and 𝐴𝑣𝑔(𝑃𝐷 ) denotes the average project duration for all simulation runs. This formulation captures 
the extent to which variations in an activity’s duration influence overall project duration. Research has 
expanded CRI’s applications, with Vanhoucke (2015) demonstrating its role in quantifying project 
uncertainty and Acebes et al. (2021) highlighting the robustness of non-parametric alternatives. 
Additionally, Hu et al. (2016) integrated CRI into schedule monitoring through the CRI-Based Buffer 
Monitoring Approach (CRI-BMA), enhancing real-time project control. While Pearson’s CRI remains widely 
used, recent studies advocate for alternative correlation measures to improve sensitivity analysis in 
complex project environments (Cho & Yum, 1997; Vaseghi & Vanhoucke, 2023). 
 

2.4 Schedule Sensitivity Index 
 
The Schedule Sensitivity Index (SSI), introduced by Vanhoucke (2010), assesses the relative importance 
of project activities by integrating their criticality and contribution to project duration variability. Building on 
Cho & Yum’s (1997) work on activity duration uncertainty, SSI aligns with PMBOK (2004) recommendations 
by incorporating the standard deviations of activity and project durations alongside the Criticality Index (CI). 
This approach provides a comprehensive measure of activity sensitivity, capturing both probability and 
uncertainty-driven impacts on project duration. The SSI is computed using Equation 4. 
 

[4] 𝑆𝑆𝐼 = 𝐶𝐼 ∗
𝜎𝑖

𝜎𝑃
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where, 𝐶𝐼  represents the Criticality Index (CI) indicating the probability of an activity being on the critical 
path, 𝜎𝑖 is the standard deviation of the activity duration, and 𝜎𝑃 is the standard deviation of the project 

duration. This formulation effectively balances criticality and uncertainty, distinguishing high-sensitivity 
activities from lower-priority ones. Empirical studies confirm SSI’s effectiveness in project tracking and 
corrective action. Vanhoucke (2011) validated SSI against other indices (CI, SI, CRI), demonstrating its 
superiority in differentiating activity sensitivity levels. Acebes et al. (2020) reinforced SSI’s utility in 
evaluating corrective actions, while Vaseghi & Vanhoucke (2023) highlighted its effectiveness in managing 
uncertainty. Additionally, the Resource Schedule Sensitivity Index (RSSI) extends SSI by incorporating 
resource constraints (Song et al., 2021), further refining project control strategies. Recent studies (Hadad 
et al., 2014; Hu et al., 2016) confirm SSI’s reliability in prioritizing activities under uncertainty, solidifying its 
role as a key metric in project sensitivity analysis. 
 

2.5 Management-Oriented Index 
 

The Management-Oriented Index (MOI), introduced by Madadi & Iranmanesh (2012), evaluates the 
significance of project activities in reducing duration and mitigating risk variability. Influenced by the work 
of Williams (1992) and Tavares et al. (2002), it was the first metric to integrate activity variability, project 
duration impact, and network morphology into a unified sensitivity framework (Acebes et al., 2020). Unlike 
conventional measures, MOI explicitly accounts for activity duration uncertainty and structural complexity 
(Ballesteros-Pérez et al., 2019). Equation 5 illustrates how MOI is calculated. 
 

[5] 𝑀𝑂𝐼𝑖 =
𝜎𝑑𝑖

𝜎𝑀𝑎𝑥
∗

1

𝐸(𝑇𝑓𝑖 )−𝑃𝑜𝑠𝑡_𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑖  +1
 

 
Where, 𝜎𝑖 represents the standard deviation of activity 𝑖, 𝜎𝑚𝑎𝑥 is the maximum variance among all project 

activities, 𝐸(𝑇𝑓𝑖) denotes the expected value of the total float of activity 𝑖 and 𝑃𝑜𝑠𝑡_𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑖  quantifies the 
density of successor activities. This formulation encompasses both activity uncertainty and network 
connectivity, thereby enhancing its effectiveness in sensitivity analysis. Empirical studies confirm the 
robustness of the Management-Oriented Index (MOI). Madadi & Iranmanesh (2012) demonstrated its 
superiority over other indices in reducing the mean duration and variability of projects, particularly within 
large networks. Vaseghi & Vanhoucke (2023) validated MOI’s effectiveness in implementing corrective 
actions, reinforcing its practical utility. Acebes et al. (2020) emphasized MOI’s comprehensive assessment 
of activity impact, while Song et al. (2021) highlighted its dynamic nature, which accounts for the evolution 
of risk throughout project execution. These findings establish MOI as a leading tool in project monitoring 
and risk management. 
 

