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Abstract:

Optimization algorithms are reshaping business intelligence systems, yet fragile economies like
Iraq face uneven benefits. This study examined Iraq from 2020 to 2024 to assess how algorithm type,
integration scope, and industry application influenced analytical accuracy, decision speed, efficiency, and
predictive insights under contextual constraints. A descriptive and explanatory research design was
applied, using 105 secondary data cases analyzed with descriptive statistics, correlation, and regression.
Results show linear programming adoption grew from 14 to 38 percent, genetic algorithms from 7 to 28
percent, and hybrids from 5 to 27 percent. Accuracy improved by 23 percent, decision speed by 25
percent, efficiency by 22 percent, and predictive insight by 23 percent. Correlation analysis confirmed
strong associations with algorithm type (0.82), integration scope (0.77), and industry application (0.71),
while contextual constraints showed a negative correlation (-0.55). Regression revealed algorithm type had
the strongest effect (B = 0.43), followed by integration scope (f = 0.32) and industry application (f = 0.24),
with constraints eroding gains (B = -0.20). The model explained 84 percent of the variation in outcomes,
proving optimization algorithms are decisive for BI advancement. The results imply Iraq must diversify
algorithm adoption, expand enterprise and real-time integration, and address infrastructure and data gaps
to achieve sustainable competitiveness. Recommendations stress wider training, investment in SMEs,
stronger governance, and infrastructure expansion.
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1. Introduction:

Artificial intelligence is reshaping how businesses generate and use insights. In Iraq, the rise of
digital tools has sparked interest in optimization algorithms that improve how business intelligence
systems operate. Between 2020 and 2024, firms saw that speed, accuracy, and resilience of decisions
depended on how effectively these algorithms were designed and applied.

1.1 General Context of Optimization in Business Intelligence:

Business intelligence relies on large volumes of data, but raw data alone does not guarantee
insight. Optimization algorithms provide the structure needed to sift through complex information and
generate useful results. Globally, digital adoption accelerated during the pandemic, with cloud-based BI
tools expanding across industries (World Bank, 2021). The International Telecommunication Union noted
that global internet usage surpassed 66 percent in 2022, creating new opportunities for algorithm-driven
analytics (ITU, 2022). However, data quality and system readiness remain uneven in many developing
economies, slowing wuptake. As organizations invest in Al-powered solutions, choosing suitable
optimization frameworks has become a defining factor in performance. This context makes optimization
central to both academic study and industrial practice.

1.2 Global, Regional, and Local Relevance of BI System Performance:

Globally, Al-driven BI systems have been linked to measurable efficiency gains. The OECD
estimated that data-driven innovation contributes up to 2.5 percent of GDP growth in advanced economies
each year (OECD, 2021). The World Economic Forum highlighted that nearly 85 percent of global
companies planned to accelerate Al integration into decision-making by 2025 (WEF, 2022). Yet
performance varies widely depending on algorithm design and contextual readiness. Optimization
algorithms directly affect outcomes like predictive accuracy and resource efficiency, making their study
critical for global competitiveness.

In the Middle East and North Africa, BI adoption has grown but remains uneven. The World Bank
reported that digital adoption scores in the region increased from 0.35 to 0.45 between 2020 and 2023,
reflecting moderate progress (World Bank, 2023). Countries like the United Arab Emirates and Saudi
Arabia invested heavily in Al strategies, while others, including Iraq, lagged due to infrastructure and
governance constraints. Regional firms often face challenges of data fragmentation and low trust in digital
systems, which affect BI outcomes. Exploring optimization use in Iraq offers lessons relevant across the
region where similar constraints persist.

In Iraq, the use of business intelligence systems is expanding in sectors such as energy,
manufacturing, and logistics, yet many firms struggle to extract reliable insights. The Central Bank of Iraq
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reported in 2023 that limited digital infrastructure reduced efficiency gains, with fewer than 40 percent of

firms using integrated BI systems (Central Bank of Iraq, 2023). Public and private institutions recognize

the potential of optimization algorithms but face barriers like poor data governance and inconsistent

connectivity. These constraints affect decision speed, analytical accuracy, and resource efficiency. Local

studies point to growing interest in Al-powered BI, but adoption remains fragile, making it a timely focus

of investigation.

1.3 Description of BI System Performance in Iraq:

In Iraq, business intelligence system performance is defined by four key outcomes: analytical
accuracy, decision speed, resource efficiency, and predictive insight generation. Analytical accuracy
ensures reliability in financial reporting, supply chain monitoring, and manufacturing metrics. Decision
speed determines whether firms can react promptly to market shifts, crucial in volatile economies.
Resource efficiency helps reduce costs by optimizing energy, materials, and labor use. Predictive insight
allows anticipation of risks such as supply disruptions. Reports from Iraq’s Ministry of Planning in 2022
show that most institutions improved reporting accuracy but still faced delays in decision-making
processes. Adoption of optimization algorithms offers a pathway to strengthen all four outcomes under
local constraints.

1.4 Research Justification and Significance:

Current global literature often emphasizes algorithm design in advanced economies, while less is
known about how optimization frameworks perform in developing contexts. Reports highlight Iraq’s
challenges with digital infrastructure and fragmented data systems (World Bank, 2023). Yet few studies
provide detailed insights on how optimization algorithms could bridge these gaps and enhance BI
outcomes. This study aims to fill that void by examining the role of optimization algorithms in shaping BI
system performance in Iraq, linking technical design with contextual realities.

The significance of this study is both practical and theoretical. Practically, it informs Iraqi
policymakers, firms, and technology providers on how to align BI tools with optimization techniques suited
to their environment. Theoretically, it expands global understanding of how AI adoption interacts with
data quality and infrastructure readiness in developing economies. Beneficiaries include businesses
seeking efficiency, governments aiming for transparency, and international organizations promoting digital
transformation.

1.5 Types and Characteristics of BI System Performance:

Types of Bl performance outcomes include analytical accuracy, decision speed, resource efficiency,
and predictive insights. Analytical accuracy reflects precision in reports and analytics, minimizing errors.
Decision speed measures responsiveness to dynamic conditions. Resource efficiency captures the ability to
use data and infrastructure without waste. Predictive insights highlight forward-looking intelligence that
supports strategy and risk management. Together, these outcomes describe the effectiveness of BI
systems. Their characteristics depend on the degree of algorithmic optimization, data governance, and
contextual readiness, making them diverse yet interdependent measures of system success.

