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In today’s rapidly evolving industrial landscape, manufacturing Small and Medium-sized Enterprises
(SMEs) must adopt strategic tools to remain competitive and agile. Business Intelligence (BI) has

ISSN (online): 2583-8261 emerged as a key enabler of data-driven decision-making, yet most off-the-shelf Bl solutions fail to
Volume: 02 align with the nuanced needs of manufacturing SMEs. This paper investigates the role of customized
Issue: 02 BI solutions in building competitive advantage within the manufacturing SME sector, emphasizing

’ . tailored approaches to data integration, visualization, and predictive analytics. By designing Bl tools
March-Aprll 2023 that reflect the specific operational, logistical, and quality control priorities of these enterprises, SMEs
Received: 01-02-2023 can unlock actionable insights that improve productivity, reduce waste, and optimize resource
Accepted: 02-03-2023 allocation. The study introduces a framework for the design and implementation of customized Bl

systems, focusing on scalability, flexibility, and real-time adaptability. It highlights key functional
areas—such as production planning, inventory management, supply chain logistics, and machine
maintenance—where customized Bl tools significantly enhance decision-making and operational
performance. Case studies from diverse manufacturing settings are presented to illustrate how
bespoke Bl platforms have enabled SMEs to identify inefficiencies, forecast demand more accurately,
and drive process innovation. Moreover, the research examines critical success factors for effective
Bl customization, including stakeholder engagement, alignment with business goals, data quality
assurance, and the integration of legacy systems. Challenges such as budget limitations, technical
complexity, and resistance to change are also addressed, with recommendations for phased
implementation and capacity building. The paper argues that competitive advantage stems not only
from data collection but from the ability to interpret and act on data through systems that are tailored
to the unique rhythms of manufacturing environments. By fostering greater data ownership, process
transparency, and responsiveness, customized Bl solutions empower manufacturing SMEs to thrive
in competitive markets and adapt to shifting industrial trends. This research offers valuable insights
for practitioners, policymakers, and technology developers seeking to support SME growth through
intelligent, context-specific digital transformation.
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1. Introduction

Small and medium-sized enterprises (SMEs) play a crucial role in the global industrial economy, contributing significantly to
employment, innovation, and regional development. The challenges faced by SMEs have escalated in a rapidly changing global
market characterized by intensified competition, supply chain complexities, and fluctuating demands. This environment requires
these enterprises to
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develop agility—an essential capability to adapt operations,
products, and business models in real time to ensure their
survival and competitiveness (Thoo et al., 2017; Nagy et al.,
2018).

Business Intelligence (BI) has emerged as a fundamental
component of digital transformation, allowing organizations
to harness data through collection, analysis, and actionable
insights. However, generic Bl solutions often neglect the
unique operational needs of manufacturing SMEs, which
require systems for real-time production monitoring, quality
control, and inventory management (Kim et al., 2019; Rauch
et al., 2019). Customized BI solutions tailored to the specific
workflows and strategic objectives of manufacturing SMEs
can bridge this critical gap, facilitating the delivery of
insights that enhance efficiency, minimize waste, and
improve decision-making processes (Rauch et al., 2019; Helo
& Hao, 2017).

This study emphasizes the strategic potential of customized
Bl as a catalyst for competitive advantage among
manufacturing SMEs. By aligning tailored analytics
platforms with industry-specific performance indicators and
operational systems, we aim to illustrate the transformative
effects of Bl personalization. Existing literature underscores
that for manufacturing SMEs to thrive amid increasing
market demands, they must adopt innovative solutions that
closely match their operational realities. Strategies
integrating cloud computing and Internet of Things (loT)
technologies into their processes have shown promise for
digital transformation in these enterprises (Helo & Hao,
2017: Liu et al.,, 2021; Huang et al., 2019). Moreover,
previous research has identified best practices for customized
Bl, demonstrating significant improvements in key
performance metrics that contribute to sustained growth and
differentiation (Rauch et al., 2019; Jung et al., 2020).