2.6 Criticality-Slack Sensitivity Index 
 
The Criticality-Slack Sensitivity Index (CSS), introduced by Ballesteros-Pérez et al. (2019), enhances 
existing sensitivity metrics by incorporating both the probability of an activity’s criticality and the variability 
in its total float under deterministic and stochastic conditions. Unlike prior indices such as the Schedule 
Sensitivity Index (SSI) and the Management-Oriented Index (MOI), CSS explicitly accounts for scheduling 
instability caused by fluctuations in float and duration uncertainty, making it a more comprehensive tool for 
sensitivity analysis. The CSS index is shown in Equation 6. 
 

[6] 𝐶𝑆𝑆 = 𝑆𝑆𝐼 ∗
𝐸(𝑇𝑓𝑖 )−(𝑇𝑓′

𝑖 )

𝐸 (𝑃𝐷)
 

 
Where 𝐸(𝑇𝑓𝑖) represents the expected total float of activity 𝑖 under stochastic conditions, 𝑇𝑓′𝑖 is the total 
float of activity 𝑖 under deterministic scheduling, 𝐸 (𝑃𝐷) is the expected project duration, and 𝑆𝑆𝐼 is the 

Schedule Sensitivity Index. The CSS index provides a holistic assessment by integrating criticality, total 
float adjustments, and duration variability, offering project managers a more effective tool for prioritizing 
high-risk activities. Unlike simpler indices, CSS captures both direct and indirect schedule instability effects, 
enhancing its applicability in project risk management (Acebes et al., 2020; Vaseghi & Vanhoucke, 2023). 
Empirical studies confirm its superiority over alternative metrics, particularly for early-stage project 
assessments (Song et al., 2021; Saffirio, 2023). 
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Table 1 provides an overview of the studies reviewed, emphasizing the advantages and disadvantages of 
each time-sensitivity measure essential for construction project scheduling. These measures help identify 
critical activities and assess their impact on overall project performance.  
  

Table 1: Evaluation of Time-Sensitivity Measures: Advantages and Disadvantages 

Study Advantages Limitations 

Martin, 1965 CI: Critical Path Finder  

Dodin & 
Elmaghraby, 1985 

CI: Practical Computational Method  

Williams, 1992 CRI: Can Handle Resource Constraints CI: Not an Intuitively Helpful Metric 
CRI: Counter-Intuitive Results 

Cho & Yum, 1997 CI: Identifies Critical Activities  
Elmaghraby, 2000 SI: Provides Relative Importance of Activities 

CRI: Can Handle Resource Constraints 
CI: Unable to Handle Resource 
Constraints 
SI: Difficult to Compute 
CRI: Difficult to Compute 

Ghomi & Teimouri, 
2002 

CI: Practical Computational Method  

Bowman, 2003 CI: Identifies Critical Activities  

Cui et al., 2006  CI: Ineffective Activity Criticality 
Reflection 
SI: Difficult to Compute 
CRI: Cannot Reflect Criticality 

Vanhoucke, 2010 CI: Widely Implemented 
CRI: Relatively Better Results 
SSI: Relatively Better Results 

CI: Ignores Project Duration Impact 

Vanhoucke, 2011 SSI: Best Performing Metric  

Vanhoucke, 2012 SSI: High Potential for Improvement  
Madadi & 
Iranmanesh, 2012 

CI: Extensively Studied Index 
MOI: Surpasses SI and CRI 

SI: Surpassed by MOI 
CRI: Surpassed by MOI 

Elshaer, 2013 CI: High Reliability 
SSI: More Reliable Measure 

SSI: Drops to Zero with Stable Duration 

Tang et al., 2013  CI: Limited Project Control after Start 

Creemers et al., 
2014a 

CI: Identifies Critical Activities 
SI: Identifies Critical Activities 

 

Creemers et al., 
2014b 

 CI: Ignores Activity Duration Variance 
SI: Ignores Activity Duration Variance 
CRI: Does not Consider Criticality 
SSI: Ignores Covariance 

Vanhoucke, 2015 CI: Intuitive and Straightforward 
SI: Partial Answer to CI Criticism 