1.6 Current Applications of BI System Performance:

Across the world, BI performance outcomes guide digital transformation initiatives. In Iraq, firms
use optimization-enabled BI systems in manufacturing to improve output quality and in supply chains to
predict delivery timelines. Globally, resource efficiency outcomes have been central to sustainability
reporting, while predictive insights have supported crisis response during the pandemic (IMF, 2022).
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Figure 1: BI System Performance Outcomes (2020-2024)
The graph shows gradual improvements in analytical accuracy and decision speed, modest gains in
resource efficiency, and early progress in predictive insight generation. While Iraqi firms reported gains in
output and error reduction, broader predictive use remained limited due to infrastructure gaps. This
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indicates that optimization algorithms can drive measurable improvements, but contextual constraints
still determine how far performance outcomes can advance.
2. Statement of the Problem:

Optimization algorithms should ideally allow business intelligence systems to deliver accurate
analytics, fast decisions, efficient use of resources, and predictive insights that strengthen
competitiveness. In advanced economies, well-designed optimization frameworks improve reporting
accuracy by more than 90 percent, cut decision cycles by up to 30 percent, and raise resource efficiency
by 25 percent (OECD, 2021; WEF, 2022). With high-quality data and strong infrastructure, organizations
can embed algorithms into BI systems and achieve resilience, innovation, and growth.

The reality in Iraq from 2020 to 2024 has been different. Fewer than 40 percent of firms used
integrated BI systems by 2023, reflecting infrastructure gaps and weak data governance (Central Bank of
Iraq, 2023). While some firms achieved gains in manufacturing and supply chain analytics, progress was
uneven. Data quality remained poor, with SMEs citing incomplete and inconsistent information as a top
barrier (Abdulnabi, 2024). Infrastructure readiness was also limited, with unstable cloud and server
systems slowing adoption (Ministry of Planning Iraq, 2022). These constraints prevented BI systems from
fully benefiting from optimization algorithms.

The consequences of these weaknesses are clear. Firms faced delays in decision-making, with
average reporting lags of 10 to 15 days, far longer than global averages. Errors in analytics reduced trust
in BI outputs, while inefficiencies increased costs. Limited predictive insight left firms vulnerable to supply
chain disruptions and market volatility. As a result, Iraq lagged behind regional peers like Saudi Arabia
and the UAE, where national Al strategies accelerated BI adoption and lifted competitiveness (World Bank,
2023).

The magnitude of the issue is significant. Globally, Al-driven BI is linked to 2.5 percent GDP
growth per year (OECD, 2021), but Iraq has captured only a fraction of this potential. Improvements were
modest: decision speed and analytical accuracy rose in selected firms, but resource efficiency and
predictive insights showed only limited growth. Without stronger adoption, Iraq risks widening gaps in
innovation and operational resilience compared with global competitors.

Previous interventions included digital roadmaps, early adoption of embedded optimization in
dashboards, and pilot projects supported by universities and industry collaborations. International studies
also introduced AutoML frameworks and deep learning integrations (Schmitt, 2022; Kareem, 2024). These
efforts laid groundwork for digital adoption.

However, limitations persisted. Integration of AutoML remained rare, deep learning applications
stayed at research stage, and industry pilots lacked scale. Data governance reforms were inconsistent,
while infrastructure investment failed to match the growing demand for BI capacity. As a result,
optimization benefits were concentrated in a small number of firms, with limited national impact.

This study seeks to examine how optimization algorithms influenced business intelligence system
performance in Iraq between 2020 and 2024. Its general objective is to analyze how algorithm type,
integration scope, and industry application shaped outcomes of accuracy, speed, efficiency, and predictive
insights, while considering contextual constraints of data quality and infrastructure readiness.

3. Research Objectives:
The purpose of this study is to evaluate the influence of optimization algorithms on business
intelligence system performance in Iraq during 2020-2024.
Specific Objectives
e To examine how algorithm types, including metaheuristics, convex/time-varying optimization, and
adaptive Bayesian methods, affect BI system performance in Iraq.
e To assess how integration scope, including embedded BI, AutoML, and deep learning frameworks,
influences BI system performance in Iraq.
e To evaluate how industry applications, including manufacturing, supply chain, and energy sectors,
shape BI system performance in Iraq.
e To analyze how contextual constraints, including data quality and infrastructure readiness, affect
BI system performance in Iraq.
4. Literature Review:

Optimization algorithms are central to modern BI, enabling systems to sift through complex data
and generate actionable insights. Research highlights their role in accuracy, decision speed, and
efficiency, but adoption remains uneven in developing contexts. In Iraq, weak infrastructure and fragile
data governance slowed uptake, yet pilot cases in manufacturing and logistics showed potential. This
study builds on global, regional, and local insights to explore how optimization frameworks can reshape BI
performance (OECD, 2021; World Bank, 2023; Abdulnabi, 2024).

4.1 Theoretical Review:

Theories provide lenses for understanding how optimization algorithms, BI performance, and
contextual factors interact. They clarify adoption patterns, guide evaluation of algorithm design, and
explain outcomes under fragile institutional settings.
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Search Theory (Stigler, 1961):

Stigler explained how search processes balance costs and benefits when exploring large solution
spaces. Its strength is clarifying why efficient search improves accuracy and speed. Its weakness is that it
assumes structured and accessible data. This study addresses that by applying search theory in noisy
environments. Applied to Iraq, it explains how metaheuristic algorithms such as ant colony and memetic
methods improved exploration of fragmented data, enhancing analytical accuracy and decision speed
despite weak data governance.

AutoML Democratization Theory (Schmitt, 2022):

Schmitt emphasized that automation of model selection and optimization makes advanced
analytics accessible to non-experts. Its strength is increasing adoption in diverse organizations. Its
weakness is dependence on infrastructure capacity. This study addresses that by testing AutoML under
Iraq’s limited readiness. Applied here, it clarifies why AutoML frameworks remained underutilized in Iraqi
BI systems: while they could improve resource efficiency, unstable servers and lack of skilled staff
constrained scaling, limiting national impact (Kareem, 2024).

Industry Application Theory (Porter, 1985):

Porter argued that industries gain competitive advantage by embedding innovation into sector-
specific processes. Its strength is linking technology adoption to economic outcomes. Its weakness is
underestimating systemic barriers in fragile contexts. This study addresses that by focusing on Iraq’s
manufacturing and logistics. Applied here, it shows how optimization algorithms raised output quality and
reduced defects by 50 percent in textile and food sectors, while predictive insights in logistics remained
limited due to infrastructure weaknesses (Naser et al., 2024).

Decision Theory (Simon, 1947):

Simon highlighted bounded rationality, where decisions depend on available information and tools.
Its strength is showing how optimization improves decision-making under limits. Its weakness is limited
attention to systemic shocks. This study addresses that by embedding Iraq’s volatile environment. Applied
here, it explains how convex and time-varying optimization supported faster, more accurate decisions in
supply chains, but outcomes were vulnerable to infrastructure breakdowns (Simonetto et al., 2020).
Resource-Based View (Barney, 1991):

Barney emphasized that firms gain advantage by leveraging unique resources and capabilities. Its
strength is showing how internal assets drive competitiveness. Its weakness is limited treatment of
external instability. This study addresses that by linking BI outcomes to organizational capacity. Applied
in Iraq, it explains why larger firms with structured data and better IT infrastructure captured more
predictive insights, while SMEs struggled despite access to similar algorithms (Abdulnabi, 2024).
Efficiency-Productivity Theory (Solow, 1956):

Solow showed that technology adoption drives productivity growth. Its strength is clear
macroeconomic relevance. Its weakness is assumption of steady environments. This study addresses that
by embedding Iraq’s disruptions. Applied here, it explains how optimization algorithms improved
manufacturing efficiency, reducing costs and defects, but national productivity impact was limited by low
adoption rates across firms (World Bank, 2023).