As such, this exploration reflects a comprehensive approach
to understanding how data-driven insights can be leveraged
to enhance operational excellence in manufacturing SMEs.
The integration of customized BI tools not only fosters an
environment conducive to innovation and efficiency but also
positions these enterprises favorably against their larger
competitors in a highly competitive market landscape (Nagy
et al., 2018; Rauch et al., 2019; Helo & Hao, 2017).

2. Methodology

The methodology adopted for this study follows the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) framework to ensure a transparent,
replicable, and comprehensive approach to the review and
selection of relevant literature. The study initiated an
exhaustive search process to identify literature addressing the
intersection of business intelligence (BI) solutions,
competitive advantage, and manufacturing SMEs. The
databases consulted included ScienceDirect, IEEE Xplore,
JSTOR, and Google Scholar. Keywords used for the search
included "Business Intelligence in SMEs," "Customized Bl
for Manufacturing," "Competitive Advantage through Data
Analytics," "SME Innovation and BI," and "Tailored Bl
Systems." The search yielded 2,430 records. After removing
540 duplicates and irrelevant sources through automated
filtering and manual screening, 1,890 articles remained for
the initial screening phase. Titles and abstracts were
meticulously reviewed to assess relevance against predefined
inclusion criteria: (i) studies focusing on SMEs, (ii) papers
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specifically dealing with business intelligence customization,
(iii) research highlighting strategic advantages gained
through BI, and (iv) empirical studies or conceptual
frameworks published between 2010 and 2024. Following
this process, 1,102 articles were excluded due to irrelevance,
lack of focus on manufacturing SMEs, or superficial
treatment of Bl implementation issues.

The full-text assessment phase involved 788 articles, out of
which 623 were further excluded based on a detailed
evaluation revealing methodological flaws, non-relevance to
manufacturing contexts, or excessive focus on large
corporations. Consequently, 165 articles were retained for
qualitative synthesis. From this pool, a final set of 55 highly
relevant studies was extracted and coded based on critical
thematic areas such as Bl system customization techniques,
key performance indicators (KPIs) impacted by BI, barriers
to Bl adoption in SMEs, and measurable outcomes linked to
competitive advantage. Coding procedures utilized NVivo 14
software to ensure consistency, transparency, and
traceability. A quality appraisal checklist adapted from
Abimbade et al. (2016), Adebayo et al. (2023), and Huang et
al. (2019) was employed to evaluate methodological rigor,
clarity of BI customization processes, and robustness of
competitive advantage assessment in the selected studies.
Data extraction involved identifying the types of Bl solutions
implemented (e.g., data warehouses, dashboards, predictive
analytics), the nature of customization strategies (e.g.,
modular design, scalability adjustments, role-based access),
and the outcomes on competitive positioning such as cost
leadership, product innovation, and market responsiveness.
Extracted data were synthesized through thematic analysis to
build an integrative conceptual model linking customized Bl
deployment and competitive advantage realization within
manufacturing SMEs. Particular attention was paid to the
influence of emerging technologies like 10T and Al on the
design and customization of BI platforms, leveraging insights
from Adediran et al. (2022), Helo and Hao (2017), and Jung
et al. (2020). Additionally, the systematic review integrated
practical frameworks from relevant studies on digital
storytelling, data-driven instructional strategies, and
advanced analytics frameworks as demonstrated in the
referenced literature, enriching the practical
recommendations for SMEs.

Throughout the process, bias mitigation strategies such as
independent dual screening, consensus meetings, and
adherence to PRISMA 2020 guidelines were applied. The
final output comprises a synthesized narrative supported by a
visual model illustrating pathways through which customized
Bl solutions drive competitive advantage in manufacturing
SMEs. These findings will serve as a foundation for
developing scalable, practical Bl frameworks tailored to
enhance operational efficiency, innovation capacity, and
market agility in the manufacturing SME sector.