CI: Based solely on Probability 

Brožová et al., 2016  CI: Criticalness of Tasks Cannot be 
Determined by a Single Principle 

Hu et al., 2016 CRI: Reduces Control Effort  

Paternella, 2016 CRI: Reflects Task Importance  
Rabbani et al., 2016 CI: Provides Superior Results  

Ballesteros-Pérez et 
al., 2019 

CRI: Top-Performing Metric 
SSI: Top-Performing Iterative Metric 

CI: Worst Performer Among Sensitivity 
Measures 
SI: Worst Performer Among Sensitivity 
Measures 
MOI: Outperformed by CSS and CRI 

Acebes et al., 2020 SSI: Relatively Better Results 
MOI: Most Representative Metric 

CI: Ignores Project Duration Impact 

Song et al., 2020  SSI: Values Change Significantly 

Raheem et al., 2021 SI: Comprehensive Measure 
CRI: Assesses Activity Impact 
SSI: Assesses Activity Impact 

 

Song et al., 2021 SSI: Useful Sensitivity Information  
Zarghami & 
Dumrak, 2021 

SI: Addresses Activity Significance CI: Not an Intuitively Helpful Metric 
SI: Ignores Variation in Time Duration 



CON-137-6 

SSI: Does not Discriminate Non-Critical 
Activities 

Chen et al., 2023 CI: Reliable Risk Identification  

Saffirio, 2023 CI: Directly Assesses Activity Criticality 
SI: Partial Answer to CI Criticism 
CRI: Relatively Better Results 
SSI: Relatively Better Results 
CSSI: Improves SSI and MOI 

CI: Ignores Project Duration Impact 
SI: Counter-Intuitive Results 
MOI: Absence of SSI in Evaluation 

Vaseghi & 
Vanhoucke, 2023 

CI: Merges Impact of Uncertainty and 
Probability 
SI: Performs Well for Parallel Networks 
CRI: Relatively Better Results 
SSI: Relatively Better Results 
MOI: Top-Performing Metric 
CSSI: Performs Well for Parallel Networks 

CI: Low Performance for Serial Projects 
SI: Low Performance for Serial Projects 
CRI: Focuses on Linear Relationship 
CSSI: Performance Drops for Serial 
Projects 

 
 
3. DISCUSSION 
 
Evaluating time-sensitivity indices is crucial for assessing their practical applicability in project scheduling 
and risk management. Each of the six indices discussed in this study has unique strengths and 
weaknesses, affecting their effectiveness across different project scenarios. A comparative framework is 
essential to assess these indices based on predefined criteria, including ease of implementation, 
computational complexity, and result interpretability. While indices like CI and SI offer straightforward 
assessments, others, such as CRI and CSS, incorporate advanced probabilistic elements, enhancing 
accuracy but increasing computational demands (Bowman, 2003; Hu et al., 2016). Some indices prioritize 
network topology and risk variability (Vanhoucke, 2011), while others emphasize deterministic factors 
(Elshaer, 2013). This study provides insights into their relative effectiveness and practical considerations, 
guiding project managers in selecting the most suitable index based on project characteristics and available 
resources. 
 

3.1 Ease of Implementation 
 
The ease of implementing time-sensitivity measures varies significantly based on computational 
complexity, integration feasibility, and practical applicability. The Criticality Index (CI) is widely adopted due 
to its straightforward computation and seamless integration into project management tools, offering a 
probabilistic yet computationally efficient approach to sensitivity analysis (Dodin & Elmaghraby, 1985; 
Vanhoucke, 2015). However, its reliance on probability alone limits its effectiveness, prompting the 
development of indices that incorporate impact magnitude (Vanhoucke, 2010; Brožová et al., 2016). The 
Significance Index (SI) enhances CI by factoring in both criticality and impact, making it particularly effective 
in parallel networks (Creemers et al., 2014a; Vaseghi & Vanhoucke, 2023). Despite its theoretical 
advantages, SI requires an understanding of advanced probabilistic concepts and sometimes yields 
counterintuitive results, reducing its practical usability (Vanhoucke, 2016; Raheem, 2021; Saffiro, 2023). 
Similarly, the Cruciality Index (CRI) provides a more dynamic assessment by accounting for stochastic 
dependencies, making it valuable in resource-constrained environments (Elmaghraby, 2000; Hu et al., 
2016). Additionally, it reflects task importance within a project (Paternella, 2016). However, its reliance on 
Monte Carlo simulations increases computational demands, limiting accessibility for organizations without 
advanced simulation capabilities (Cho & Yum, 1997; Williams, 1992). The Schedule Sensitivity Index (SSI) 
excels in risk analysis by effectively identifying activities most sensitive to project delays (Vanhoucke, 2011; 
Acebes et al., 2020). However, its dependence on iterative Monte Carlo simulations makes implementation 
complex, requiring frequent recalculations that may be impractical for smaller projects (Raheem et al., 2021; 
Song et al., 2021). 
 