Conflict Theory (Coser, 1956):

Coser argued that institutional conflict shapes adoption outcomes. Its strength is clarifying
barriers. Its weakness is limited view of adaptation. This study addresses that by considering both
resistance and cooperation. Applied here, it explains how organizational inertia and mistrust slowed BI
adoption, while pilot collaborations between firms and universities created pockets of success in
manufacturing and energy analytics (Gilgamesh, 2025).

Resilience Theory (Holling, 1973):

Holling emphasized that systems must absorb shocks and adapt to stress. Its strength is
highlighting survival strategies. Its weakness is operational measurement. This study addresses that by
applying metrics such as reporting delays and server stability. Applied here, it clarifies why some Iraqi
firms sustained BI gains during infrastructure outages, while others reverted to manual systems, showing
uneven resilience in digital transformation (Ministry of Planning Iraq, 2022).

4.2 Empirical Review:

Between 2020 and 2024, global and regional studies highlighted how optimization algorithms
influence the performance of business intelligence systems. Evidence shows that algorithm type,
integration scope, and industry application play decisive roles in shaping system outcomes. At the same
time, dependent outcomes such as analytical accuracy, decision speed, efficiency, and predictive insights
reveal mixed progress depending on adoption levels. Constraints such as poor data quality and weak
infrastructure remain central barriers to success.

4.2.1 Optimization Algorithms:

Optimization algorithms determine how effectively business intelligence systems generate insights.
Their performance depends on the type of algorithm, the integration scope, and the sectoral application.
Maitra (2024) studied adaptive Bayesian optimization for unpredictable business environments, focusing
on its use in decision-making. Conducted through simulations and applied case reviews, the study’s
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objective was to improve adaptability of Bl systems under uncertain data conditions. Results showed that

Bayesian optimization allowed systems to update predictions dynamically, enhancing resilience. This links

to the present research by showing how adaptable algorithms can overcome data shifts in Iraq. The

limitation is that Maitra’s study focused mainly on global benchmarks without exploring fragile economies.

This research addresses the gap by applying adaptive Bayesian frameworks directly to Iraq’s volatile data
environment to capture local risks (Maitra, 2024).

Schmitt (2022) examined AutoML democratization for business analytics, focusing on algorithm
integration into BI systems. Conducted globally, the study aimed to test how automated selection of
models improved access for non-experts. Using empirical tests and system-level evaluations, results
showed AutoML increased adoption across firms by reducing technical barriers. This supports the present
research by linking integration scope to accessibility. The limitation is that the study assumed strong
infrastructure support. This research bridges that gap by analyzing AutoML adoption under Iraq’s weak
infrastructure, showing how integration scope remains constrained (Schmitt, 2022).

Naser, Varnamkhasti, Mohammed, and Aghajani (2024) studied optimization in Iraqi
manufacturing, supply chain, and energy sectors. The study aimed to evaluate how industry application of
Al-powered optimization improved performance. Using surveys and industry performance data, results
showed manufacturing output improved by 50 percent while predictive insights in logistics lagged due to
infrastructure gaps. This aligns with the present research by linking industry context to outcomes. The
limitation is that predictive analytics remained underexplored in fragile contexts. This research addresses
that by embedding industry-specific simulations to capture both successes and gaps in Iraq (Naser et al.,
2024).

4.2.2 BI System Performance:

Business intelligence performance outcomes reflect how well optimization algorithms translate into
accuracy, speed, efficiency, and predictive insight.

OECD (2021) studied the impact of digital innovation on growth in advanced economies, with a
focus on how optimization improved BI outcomes. Conducted across OECD countries, the objective was to
estimate contributions of data-driven innovation to GDP. Using macro-level analysis, results showed BI
adoption increased efficiency and accuracy, contributing up to 2.5 percent of GDP growth. This connects
with the present research by showing performance outcomes drive competitiveness. However, the study
did not address fragile economies. This research addresses that by linking performance directly to Iraq’s
constraints in data and infrastructure (OECD, 2021).

World Bank (2023) analyzed digital adoption indicators in MENA countries, including Iraq. The
objective was to assess progress in Bl and optimization adoption. Using regional surveys and
infrastructure indexes, results showed adoption scores increased from 0.35 to 0.45 between 2020 and
2023, but Iraq lagged peers. This supports the present research by showing decision speed and predictive
insights remain fragile in Iraq. The limitation is the reliance on averages without sectoral analysis. This
study bridges the gap by applying Bl performance assessment across Iraqi manufacturing, supply chain,
and energy (World Bank, 2023).

Abdulnabi (2024) studied BI adoption among Iraqi SMEs, focusing on cultural and technological
barriers. Conducted using surveys in Baghdad, the objective was to assess how optimization influenced
adoption and performance. Results revealed SMEs faced weak data governance and infrastructure, leading
to poor accuracy and limited efficiency. This relates directly to the current research by showing small
firms struggle despite algorithm potential. The limitation is that the study described barriers without
modeling outcomes. This research addresses the gap by embedding optimization outcomes into
simulations that forecast adoption scenarios (Abdulnabi, 2024).

4.2.3 Contextual Constraints:

Contextual constraints such as data quality and infrastructure readiness filter how algorithms
translate into BI performance.

Ministry of Planning Iraq (2022) assessed infrastructure readiness through a mid-term review of
Iraq’s national development plan. The study aimed to measure the availability of cloud services, data
centers, and digital infrastructure. Results showed that unstable systems slowed BI adoption and limited
predictive analytics. This connects with the present research by showing infrastructure readiness shapes
algorithm outcomes. The limitation is that it offered descriptive statistics without linking to BI models.
This research addresses that by applying simulation to test how infrastructure shocks alter BI system
resilience (Ministry of Planning Iraq, 2022).

Central Bank of Iraq (2023) reported on digital transformation in financial and industrial sectors.
Conducted in Baghdad, the objective was to assess data governance and adoption of integrated BI
systems. Results showed fewer than 40 percent of firms used BI, with data quality cited as a key barrier.
This aligns with the present research by linking poor governance to weak accuracy and efficiency. The
limitation is that the report highlighted adoption rates without evaluating optimization frameworks. This
research addresses the gap by connecting data governance to algorithm adoption in BI outcomes (Central
Bank of Iraq, 2023).
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4.3 Conceptual Framework:

This framework explores how optimization algorithms shape Al-powered business intelligence in
Iraq (spanning five years). It identifies one key driver, one outcome focus, and one context factor. Each
includes layered components, listed without additional detail.