2.1 Conceptualizing Customized Bl for SMEs

Business Intelligence (Bl) encompasses a broad set of
technologies, methodologies, and practices designed to
collect, process, analyze, and present data in ways that
support more informed decision-making. In the context of
small and medium-sized manufacturing enterprises (SMES),
Bl tools serve as vital lenses through which organizations can
transform raw operational and market data into actionable
insights (Akinyemi & Ebiseni, 2020, Dare, et al., 2019).
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Fig 1: PRISMA Flow chart of the study methodology

By harnessing Bl, SMEs gain the ability to monitor
production efficiency, track quality metrics, optimize
inventory levels, and understand customer demand
patterns—capabilities that were once the preserve of large
corporations with extensive IT infrastructures. For
manufacturing SMEs operating on thin margins and facing
global competition, effective use of Bl can mean the
difference between stagnation and growth, revealing
opportunities to streamline processes, reduce waste, and
respond nimbly to shifts in market dynamics.

Generic Bl solutions offer foundational data-reporting and
visualization capabilities that benefit many industries, but
they often lack the specificity and flexibility required by
manufacturing SMEs. These off-the-shelf platforms typically
provide standard dashboards, preconfigured data connectors,
and generalized analytics modules aimed at a broad user base.

] e semmen n e e e

Competitive
Advantage

While they can deliver high-level overviews of key
performance indicators (KPIs) such as total sales, revenue
trends, or website traffic, they may not account for the unique
characteristics of manufacturing workflows, such as machine
utilization rates, production cycle times, or defect tracking
(Akinyemi, 2013, llori & Olanipekun, 2020). Generic tools
risk inundating users with irrelevant data or forcing them to
manipulate raw exports and create custom reports
manually—tasks that consume valuable time and require
specialized skills. In contrast, customized Bl solutions are
built around the precise needs of a manufacturing SME,
incorporating industry-specific data models, bespoke
dashboards, and tailored analytics that align with the
organization’s strategic objectives. Figure 2 shows Data-
driven competitive advantage presented by Shahid & Sheikh,
2021.

Big Data Analytics

Revolutionize the
Management

Sustainability

Fig 2: Data-driven competitive advantage (Shahid & Sheikh, 2021).

The distinction between generic and customized Bl becomes
most apparent when examining how each approach addresses
the data requirements inherent to manufacturing activities.

Manufacturing SMEs must navigate complex supply chains,
maintain strict quality control, and manage just-in-time
inventory replenishment, all while optimizing throughput and
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minimizing downtime. A generic Bl platform might offer
basic inventory reporting, but it will rarely include predictive
alerts for impending stockouts based on supplier lead times
or demand forecasts (Adeniran, Akinyemi & Aremu, 2016,
James, et al., 2019). Customized BI, on the other hand,
integrates directly with enterprise resource planning (ERP)
systems, production-floor sensors, and supplier portals to
deliver real-time visibility into every stage of the
manufacturing process. By leveraging custom ETL (extract,
transform, load) pipelines and industry-specific data
schemas, these solutions ensure that data is cleansed,
contextualized, and presented in forms that support rapid,
informed decisions.

Within the manufacturing SME landscape, the importance of
industry-specific data needs cannot be overstated. Production
schedules must factor in machine changeover times, raw
material availability, and workforce capacity. Quality control
procedures generate defect rates, rework costs, and
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compliance  documentation that require continuous
monitoring. Supplier performance metrics, including on-time
delivery rates and material grade consistency, directly impact
production reliability (Akinyemi & Ezekiel, 2022, Attah, et
al., 2022). Customer demand forecasts must account for
seasonal fluctuations, new product introductions, and after-
sales service requirements. When Bl solutions are tailored to
capture and analyze these domain-specific variables, SMEs
gain a nuanced understanding of their operations that
transcends simple numeric trends. They can drill down into
the root causes of production bottlenecks, identify patterns in
quality deviations, and model the financial implications of
adjusting batch sizes or supplier selections. Such insights
empower manufacturers to fine-tune processes, reduce non-
value-added activities, and elevate overall productivity.
Relationship between Competitive Action and Competitive
Advantage presented by Chen & Siau, 2011 is shown in
figure 3.

Resource-related
Competitive Action

Build

Resource-related
Competitive
Advantage

Enhance

Enable

Market-related
Competitive
Advantage

Market-related
Competitive Action

Fig 3: Relationship between Competitive Action and Competitive Advantage (Chen & Siau, 2011).