The Management-Oriented Index (MOI) enhances project monitoring by integrating activity variability, 
network topology, and risk evolution, outperforming CI and SI in large-scale projects (Acebes et al., 2020; 
Madadi & Iranmanesh, 2012). However, its reliance on advanced variability reduction strategies 
necessitates specialized expertise, limiting widespread adoption (Saffiro, 2023). The Criticality-Slack 
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Sensitivity Index (CSSI) improves upon existing indices by incorporating activity float variations under 
stochastic and deterministic conditions, making it highly effective in complex, multi-path networks 
(Ballesteros-Pérez et al., 2019; Vaseghi & Vanhoucke, 2023). However, its effectiveness declines in 
sequential project structures, and its static nature may require supplementary methodologies for continuous 
project monitoring (Saffiro, 2023). 
 
Ultimately, while CI and SI offer computational simplicity, their limitations necessitate careful consideration 
in dynamic environments. CRI and SSI provide greater predictive accuracy but demand substantial 
computational resources, whereas MOI and CSSI introduce advanced methodologies that enhance risk 
assessment but require specialized expertise. Selecting an appropriate sensitivity measure depends on 
project complexity, available analytical resources, and adaptability needs. Future research should explore 
hybrid models that integrate these indices’ strengths to enhance their applicability across diverse project 
scenarios. 
 

3.2 Computational Requirement 

 
The computational requirements of time-sensitivity measures significantly impact their practicality in project 
management. The Criticality Index (CI) is computationally efficient, relying on probability-based estimation 
rather than extensive simulations, making it ideal for rapid sensitivity analysis in large-scale projects (Dodin 
& Elmaghraby, 1985). However, its simplicity limits adaptability to dynamic conditions and 
interdependencies, reducing its effectiveness in real-time project control (Rabbani et al., 2007; Tang, 2023). 
The Significance Index (SI), while improving sensitivity measurement, has high computational demands 
due to its enumeration of all possible network realizations, making real-time application impractical 
(Elmaghraby, 2000; Cui et al., 2006). Additionally, SI struggles to differentiate activity impacts effectively, 
reducing its ranking utility (Zarghami & Dumrak, 2021). 
 
The Cruciality Index (CRI) further amplifies computational intensity by requiring Monte Carlo simulations to 
assess correlations between activity durations and project completion, making it unsuitable for large-scale 
applications (Elmaghraby, 2000; Demeulemeester et al., 2002). While alternative correlation-based 
formulations enhance accuracy, they also impose greater computational burdens (Madadi & Iranmanesh, 
2012). The Schedule Sensitivity Index (SSI) provides high accuracy in identifying sensitive activities through 
iterative Monte Carlo simulations, but its computational intensity limits feasibility in resource-constrained 
projects (Song et al., 2020; Saffiro, 2023). Similarly, the Management-Oriented Index (MOI) balances 
precision and complexity by integrating network topology and expected float values but remains 
computationally demanding, particularly in large-scale projects (Madadi & Iranmanesh, 2012; Saffiro, 
2023). 
 
In contrast, the Criticality-Slack Sensitivity Index (CSSI) offers computational efficiency by incorporating 
float variations, making it suitable for static applications. However, iterative recalculations enhance its 
predictive accuracy at the cost of increased complexity (Ballesteros-Pérez et al., 2019; Acebes et al., 2020). 
Ultimately, CI and CSSI provide efficiency but limited adaptability, whereas SSI and MOI offer greater 
precision with higher computational costs. Selecting an appropriate sensitivity index depends on project 
complexity, available computational resources, and the need for real-time monitoring. Future research 
should explore optimization techniques, including hybrid models and algorithmic refinements, to improve 
computational feasibility across diverse project environments (Vaseghi & Vanhoucke, 2023; Saffiro, 2023). 