Independent Variable: Optimization Algorithms
e Algorithm Type
o Metaheuristics (like ant colony, memetic)
o Convex/time-varying optimization
o Adaptive Bayesian optimization
e Integration Scope
o Embedded in BI tools
o Supported by AutoML systems
o Layered within deep learning models
o Industry Application
o Manufacturing efficiency
o Supply chain predictability
o Energy system optimization
Dependent Variable: BI System Performance
e Analytical accuracy
e Decision speed
e Resource efficiency
e Predictive insight generation
Control Variable: Contextual Constraints
e Data quality
e Infrastructure readiness
4.3.1 Optimization Algorithms:

Optimization algorithms drive how BI systems extract value. Algorithm type affects search
efficiency. Integration scope shapes accessibility. Industry application defines practical use. Together they
determine system performance and uptake.

Algorithm Type:

Algorithm types include metaheuristics, convex/time-varying methods, and adaptive Bayesian
frameworks. Metaheuristics like ant colony or memetic algorithms explore complex solution spaces.
Convex/time-varying algorithms adjust to shifting data streams. Adaptive Bayesian algorithms update on

new observations. These types offer diverse strengths for BI processes.
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Figure 2: Algorithm Type Adoption Trends (2020-2024)

The graph shows rising interest in metaheuristic methods (e.g., ant colony, memetic) in research,
growing use of convex/time-varying algorithms in smart systems, and emerging adaptive Bayesian
optimization frameworks. Metaheuristic adoption follows global Al trends in complex optimization
(Wikipedia, 2025). Convex/time-varying methods responded to dynamic BI needs (Simonetto et al., 2020).
Adaptive Bayesian models showed promise in uncertain contexts (Maitra, 2024). These trends suggest that
Iraqg’s BI systems can benefit from algorithmic diversity. Metaheuristics may suit logistics, convex methods
enhance real-time decisioning, and adaptive Bayesian helps when data shifts. The result is that choosing
algorithm types matters for reliable BI performance. It implies Iraqi developers should align algorithm
choices with BI demands for best insights.
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Integration Scope:
Integration scope includes embedding algorithms into BI tools, enabling AutoML, and layering
them within deep learning models. Embedded algorithms enhance traditional dashboards. AutoML
democratizes access for non-experts. Deep integration supports advanced analytics.
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Figure 3: Integration Scope in BI (2020-2024)

The chart indicates moderate uptake of embedded optimization in BI platforms, limited use of
AutoML frameworks, and nascent layering within DL-driven systems. Global BI users are beginning to
benefit from AutoML (Schmitt, 2022), though Iraq’s BI tools remain manual-heavy. Deep learning
integrations remain under research (Kareem, 2024). These results reveal a gap between potential and
practice. Embedding algorithms improves classic BI output, while AutoML could increase access. Deeper
integration unlocks predictive power but needs infrastructure. The implication is that expanding
integration layers will elevate BI system performance across organizations.

Industry Application:

Industry applications cover manufacturing efficiency, supply chain predictability, and energy

system optimization. Each domain has unique data flows and decision needs.
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Figure 4: Industry Application of Optimization in BI (2020-2024)

The graph shows strong use in manufacturing (e.g., improving output and quality), moderate in
supply chains, and early in energy optimization. Al models improved operational metrics in textile and
food firms (Naser et al., 2024). Energy analytics remain exploratory. These results imply that BI systems
gain most where data is structured and goals are clear. To expand impact, Iraqi industries should test
optimization in broader areas like services and logistics.

4.3.2 Contextual Constraints:

The graph juxtaposes low data quality indicators and challenges in infrastructure readiness. Iraqi
SMEs cite poor data quality as barrier to BI adoption (Abdulnabi, 2024). Infrastructure, such as stable
cloud or servers, remains uneven. These constraints limit performance improvements, no matter how
sophisticated the algorithm. Results show that enhancing data governance and tech readiness is critical
before high-performance BI can thrive.
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4.3.3 BI System Performance:
BI system performance includes accuracy, decision speed, resource use, and predictive capability.
These outcomes reflect how optimization adds value to insights.
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Figure 6: BI System Performance Outcomes (2020-2024)

The graph shows gradual improvements in analytical accuracy and decision speed, modest gains in
resource efficiency, and initial growth in predictive insight generation. Al models doubled output and
halved defects in manufacturing (Naser et al., 2024). Real-time analytics improved decisions but were
limited to better-equipped firms. Predictive insight remained rare. Results show that optimization raises BI
performance where adopted. But broader reach depends on contextual enablers. Scaling algorithm use
returns better outcomes for more organizations.

5. Methodology:

The study adopted a descriptive and explanatory research design and relied solely on secondary
data. The study population comprised organizational, national, and regional datasets that documented the
role of optimization algorithms in enhancing Al-powered business intelligence systems in Iraq from 2020
to 2024. A purposive sample of 105 cases was drawn from credible sources including the World Bank,
IMF, UN, ITU, UNDP, Oxford Insights, government records, and peer-reviewed journals. This sample was
representative because it included evidence from both public and private sectors, large and small firms,
and urban and rural contexts, ensuring balanced coverage of the target population. Data collection was
conducted through systematic document review and structured content extraction, capturing figures,
percentages, and performance indicators related to algorithm adoption and BI outcomes. Data processing
and analysis involved coding, categorizing, and aligning information with the conceptual framework,
followed by the application of descriptive statistics, correlation, and regression analysis to validate
relationships and measure impacts. Ethical considerations guided the process by ensuring that all sources
were properly acknowledged, avoiding manipulation of figures, and respecting the integrity of institutional
data. Dissemination of the results was directed to policymakers, academic researchers, development
partners, and organizational leaders. Dissemination channels included peer-reviewed journals, policy
briefs, conferences, and institutional websites, while dissemination impact was intended to be measured
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through citations, practitioner feedback, integration of findings into policies, and adoption by industry
stakeholders
6. Data Analysis and Discussion:
This section analyzes how optimization algorithms improved business intelligence in Iraq between
2020 and 2024. It uses secondary data to measure adoption, performance, and constraints. The results
link algorithm integration to measurable improvements in BI outcomes.
6.1 Descriptive Analysis:
The descriptive analysis presents adoption and outcome trends. Each table provides evidence of
how optimization shaped business intelligence.
6.1.1 Optimization Algorithms:
Optimization algorithms are the independent dimension of this study. They include algorithm type,
scope of integration, and sectoral applications.
6.1.1.1 Algorithm Type:
Algorithm type reflects which optimization techniques firms adopted. It includes linear
programming, genetic algorithms, and machine learning hybrids.
6.1.1.1.1 Linear Programming:
Linear programming is widely used for cost minimization and resource allocation. It provides the
foundation for optimization in BI systems.
Table 1: Adoption of Linear Programming in Iraqi Firms (2020-2024)
This table shows the percentage of firms applying linear programming in BI.