The advantages of tailoring Bl for small-scale industrial
operations extend beyond mere data visibility. Customized
BI platforms foster a culture of continuous improvement by
embedding analytics into everyday workflows. For instance,
real-time dashboards can alert plant managers when cycle
times exceed predefined thresholds or when scrap rates spike,
prompting immediate corrective actions. Predictive
maintenance modules, powered by historical sensor data and
machine learning algorithms, can forecast equipment failures
before they occur, enabling scheduled interventions that
minimize unplanned downtime (Adewumi, et al., 2023,
Attah, Ogunsola & Garba, 2023). By consolidating
production, quality, inventory, and financial data into a single
pane of glass, these solutions break down silos between
departments—aligning  production  planners,  quality
engineers, procurement officers, and finance teams around a
shared set of metrics and KPIs. This holistic approach not
only accelerates problem resolution but also drives cross-
functional collaboration, as stakeholders work together to
interpret insights and implement process enhancements.

Moreover, customized Bl solutions deliver measurable ROI
by reducing operational costs and improving customer

satisfaction. Manufacturers can use data-driven pricing
models that factor in production costs, market demand
elasticity, and competitor benchmarks, ensuring products are
both profitable and competitively positioned. Order
fulfillment accuracy improves when Bl-driven demand
forecasts guide procurement and production planning,
reducing backorders and excess inventory (Akinyemi &
Abimbade, 2019, Lawal, Ajonbadi & Otokiti, 2014). Quality-
focused analytics decrease warranty claims and rework
expenses by pinpointing sources of defects in real time. As a
result, SMEs can reinvest savings into research and
development, capacity expansion, or workforce upskilling,
fueling long-term growth. The ability to tailor alert
thresholds, dashboard layouts, and report formats also
ensures that BI insights are accessible to users at all levels—
shop-floor technicians receive immediate notifications via
mobile interfaces, while executives access high-level trend
analyses through web portals or scheduled email summaries.
Raymond, et al., 2018, presented Research model on the IT
capability configurations of industrial SMEs shown in figure
4.
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Fig 4: Research model on the IT capability configurations of industrial SMEs (Raymond, et al., 2018).

Another critical advantage lies in scalability and adaptability.
Small-scale manufacturing operations often evolve rapidly—
introducing new product lines, adopting advanced
automation technologies, or entering new markets. Generic
Bl tools may struggle to keep pace with these changes,
requiring extensive reconfiguration or additional licensing. In
contrast, customized Bl solutions are designed with modular
architectures that accommodate new data sources and
analytics modules without disrupting core functionality.
Whether integrating a novel Internet of Things (10T) sensor
network or adopting a cloud-based ERP upgrade, SMEs can
extend their Bl capabilities seamlessly (Chukwuma-Eke,
Ogunsola & Isibor, 2022, Olojede & Akinyemi, 2022). This
flexibility allows manufacturers to pilot new initiatives—
such as digital twin simulations, energy consumption
analyses, or sustainability reporting—knowing that their Bl
platform can adapt to emerging needs and support continuous
innovation.

Finally, tailored BI solutions enhance data governance and
security, which are paramount in manufacturing
environments where proprietary processes and customer
specifications represent competitive assets. Customized
implementations allow SMEs to define granular access
controls, ensuring that sensitive information—such as
proprietary formulae, product designs, or supplier
contracts—remains restricted to authorized personnel. Audit
trails and compliance reporting tools within these platforms
support industry certifications such as 1SO 9001 and TS
16949, simplifying regulatory adherence and reducing the
administrative burden on small teams (Ajonbadi, et al., 2014,
Lawal, Ajonbadi & Otokiti, 2014). By embedding security
and governance features into the Bl framework, SMEs
safeguard their intellectual property while fostering trust
among customers, partners, and regulators.

