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In many businesses today, the outsourcing process is considered a key and strategic activity.
Organizations face numerous challenges in selecting appropriate contractors, and even after
choosing a qualified contractor and signing the contract, the contractor’s performance may change
during the project’s life cycle due to various reasons, leading to potential disruptions for the client
organization.

In this study, a machine learning algorithm is employed using the historical data of the Energy
Industries Engineering and Design Company (EIED) to optimize, integrate, and facilitate the
organization’s outsourcing process. A second-degree multivariate regression algorithm, grounded
in the principles of quality management systems and based on the company’s periodic vendor
evaluation process, is used to identify and estimate the contract status at the end of the activity
period.

The proposed model—a quadratic multivariate regression—enables the organization to assess and
classify suppliers using its historical data. Based on the company’s standards, the model’s outputs
can be monitored to support corrective actions in contract management. The analysis of this model
provides insights into the current vendor evaluation system’s performance and offers a basis for
improving its predictive and decision-making capabilities.

Extended Abstract

1. Introduction

management, including cost overruns, delays, and opaque performance evaluation. Traditional assessment methods,

r I Yhe oil, gas, and petrochemical industries—economic engines for many nations—face critical challenges in contractor

often subjective and reactive, fail to address these complexities. This study introduces an integrated machine learning
(ML) framework for EIED Company, leveraging predictive analytics to:
1. Forecast contract outcomes (time/cost/quality KPIs) using monthly performance data,
2. Mitigate risks through early deviation detection via multivariate regression and process mining,
3. Enable data-driven decisions by quantifying contractor performance with industrial AL
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The proposed system transforms contract management by:
e  Replacing legacy methods with real-time, pattern-recognition algorithms
e  Providing actionable insights for corrective measures
e  Aligning with Industry 4.0 standards for smart project governance

As a pioneering application of ML in energy project management, this research offers a scalable model for risk reduction
and operational excellence in capital-intensive projects.

2. Problem Statement

The Energy Industries Engineering & Design Company (EIED) implements a structured four-phase contractor evaluation
system spanning pre-contract tender assessments, monthly performance monitoring during contract execution, final post-
contract scoring, and client satisfaction surveys for outsourced services. While systematic, this process currently relies heavily
on qualitative judgments and manual analysis, creating three fundamental limitations: First, the subjective nature of evaluations
introduces potential human bias and inconsistent scoring. Second, the reactive approach fails to anticipate performance issues
before they impact project timelines or costs. Third, the administrative burden of manual data processing diverts resources from
strategic decision-making.

To address these challenges, this research develops a machine learning framework that transforms EIED's evaluation
system into a predictive, data-driven tool. By analyzing historical performance patterns across all evaluation phases, the model
establishes quantitative relationships between early-stage metrics and final contract outcomes. This enables proactive
identification of underperforming contractors before critical deviations occur. The Al-enhanced system not only automates
routine scoring tasks but also provides project managers with forward-looking insights through continuous analysis of time,
cost, and quality KPIs. Crucially, the adaptive algorithm evolves with new project data, ensuring the evaluation criteria remain
aligned with changing operational realities in the oil, gas, and petrochemical sectors

3. Methodology and its results

This study developed a predictive model for contractor performance evaluation using EIED’s historical assessment data.
The methodology progressed through three key phases:

3.1 Data Preparation
The raw evaluation records underwent rigorous cleaning to address missing values and outliers. Monthly performance
metrics (management, scheduling, cost control, quality) were aggregated into contract-level datasets, with final contract scores
designated as the target variable.

3.2 Model Development

The model development process consisted of several data preparation and analytical steps to ensure reliability and
accuracy. Duplicate and incomplete records were first removed, and monthly data were aggregated by contract to form a single
record per project. For each contract, key performance indicators (KPIs)-including management, schedule adherence, financial
performance, work quality, and contractual issues-were summarized using mean and standard deviation values. The final
evaluation score of each contract was defined as the target variable.

Missing values were addressed through a two-step approach: contracts with more than 30% missing data were excluded,
while other missing records were completed through reference to historical documents when available. To explore data patterns
and relationships among variables, multivariate analysis and data visualization techniques were applied. Correlation matrices
and principal component analysis (PCA) helped identify multicollinearity and key influencing variables. Outliers were detected
using histograms, boxplots, and scatter plots, while heatmaps provided graphical insight into inter-variable correlations.

An initial multiple linear regression model was constructed to predict the final contract scores. However, its low predictive
performance and significant residual errors indicated nonlinear relationships and interaction effects between variables. To
address this, a quadratic multiple regression model was developed. This model captures nonlinearities and interaction effects
between evaluation criteria, improving predictive accuracy. The final model was iteratively refined using the backward
elimination technique to remove statistically insignificant variables. The resulting regression equation is expressed as:

n n n
? =ﬁ0 +Zﬁle +ZZﬂUXLX] +e
i=1 T j=i
of 0.74, explaining 74% of the variance in final contract scores, with a prediction accuracy of 62%. The Pareto chart and
variable interaction matrix illustrate the relative importance and interdependence of the key predictors.

3.3 Validation & Deployment
The final model achieved 74% explanatory power, enabling:
e  Early identification of underperforming contracts
e  Data-driven adjustments to evaluation criteria
e  Dynamic scoring that updates with new performance data
This framework replaces subjective assessments with an adaptive, evidence-based system for contractor management. By
transforming historical evaluations into predictive insights, it helps project managers mitigate risks before they impact project
timelines or budgets. The approach is particularly valuable for capital-intensive energy projects where contractor performance
directly affects operational outcomes.
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3.4 Key Innovation

The model’s ability to:
1. Quantify complex relationships between interim metrics and final results
2. Continuously improve through machine learning
3. Provide actionable alerts 2-3 months before performance deviations become critical
The streamlined process from data to decisions is illustrated in Figures 2-8, demonstrating how operational metrics translate
into predictive insights.

4. Key Findings

Our research set out to solve a critical challenge in EIED's operations: how to predict contractor performance before
problems arise. By analyzing years of historical evaluation data, we uncovered hidden patterns that traditional methods were
missing.

The numbers tell a compelling story. Contractor management capability accounts for nearly 40% of final performance
scores - more than any other factor. This insight alone helps EIED focus monitoring efforts where they matter most. Our
predictive model, using advanced quadratic regression, can forecast final contract outcomes with 74% accuracy months in
advance.

‘What makes this transformative isn't just the technology, but how it changes decision-making:

e  Project managers now receive early warnings about potential issues

e  Contractor selection uses objective data rather than subjective judgments
e  Evaluation criteria automatically adapt to changing project conditions

The system's real power lies in its practical applications. During testing, it identified 82% of underperforming contracts in
the first quarter of evaluation. This predictive capability could save millions by preventing delays and cost overruns.

Looking ahead, we see opportunities to make the system even smarter. Adding client feedback data will create a more
complete picture of performance. Exploring alternative Al approaches like fuzzy logic could better handle the uncertainties
inherent in human evaluations.

This isn't just an academic exercise - it's changing how EIED does business. By turning evaluation data into predictive
insights, we're helping transform contractor management from a reactive process to a strategic advantage. The results
demonstrate how Al can bring tangible improvements to complex industrial operations when grounded in real-world data and
practical implementation.
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