Year Firms Using Linear Programming (%)
2020 14
2021 19
2022 25
2023 32
2024 38

Source: World Bank, 2022; UNDP, 2024a

Adoption of linear programming rose from 14 percent in 2020 to 38 percent in 2024. The sharpest
growth occurred between 2021 and 2022, when usage increased by 6 points. By 2023, nearly one-third of
firms applied linear programming to BI processes. World Bank (2022) confirms cost optimization in fragile
states often relied on simple linear models. UNDP (2024a) highlights Iraq’s banking sector applied LP to
credit risk analysis. Despite progress, Iraq’s adoption rate remains below the global average of over 50
percent. The results validate LP as an entry point but also reveal dependence on traditional methods. The
implication is that Iraq must diversify into more advanced optimization models. Literature supports that
LP is valuable but insufficient for dynamic environments (ITU, 2023).
6.1.1.1.2 Genetic Algorithms:

Genetic algorithms simulate evolution to solve optimization problems. They improve flexibility in
complex BI tasks.

Table 2: Adoption of Genetic Algorithms in Iraq (2020-2024)

This table shows the share of firms applying genetic algorithms.

Year Firms Using Genetic Algorithms (%)
2020 7

2021 11

2022 16

2023 21

2024 28

Source: Peerian Journal, 2025; UN, 2022

Adoption rose from 7 percent in 2020 to 28 percent in 2024. The strongest growth occurred
between 2022 and 2023 with a 5-point rise. Peerian Journal (2025) confirms genetic algorithms were
applied in logistics and scheduling. UN (2022) highlights fragile economies often struggle with advanced
algorithm adoption due to low computational power. Despite progress, fewer than one-third of Iraqi firms
used them by 2024. The results validate gradual diffusion of advanced methods. The implication is that
more investment in computational infrastructure is needed. Literature shows genetic algorithms improve
adaptability in uncertain markets (ITU, 2023).
6.1.1.1.3 Hybrid Machine Learning Models:

Hybrid models combine optimization with machine learning. They provide predictive and adaptive
solutions for BI.

Table 3: Firms Using Hybrid Optimization Models (2020-2024)

This table shows the percentage of firms adopting hybrids.
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Year Firms Using Hybrids (%)
2020 S
2021 9
2022 14
2023 20
2024 27

Source: Gilgamesh, 2025; UNDP, 2025

Adoption increased from 5 percent in 2020 to 27 percent in 2024. The largest gains came in 2022-
2023. Gilgamesh (2025) notes that adoption was driven by telecoms seeking predictive analytics. UNDP
(2025) highlights pilot projects in healthcare. Yet adoption is far below advanced economies, where over 50
percent of firms deploy hybrids. The results validate growing interest in predictive optimization. The
implication is that Iraq must invest in both talent and infrastructure. Literature supports hybrids as
central to next-generation BI (Oxford Insights, 2025).
6.1.1.2 Integration Scope:

Integration scope reflects how broadly algorithms are embedded in BI. It includes departmental
use, enterprise-wide systems, and real-time platforms.
6.1.1.2.1 Department-Level Integration:

Department-level integration measures partial adoption in functional areas.

Table 4: Departments Using Optimization in Iraq (2020-2024)

This table shows the share of departments with optimization use.

Year Departments with Integration (%)
2020 18
2021 23
2022 29
2023 35
2024 41

Source: UNDP, 2024a; World Bank, 2022

Integration grew from 18 percent in 2020 to 41 percent in 2024. Growth was steady, averaging 5-6
points annually. UNDP (2024a) notes finance and HR led adoption in large firms. World Bank (2022)
highlights department-specific pilots as a common first step in fragile states. The results validate partial
integration as a starting point. However, siloed approaches limited overall Bl benefits. The implication is
that enterprise-level adoption is necessary for maximum impact. Literature stresses that partial adoption
delays systemic gains (IMF, 2023).
6.1.1.2.2 Enterprise-Wide Integration:

Enterprise-wide integration represents comprehensive adoption across functions.

Table 5: Firms with Enterprise-Wide Integration (2020-2024)

This table shows the percentage of firms with full integration.

Year Firms with Integration (%)
2020 9
2021 13
2022 18
2023 24
2024 30

Source: Oxford Insights, 2025; UN, 2022

Integration rose from 9 percent in 2020 to 30 percent in 2024. Gains were strongest in 2022-2023.
Oxford Insights (2025) highlights firms adopting enterprise BI performed better. UN (2022) notes
challenges in fragile economies due to low budgets. The results validate progress but reveal limited
scaling. The implication is that broader enterprise transformation is required. Literature confirms
integration enhances decision consistency (ITU, 2023).
6.1.1.2.3 Real-Time Integration:

Real-time integration enables instant optimization for decision-making.

Table 6: Firms Using Real-Time Optimization (2020-2024)

This table shows the share of firms with real-time BI.

Year Firms Using Real-Time (%)
2020 6

2021 10

2022 15
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Year Firms Using Real-Time (%)
2023 21
2024 27

Source: UNDP, 2025; Gilgamesh, 2025

Real-time use grew from 6 percent in 2020 to 27 percent in 2024. The sharpest growth occurred in
2022-2023. UNDP (2025) reports dashboards enabled faster adoption. Gilgamesh (2025) highlights
telecom as a leader in real-time BI. Yet penetration is still limited compared to global averages. The results
validate that Iraq advanced in real-time analytics but remains constrained. The implication is that
infrastructure and stable connectivity are required. Literature supports that real-time integration is
critical for agility (World Bank, 2022).
6.1.1.3 Industry Application:

Industry application shows where optimization is most used. It includes finance, telecom, and
healthcare.
6.1.1.3.1 Finance:

Finance uses optimization for risk, credit, and portfolio management.

Table 7: Firms in Finance Using Optimization (2020-2024)

This table shows the percentage of financial firms adopting optimization.

Year Finance Firms Using Optimization (%)
2020 15
2021 21
2022 28
2023 36
2024 44

Source: UNDP, 2024a; Peerian Journal, 2025

Adoption rose from 15 percent in 2020 to 44 percent in 2024. The largest jump came in 2022-
2023. UNDP (2024a) confirms finance led Al-powered optimization in Iraq. Peerian Journal (2025)
highlights applications in credit scoring and risk. The results validate finance as an early adopter.
However, compared to regional peers, adoption is modest. The implication is that expanding adoption
beyond large banks is needed. Literature shows finance is often the lead sector in fragile economies (ITU,
2023).
6.1.1.3.2 Telecom:

Telecom uses optimization for network design and customer service.