 

3.3 Clarity and Practicality  
 
The clarity and practicality of sensitivity indices in project scheduling depend on their ability to provide 
meaningful and actionable insights while accounting for project network complexities. The Criticality Index 
(CI) is widely used due to its intuitive probabilistic nature, enabling project managers to assess schedule 
risks effectively (Bowman, 2003). By identifying activities with higher CI values, managers can prioritize risk 
mitigation and resource allocation (Cho & Yum, 1997; Creemers et al., 2014a). However, CI focuses solely 
on probability, which does not always correlate with an activity’s impact on project duration (Acebes et al., 
2020). This limitation becomes evident when short-duration activities with high CI values exert minimal 
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influence on the total project timeline (Vanhoucke, 2010). Additionally, CI-based metrics struggle in serial 
network structures and do not account for resource constraints, necessitating alternatives like the Resource 
Criticality Index (RCI) (Vaseghi & Vanhoucke, 2023; Song et al., 2021).  
 
The Significance Index (SI) refines activity importance assessment but often produces inconsistent 
rankings, especially in serial networks, limiting its decision-making value (Vanhoucke, 2015; Vaseghi & 
Vanhoucke, 2023). Its inability to reflect stochastic variations further undermines reliability (Creemers et al., 
2014b; Cui et al., 2006).  
 
Similarly, the Cruciality Index (CRI) quantifies activity impact on project duration but relies on linear 
correlation, which may misrepresent risks in complex projects (Raheem et al., 2021; Creemers et al., 
2014b). Compared to the more adaptive Schedule Sensitivity Index (SSI), CRI’s static nature reduces its 
effectiveness in dynamic environments (Ballesteros-Pérez et al., 2019).  
 
The SSI is recognized for its superior ability to rank activity sensitivity, enhancing project control by providing 
proactive risk assessments (Vanhoucke, 2015; Ballesteros-Pérez et al., 2019). However, its inability to 
account for covariance between activity duration and project completion may introduce estimation errors 
(Creemers et al., 2014b; Zarghami & Dumrak, 2021).  
 
The Management-Oriented Index (MOI) improves decision-making by integrating risk evolution and network 
topology, yet its lack of real-time adaptability limits broader applicability (Acebes et al., 2020; Vaseghi & 
Vanhoucke, 2023; Madadi & Iranmanesh, 2012).  
 
Lastly, the Criticality-Slack Sensitivity Index (CSSI) enhances sensitivity analysis by incorporating float and 
duration variability, strengthening its predictive capabilities in parallel networks (Acebes et al., 2020; 
Vaseghi & Vanhoucke, 2023). However, its effectiveness in serial networks remains uncertain, and its static 
nature restricts long-term applicability (Martens & Vanhoucke, 2019; Song et al., 2021). 
 
Overall, while each index has strengths, no single metric fully captures project sensitivity across all network 
conditions. A combined approach integrating multiple indices is recommended to enhance decision-making 
accuracy and risk assessment, with future research focusing on improving adaptability in dynamic project 
environments (Saffiro, 2023). 
 
 
4. FUTURE WORK 
 
While current sensitivity indices offer valuable insights, they are all activity-based and often address isolated 
aspects of project risk. Future research should focus on developing a comprehensive index that integrates 
the strengths of existing models while mitigating their individual limitations. Such an index would enhance 
real-time applicability, optimize computational efficiency, and better support decision-making in dynamic 
construction environments. Moreover, there is a growing need to move beyond activity-level analysis and 
consider the overall performance of the project schedule. To that end, it would be beneficial to establish a 
new metric capable of evaluating schedule performance holistically—allowing for meaningful comparisons 
across projects of similar type and complexity. This dual focus on comprehensive integration and project-
level assessment holds promise for advancing risk-aware construction scheduling practices. 
 
 
5. CONCLUSIONS 
 
This study evaluated six time-sensitivity indices—CI, CRI, SI, SSI, MOI, and CSSI—assessing their 
implementation ease, computational demands, and clarity in project scheduling. Findings reveal that while 
CI and SI offer computational efficiency, they lack predictive accuracy in complex networks. CRI and SSI 
enhance sensitivity analysis through probabilistic modeling but impose high computational costs, limiting 
large-scale applicability. MOI and CSSI improve risk assessment but require specialized expertise, 
restricting their adoption. No single index fully captures project sensitivity across diverse conditions, 
necessitating a hybrid approach that integrates multiple indices to balance accuracy, feasibility, and 
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adaptability. Future research should refine these models to enhance real-time applicability, optimize 
computational efficiency, and support dynamic project environments, ultimately improving risk assessment 
and decision-making in construction scheduling. 
 