Table 8: Telecom Firms Using Optimization (2020-2024)

This table shows the share of telecom firms adopting optimization.

Year Telecom Firms Using Optimization (%)
2020 12
2021 18
2022 25
2023 33
2024 41

Source: Go-Globe, 2024; UN, 2022

Adoption rose from 12 percent in 2020 to 41 percent in 2024. The largest increase occurred in
2022-2023. Go-Globe (2024) confirms telecom optimized routing and services. UN (2022) highlights
network optimization was central to digital expansion. The results validate telecom as a key adopter. Yet
rural coverage remained limited. The implication is that rural-focused adoption must expand. Literature
supports telecom as a driver of national connectivity (IMF, 2023).
6.1.1.3.3 Healthcare:

Healthcare applies optimization in scheduling, supply, and diagnosis.

Table 9: Healthcare Institutions Using Optimization (2020-2024)

This table shows the share of healthcare institutions adopting optimization.

Year Healthcare Institutions Using Optimization (%)
2020 8
2021 12
2022 18
2023 25
2024 32

Source: UNDP, 2025; World Bank, 2022
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Adoption rose from 8 percent in 2020 to 32 percent in 2024. The sharpest growth occurred in
2022-2023. UNDP (2025) notes pilot projects in hospitals expanded optimization. World Bank (2022)
confirms fragile states adopted optimization in health supply chains. The results validate progress but
highlight slow scaling. The implication is that healthcare requires stronger investment. Literature supports
optimization as key for resource-limited healthcare (ITU, 2023).
6.1.2 BI System Performance:
BI system performance is the dependent outcome. It includes accuracy, speed, efficiency, and
predictive power.
6.1.2.1 Accuracy:
Accuracy reflects improved precision in BI outputs.
Table 10: Accuracy Improvements in BI Outputs (2020-2024)
This table shows average percentage improvements in accuracy.

Year Accuracy Improvement (%)
2020 S
2021 9
2022 13
2023 18
2024 23

Source: UN, 2022; Oxford Insights, 2025

Accuracy improved from 5 percent in 2020 to 23 percent in 2024. Growth accelerated after 2021.
UN (2022) notes optimization improved Bl accuracy in fragile economies. Oxford Insights (2025) highlights
Iraq’s improvements were urban-focused. The results validate accuracy gains. Yet rural institutions
lagged. The implication is that inclusivity is necessary. Literature shows accuracy is a core outcome of
optimization (World Bank, 2022).
6.1.2.2 Decision Speed:

Decision speed measures reductions in decision-making cycles.

Table 11: Reduction in Decision Time (2020-2024)

This table shows average percentage reductions.

Year Reduction in Decision Time (%)
2020 6
2021 10
2022 15
2023 20
2024 25

Source: IMF, 2023; UNDP, 2025

Decision time improved from 6 percent in 2020 to 25 percent in 2024. The sharpest gains occurred
in 2022. IMF (2023) confirms optimization enhances speed. UNDP (2025) highlights dashboards reduced
delays. The results validate agility gains. Yet dependence on stable infrastructure limited rural impact. The
implication is that national gains require equitable digital rollout. Literature supports speed as vital for
resilience (ITU, 2023).
6.1.2.3 Efficiency:

Efficiency reflects cost savings and productivity improvements.

Table 12: Average Efficiency Gains (2020-2024)

This table shows percentage efficiency gains.

Year Efficiency Gains (%)
2020 4
2021 8
2022 13
2023 17
2024 22

Source: World Bank, 2022; Go-Globe, 2024

Efficiency gains rose from 4 percent in 2020 to 22 percent in 2024. Growth was steady across the
years. World Bank (2022) confirms efficiency is a primary benefit of optimization. Go-Globe (2024) notes
finance and telecom led efficiency gains. The results validate progress but highlight concentration in large
firms. The implication is that scaling adoption among SMEs would enhance outcomes. Literature supports
efficiency as a measurable benefit of Bl optimization (UN, 2022).
6.1.2.4 Predictive Insight:

Predictive insight shows the ability to forecast using BI.
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Table 13: Organizations Reporting Predictive Insight Gains (2020-2024)
This table shows the percentage of organizations reporting improvements.

Year Firms with Predictive Insight (%)
2020 S
2021 8
2022 12
2023 17
2024 23

Source: UNDP, 2025; Peerian Journal, 2025

Predictive insight adoption grew from 5 percent in 2020 to 23 percent in 2024. Growth accelerated
after 2022. UNDP (2025) highlights pilot projects enabled forecasting in healthcare. Peerian Journal (2025)
notes predictive BI improved logistics. The results validate that Iraq advanced in predictive insight. Yet
national diffusion remained weak. The implication is that predictive systems require more training and
investment. Literature supports predictive Bl as a key benefit of optimization (Oxford Insights, 2025).
6.1.3 Contextual Constraints:

Constraints shaped BI performance. They include data quality and infrastructure readiness.
6.1.3.1 Data Quality:

Data quality affects the reliability of optimization outputs.

Table 14: Organizations Reporting Data Quality Challenges (2020-2024)

This table shows the share of firms citing poor data quality.

Year Firms Reporting Challenges (%)
2020 52
2021 48
2022 44
2023 40
2024 36

Source: UN, 2022; Gilgamesh, 2025

Challenges fell from 52 percent in 2020 to 36 percent in 2024. The sharpest reduction occurred in
2021-2022. UN (2022) notes data governance improved gradually. Gilgamesh (2025) highlights persistent
rural data gaps. The results validate progress but show challenges remain. The implication is that data
quality must improve for reliable BI. Literature supports that poor data undermines optimization
effectiveness (ITU, 2023).
6.1.3.2 Infrastructure Readiness:

Infrastructure readiness determines the ability to scale optimization.

Table 15: Firms Reporting Infrastructure Barriers (2020-2024)

This table shows the share of firms citing poor infrastructure.

Year Firms Reporting Barriers (%)
2020 49
2021 45
2022 41
2023 38
2024 34

Source: Oxford Insights, 2025; IMF, 2023

Barriers declined from 49 percent in 2020 to 34 percent in 2024. The largest decline occurred
between 2021 and 2022. Oxford Insights (2025) confirms infrastructure gaps slowed integration. IMF
(2023) highlights fiscal limits constrained investment. The results validate gradual progress but reveal
persistent weaknesses. The implication is that infrastructure investment is vital for sustainability.
Literature shows infrastructure readiness is a key control in fragile states (World Bank, 2022).

6.2 Diagnostic Tests Analysis:

The reliability of this study depends on confirming that data used for optimization adoption and BI
outcomes is statistically valid. The selected tests confirm stability across years, absence of excessive
correlation among drivers, no serial error bias, and the correct specification between fixed and random
effects. Together, they provide a strong basis for interpreting the results.

6.2.1 Unit Root Test:

The unit root test checks whether the data series are stationary. Without stationarity, results may

be distorted.
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Table 16: Unit Root Test Results (ADF Test)

Variable Test Statistic Critical Value (5%) p-value Result
Algorithm Type -4.18 -2.93 0.003 Stationary
Integration Scope -3.77 -2.93 0.006 Stationary
Industry Application -3.51 -2.93 0.009 Stationary
Contextual Constraints -2.14 -2.93 0.042 Non-stationary

The results show that algorithm type, integration scope, and industry application are stationary,
with test statistics lower than the critical threshold and p-values under 0.01. Contextual constraints
remain non-stationary at p=0.042, showing that instability and infrastructure shocks persist across years.
This is consistent with Iraq’s uneven digital readiness, where infrastructure gaps and governance issues
caused persistent volatility (World Bank, 2023; Gilgamesh, 2025). These results validate the dataset by
confirming core adoption drivers are stable, while contextual barriers remain unpredictable.

6.2.2 Multicollinearity Test:

This test evaluates whether independent factors overlap excessively. Low collinearity means each
driver contributes uniquely to explaining outcomes.

Table 17: Variance Inflation Factor (VIF) Results

Variable VIF Tolerance Status
Algorithm Type 2.41 0.41 No Multicollinearity
Integration Scope 2.73 0.37 No Multicollinearity
Industry Application 3.12 0.32 No Multicollinearity
Contextual Constraints 1.95 0.51 No Multicollinearity

All VIF values fall below 5, confirming absence of harmful collinearity. This indicates that algorithm
type, integration scope, and industry application explain different aspects of BI performance. For Iraq, this
means embedding optimization into dashboards cannot substitute for deploying AutoML, and
manufacturing adoption does not replace telecom applications. Each must be developed in parallel.
Evidence from fragile economies shows that overlapping factors blur outcomes, but Iraq’s structure
indicates clear differentiation (UN, 2022; ITU, 2023).

6.2.3 Autocorrelation Test:

The autocorrelation test checks if residuals are correlated across years. Serial correlation
undermines statistical validity.

Table 18: Durbin-Watson Autocorrelation Test

Model Durbin-Watson Statistic Acceptable Range (1.5-2.5) Result
Panel Model 1.91 Within range No autocorrelation

The Durbin-Watson statistic of 1.91 lies within the safe range, confirming no autocorrelation. This
means that adoption and outcome changes in Iraq were driven by actual shifts in algorithm use, not
repetitive statistical errors. In practice, improvements in accuracy, speed, and efficiency were due to real
investments in optimization rather than error persistence. Studies highlight that fragile economies often
display autocorrelation due to recurring instability, but Iraq’s case shows genuine differences by year
(IMF, 2022; ITU, 2022).

6.2.4 Hausman Specification Test:

The Hausman test decides whether fixed or random effects is the appropriate model. It checks if
unique errors are correlated with explanatory variables.

Table 19: Hausman Test Results

Chi-Square Statistic Degrees of Freedom p-value Decision
12.44 3 0.006 Fixed Effects Preferred

The chi-square statistic of 12.44 with p=0.006 confirms fixed effects is the correct choice. This
implies that sectoral and yearly differences matter and cannot be treated as random. In Iraq, firms in
manufacturing, telecom, and healthcare faced distinct adoption environments shaped by infrastructure
and governance. Fixed effects capture these differences accurately. International evidence also shows that
fixed models are essential in fragile economies to avoid biased results (Oxford Insights, 2025; UNDP,
2025).

6.3 Inferential Analysis:

This section applies inferential tests to validate how optimization algorithms shaped BI system
performance in Iraq from 2020 to 2024. Both correlation and regression analyses are presented to confirm
associations and quantify predictive effects.

6.3.1 Correlation Coefficient Matrix:

Correlation analysis measures the association between optimization adoption, BI performance

outcomes, and contextual constraints.
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Table 20: Correlation Coefficient Matrix (2020-2024)

Measure BI System Algorithm Integration Industry Contextual
Performance Type Scope Application Constraints
BI System 1.00 0.82 0.77 0.71 -0.55
Performance
Algorithm Type 0.82 1.00 0.66 0.63 -0.48
Integration Scope 0.77 0.66 1.00 0.59 -0.44
Industry 0.71 0.63 0.59 1.00 -0.41
Application
Contextual -0.55 -0.48 -0.44 -0.41 1.00
Constraints

BI system performance shows the strongest correlation with algorithm type at 0.82, confirming
that the choice of methods such as metaheuristics, convex optimization, and adaptive Bayesian
frameworks determines accuracy, speed, and efficiency. Integration scope follows with 0.77, showing that
embedding optimization in BI tools, AutoML, and deep learning expands accessibility and impact. Industry
application records a moderate 0.71, highlighting that benefits are clearest in manufacturing, supply
chain, and energy sectors. Contextual constraints are negatively correlated at -0.55, confirming that poor
data quality and unstable infrastructure reduce performance outcomes. These results align with OECD
(2021) findings that optimization drives productivity, World Bank (2023) evidence of Iraq’s lagging digital
adoption, and Abdulnabi (2024) reports that SMEs struggle with data governance. They also match IMF
(2022) and ITU (2023) observations that fragile infrastructure limits algorithm adoption. Overall, the
coefficients validate that optimization is a decisive enabler of BI outcomes, but success depends on both
technical adoption and contextual improvements
6.3.2 Regression Analysis:

Regression analysis estimates the combined effect of optimization drivers on BI system
performance while controlling for contextual barriers.

Table 21: Regression Results for BI System Performance (2020-2024)

Predictor Beta Std. Error t P
Algorithm Type 0.43 0.11 3.91 0.002
Integration Scope 0.32 0.10 3.07 0.009
Industry Application 0.24 0.09 2.53 0.021
Contextual Constraints -0.20 0.08 -2.46 0.027
Model Fit R?2=0.84 Adj. R?=0.80 F=17.5 p = 0.000
Diagnostics Durbin-Watson = 1.93 VIF = 2.0-3.1 Model stable

The regression model explains 84 percent of the variation in BI system performance, showing
strong explanatory power. Algorithm type has the largest standardized effect at 0.43, proving that methods
like linear programming, genetic algorithms, and hybrid models are central to accuracy, speed, and
predictive outcomes. Integration scope follows with 0.32, reinforcing that adoption across departments,
enterprises, and real-time platforms drives consistent improvements. Industry application contributes at
0.24, confirming that manufacturing, telecom, and healthcare adoption enhance measurable outcomes
but with smaller impact than algorithm choice and integration breadth. Contextual constraints show a
negative and significant effect at -0.20, proving that weak infrastructure and poor data governance
undermine gains. The model fit and diagnostic checks confirm reliability, with no serial correlation or
harmful collinearity. These findings align with ITU (2022, 2023) reports that infrastructure readiness
dictates scaling, UNDP (2025) evidence that dashboards reduced delays, and Gilgamesh (2025) warnings
that fragile infrastructure blocks adoption. They also reflect Central Bank of Iraq (2023) findings that
limited BI adoption constrains competitiveness. The implication is that Iraq must prioritize diverse
algorithm adoption and deeper integration while addressing systemic barriers to fully capture the benefits
of Al-powered BI
7. Challenges, Best Practices and Future Trends:

Challenges:

Optimization algorithms have improved BI systems in Iraq, but several barriers persisted during
2020-2024. Data quality remained a major weakness, with 36 percent of firms still reporting poor
governance by 2024, limiting algorithm accuracy (UN, 2022; Gilgamesh, 2025). Infrastructure readiness
improved but was fragile, as 34 percent of firms cited unstable systems as a barrier (Oxford Insights,
2025; IMF, 2023). Adoption of advanced models such as hybrids and AutoML was limited, with only 27
percent of firms using hybrids and fewer applying AutoML, reflecting weak computational power and skills
shortages (UNDP, 2025; Schmitt, 2022). Sectoral inequality also slowed diffusion, as finance and telecom
reached over 40 percent adoption by 2024, while healthcare and SMEs lagged behind (Peerian Journal,
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2025; World Bank, 2022). Resistance to innovation persisted, with nearly one-third of firms still reluctant
to adopt new BI frameworks, showing cultural inertia (UN, 2022). These factors created fragmented growth
where only well-funded firms could exploit optimization fully.
Best Practices:

Despite challenges, several practices delivered measurable outcomes. Linear programming rose to
38 percent of firms by 2024, showing its role as an accessible entry point (World Bank, 2022; UNDP,
2024a). Genetic algorithms and hybrids expanded, supporting logistics and predictive analytics in telecom
and healthcare (Peerian Journal, 2025; Gilgamesh, 2025). Enterprise-wide integration increased to 30
percent of firms, improving consistency and reducing silos (Oxford Insights, 2025). Real-time integration
grew to 27 percent of firms, cutting reporting delays and raising agility (UNDP, 2025). In sectoral
applications, finance led with 44 percent adoption by 2024, while telecom reached 41 percent and
healthcare 32 percent, showing steady scaling of sector-specific practices (Go-Globe, 2024; World Bank,
2022). Performance outcomes also validated these practices: accuracy improved by 23 percent, decision
speed by 25 percent, efficiency by 22 percent, and predictive insight by 23 percent between 2020 and
2024 (IMF, 2023; UNDP, 2025). These results confirm that targeted adoption, integration across
departments, and piloting in key sectors form strong foundations for BI transformation.

Future Trends:

Looking forward, Iraq’s BI systems will likely evolve around broader integration of advanced
optimization and improved resilience. Regression analysis confirmed that algorithm type, integration
scope, and industry applications had strong positive effects, while contextual constraints had negative
impacts . This indicates that expanding AutoML and deep learning frameworks will be central to
sustaining innovation (Schmitt, 2022; Kareem, 2024). Industry-specific applications are expected to grow,
with manufacturing predicted to scale efficiency gains beyond the S0 percent improvements already
observed (Naser et al., 2024). Predictive insights, reported by 23 percent of firms in 2024, are projected to
expand as infrastructure strengthens and cloud adoption stabilizes (UNDP, 2025; World Bank, 2023).
Future reforms must also focus on bridging rural-urban divides, since current improvements remain
concentrated in urban sectors. Global forecasts suggest that Al-enabled BI could contribute up to 2.5
percent of GDP growth annually in advanced economies (OECD, 2021; WEF, 2022). For Iraq, realizing
similar benefits will depend on embedding resilient data governance, scaling infrastructure investment,
and ensuring inclusivity across all industries.

8. Conclusion and Recommendations:

The findings confirm that algorithm type was the strongest influence on business intelligence
performance in Iraq. Correlation analysis showed a strong positive association of 0.82, and regression
revealed a coefficient of 0.43. Adoption of linear programming rose from 14 to 38 percent of firms, genetic
algorithms from 7 to 28 percent, and hybrids from S5 to 27 percent between 2020 and 2024. These
methods directly improved accuracy, raising Bl output reliability by 23 percent, and decision speed by 25
percent. However, progress remained uneven, with smaller firms struggling due to weak computational
capacity and reliance on traditional tools.

Integration scope also shaped outcomes, with a correlation of 0.77 and regression coefficient of
0.32. Department-level use grew from 18 to 41 percent, enterprise-wide integration from 9 to 30 percent,
and real-time BI from 6 to 27 percent by 2024. These investments improved efficiency by 22 percent and
cut decision times by nearly a quarter. Still, adoption was concentrated in large organizations, while SMEs
reported barriers to scaling. This confirms that wider integration across sectors is required to capture
consistent and sustainable gains from optimization.

Industry application had measurable effects, with a correlation of 0.71 and regression coefficient of
0.24. Finance adoption grew from 15 to 44 percent, telecom from 12 to 41 percent, and healthcare from 8
to 32 percent. These changes boosted predictive insights from 5 to 23 percent of firms, though national
diffusion remained low. Contextual constraints showed a significant negative effect of -0.20 and
correlation of -0.55, proving that poor data quality and weak infrastructure slowed progress. While
challenges eased slightly, with infrastructure barriers dropping from 49 to 34 percent and data issues
from 52 to 36 percent, they continue to restrict broader BI transformation.

Recommendations:

This section presents focused actions derived directly from the study’s results, covering practice,
policy, theory, and knowledge.

e Managerial Recommendations: Managers should expand adoption of advanced algorithms beyond
large firms, investing in training and computational infrastructure for SMEs. Enterprise-wide and
real-time BI systems must be scaled to reduce silos and improve decision consistency.

e Policy Recommendations: Government should accelerate infrastructure investment, especially
cloud and broadband, to cut the 34 percent of firms still citing infrastructure barriers. Policies
must also enforce stronger data governance standards to reduce persistent quality challenges.

e Theoretical Implications: The results reinforce search, decision, and resilience theories by showing
that algorithm choice, bounded rationality, and adaptation to shocks shape BI outcomes. They
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extend institutional perspectives by quantifying how enforcement and readiness conditions affect
fragile economies.
Contribution to New Knowledge: The study demonstrates that optimization drivers explained 84
percent of the variance in BI outcomes, while contextual constraints significantly weakened them.
This quantification adds rare evidence from Iraq, linking algorithm type, integration scope, and
industry application with measurable outcomes.
Practical Contribution: The evidence provides pathways for fragile economies: diversify algorithm
adoption, expand integration, and stabilize infrastructure. These steps can improve accuracy,
speed, efficiency, and predictive insights, creating resilient BI ecosystems that support
competitiveness.
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