 
REFERENCES 
 
Acebes, F., Pajares, J., González-Varona, J. M., & López-Paredes, A. (2020). Project Risk Management 

from The Bottom-Up: Activity Risk Index. Central European Journal of Operations Research, 29(4), 
1375–1396. https://doi.org/10.1007/s10100-020-00703-8 

Ballesteros-Pérez, P., Cerezo-Narváez, A., Otero-Mateo, M., Pastor-Fernández, A., &  Vanhoucke, M. 
(2019). Performance Comparison of Activity Sensitivity Metrics in Schedule Risk Analysis. Automation 
in Construction, 106, 102906. https://doi.org/10.1016/j.autcon.2019.102906 

Bowman, R. A. (1995). Efficient estimation of arc criticalities in stochastic activity networks. Management 
Science, 41(1), 58-67. 

Bowman, R. A. (2003). Sensitivity curves for effective project management. Naval Research Logistics 
(NRL), 50(5), 481-497. 

Brožová, H., Bartoška, J., Šubrt, T., & Rydval, J. (2016). Task Criticalness Potential: A Multiple Criteria 
Approach to Project Management. Kybernetika, 558–574. https://doi.org/10.14736/kyb-2016-4-0558 

Chen, C. T., & Huang, S. F. (2007). Applying fuzzy method for measuring criticality in project network. 
Information sciences, 177(12), 2448-2458. 

Chen, L., Lu, Q., & Han, D. (2023). A Bayesian-driven Monte Carlo approach for managing construction 
schedule risks of infrastructures under uncertainty. Expert Systems with Applications, 212, 118810. 

Cho, J. G., & Yum, B. J. (1997). An uncertainty importance measure of activities in Pert Networks. 
International Journal of Production Research, 35(10), 2737–2758. 
https://doi.org/10.1080/002075497194426 

Cho, J. G., & Yum, B. J. (2004). Functional estimation of activity criticality indices and sensitivity analysis 
of expected project completion time. Journal of the Operational Research Society, 55(8), 850-859. 

Creemers, S., Demeulemeester, E., & Van de Vonder, S. (2014a). A New Approach for Quantitative Risk 
Analysis. Annals of Operations Research, 213(1), 27–65. https://doi.org/10.1007/s10479-013-1355-y 

Creemers, S., Van de Vonder, S., & Demeulemeester, E. (2014b). Ranking Indices for Mitigating Project 
Risks. Handbook on Project Management and Scheduling Vol. 2, 1135–1153. 
https://doi.org/10.1007/978-3-319-05915-0_21 

Cui, W., Qin, J., & Yue, C. (2006). Criticality Measurement in PERT Networks. 2006 IEEE International 
Conference on Systems, Man and Cybernetics, 703–706. https://doi.org/10.1109/icsmc.2006.384468 

Demeulemeester, E. L., Herroelen, W., & Herroelen, W. S. (2002). Project scheduling: a research 
handbook (Vol. 49). Springer Science & Business Media.  

Dodin, B. M., & Elmaghraby, S. E. (1985). Approximating The Criticality Indices of The Activities in Pert 
Networks. Management Science, 31(2), 207–223. 

Elmaghraby, S. E. (2000). On Criticality and Sensitivity in Activity Networks. European Journal of 
Operational Research, 127(2), 220–238. 

Elshaer, R. (2013). Impact of sensitivity information on the prediction of project's duration using earned 
schedule method. International Journal of Project Management, 31(4), 579-588. 

Ghomi, S. F., & Teimouri, E. (2002). Path critical index and activity critical index in PERT networks. 
European Journal of Operational Research, 141(1), 147-152. 

Hadad, Y., Keren, B., & Laslo, Z. (2014). Applications of ranking indexes of project activities for project 
management tasks. Challenges of IT Project Portfolio Selection, 1392, 1422. 

Hu, X., Cui, N., Demeulemeester, E., & Bie, L. (2016). Incorporation Of Activity Sensitivity Measures into 
Buffer Management to Manage Project Schedule Risk. European Journal of Operational Research, 
249(2), 717–727. https://doi.org/10.1016/j.ejor.2015.08.066   

Madadi, M., & Iranmanesh, H. (2012). A Management Oriented Approach to Reduce a Project Duration 
and Its Risk (Variability). European Journal of Operational Research, 219(3), 751–761. 
https://doi.org/10.1016/j.ejor.2012.01.006   

Martens, A., & Vanhoucke, M. (2019). The impact of applying effort to reduce activity variability on the 
project time and cost performance. European Journal of Operational Research, 277(2), 442-453. 



CON-137-10 

Martin, J. J. (1965). Distribution Of the Time Through a Directed, Acyclic Network. Operations Research, 
13(1), 46–66. https://doi.org/10.1287/opre.13.1.46 

Paternella, A. K. (2016). Criticality of Tasks within Project Management (thesis).   
PMBOK. (2004). A guide to the Project Management Body of Knowledge (PMBOK guide) - Third Edition. 

Project Management Institute, Inc. 
Rabbani, M., Ghomi, S. F., Jolai, F., & Lahiji, N. S. (2007). A new heuristic for resource-constrained project 

scheduling in stochastic networks using critical chain concept. European journal of operational research, 
176(2), 794-808. 

Raheem, M. A., Reyes, J., Wang, X., Sanchez, G. S., & Garza, A. M. (2021). Assessing the impact of the 
lead/Lag times on the project duration estimates in highway construction. Journal of Architectural 
Environment & Structural Engineering Research, 4(3), 47-62. 

Raz, T., Shenhar, A. J., & Dvir, D. (2002). Risk management, project success, and technological 
uncertainty. R&d Management, 32(2), 101-109. 

Saffirio, A. (2023). Advancing Project Schedule Control Beyond Traditional EVM: A Literature Review 
(thesis). 

Song, J., Martens, A., & Vanhoucke, M. (2020). The Impact of a Limited Budget on The Corrective Action 
Taking Process. European Journal of Operational Research, 286(3), 1070–1086. 
https://doi.org/10.1016/j.ejor.2020.03.069 

Song, J., Martens, A., & Vanhoucke, M. (2021). Using Schedule Risk Analysis with Resource Constraints 
for Project Control. European Journal of Operational Research, 288(3), 736 752. 
https://doi.org/10.1016/j.ejor.2020.06.015 

Tang, P., Mukherjee, A., & Onder, N. (2013, December). Construction schedule simulation for improved 
project planning: Activity criticality index assessment. In 2013 Winter Simulations Conference (WSC) 
(pp. 3237-3248). IEEE. 

Tavares, L. V., Ferreira, J. A., & Coelho, J. S. (2002). A comparative morphologic analysis of benchmark 
sets of project networks. International Journal of Project Management, 20(6), 475-485. 

Van Slyke, R. M. (1963). Monte Carlo methods and the PERT problem. Operations Research, 11(5), 839-
860. 

Vanhoucke, M. (2010). Using Activity Sensitivity and Network Topology Information to Monitor Project Time 
Performance. Omega, 38(5), 359–370 

Vanhoucke, M. (2011). On The Dynamic Use of Project Performance and Schedule Risk Information During 
Project Tracking. Omega, 39(4), 416–426. https://doi.org/10.1016/j.omega.2010.09.006 

Vanhoucke, M. (2012). Measuring The Efficiency of Project Control Using Fictitious and Empirical Project 
Data. International Journal of Project Management, 30(2), 252–263. 
https://doi.org/10.1016/j.ijproman.2011.05.006 

Vanhoucke, M. (2015). On The Use of Schedule Risk Analysis for Project Management. Journal of Modern 
Project Management. 

Vaseghi, F., & Vanhoucke, M. (2023). A Comparison of Activity Ranking Methods for Taking Corrective 
Actions During Project Control. Computers and Industrial Engineering, 183, 109505. 
https://doi.org/10.1016/j.cie.2023.109505   

Wang, Z., Liu, Y., & Jiyong, D. (2012). Analysis of the most critical index of activities in construction project 
based on completion risk rate. Technics Technologies Education Management. 

Williams, T. M. (1992). Criticality In Stochastic Networks. Journal of the Operational Research Society, 
43(4), 353–357. https://doi.org/10.1038/sj/jors/0430407   

Williams, T. (1995). A classified bibliography of recent research relating to project risk management. 
European journal of operational research, 85(1), 18-38. 

Zarghami, S. A., & Dumrak, J. (2021). Aleatory uncertainty quantification of project resources and its 
application to project scheduling. Reliability Engineering & System Safety, 211, 107637. 