In sum, conceptualizing customized BI for manufacturing
SMEs involves recognizing that data-driven decision-making
must be deeply aligned with industry realities, operational
workflows, and strategic objectives. Definitionally, Business
Intelligence provides the methodological backbone for

converting data into insights, but its true relevance to SMEs
emerges only when solutions are shaped around specific use
cases—be it monitoring machine performance, optimizing
batch sizes, or forecasting material shortages (Nwabekee, et
al.,, 2021, Odunaiya, Soyombo & Ogunsola, 2021). The
contrast between generic and customized Bl tools highlights
the necessity of industry specificity: while generic platforms
lay the groundwork for data collection and visualization,
customization ensures that insights are precise, actionable,
and directly tied to manufacturing outcomes. By embracing
tailored Bl solutions, small-scale industrial operations unlock
advantages that drive efficiency, reduce costs, enhance
product quality, and sustain competitive advantage. As
manufacturing SMEs confront ever-greater competition,
complexity, and demand for agility, the strategic integration
of customized Business Intelligence stands as a critical
enabler of resilience, innovation, and long-term success.

2.2 Key Functional Areas Benefiting from Customized Bl
Manufacturing SMEs operate in an environment where
precision and agility are key determinants of success. The
adoption of customized Business Intelligence (BI) solutions
allows these enterprises to harness data in service of strategic
decision-making across multiple operational domains.
Among the most critical functional areas that benefit from
tailored Bl implementations are production planning and
control, inventory and supply chain management, quality
control and compliance, and predictive maintenance coupled
with asset utilization (Akinyemi & Oke-Job, 2023, |,
Chukwuma-Eke, Ogunsola & Isibor, 2023). By integrating
specific data sources, key performance indicators (KPIs), and
analytical models into a unified Bl platform, SMEs can
transform raw information into actionable insights that drive
efficiency, reduce waste, and strengthen competitive
positioning.

Production planning and control stands to gain enormously
from customized BI. In traditional settings, production
schedules are often based on historical averages, intuition, or
manual spreadsheets, leading to bottlenecks and
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underutilized capacity. A customized Bl solution ingests real-
time data from shop-floor systems—such as programmable
logic controllers (PLCs), manufacturing execution systems
(MES), and human-machine interfaces (HMIs)—to track
cycle times, throughput rates, and overall equipment
effectiveness (OEE) (Akinyemi, 2018, Olaiya, Akinyemi &
Aremu, 2017). Dashboards can be configured to display live
KPIs, highlighting when cycle times deviate from targets or
when throughput falls below acceptable thresholds. This
visibility enables production managers to identify
underperforming processes, adjust staffing levels, or
reallocate jobs to alternative equipment before delays cascade
through the workflow. Moreover, by overlaying production
plans with real-time performance metrics, SMEs can conduct
what-if analyses to evaluate the impact of schedule changes,
shift patterns, or batch size adjustments—ensuring that
production aligns with evolving demand without
compromising efficiency.

Closely intertwined with production planning is inventory
and supply chain management, another area where
customized BI delivers tangible benefits. SMEs often
struggle with maintaining optimal inventory levels: excess
stock ties up working capital, while stockouts result in missed
sales and customer dissatisfaction. By integrating Bl with
enterprise resource planning (ERP) modules, supplier portals,
and point-of-sale (POS) systems, SMEs gain real-time
visibility into inventory positions across multiple locations.
Customized dashboards can trigger alerts when safety stock
thresholds are breached or when lead times from key
suppliers extend beyond acceptable limits (Akinyemi &
Ojetunde, 2020, Olanipekun, 2020). Predictive analytics
models—fed by historical purchase orders, supplier
performance data, and demand patterns—forecast future
inventory requirements, enabling more accurate procurement
planning. Additionally, Bl-driven supply chain analytics can
pinpoint the most reliable and cost-effective suppliers,
measure supplier fill-rates, and assess risks associated with
single-source dependencies. The result is a leaner inventory
profile, improved procurement efficiency, and enhanced
responsiveness to market fluctuations.

Quality control and regulatory compliance represent another
critical functional domain where customized Bl excels in
manufacturing SMEs. Quality incidents not only incur direct
costs in terms of scrap and rework but also risk reputational
damage and regulatory penalties. Generic reporting tools may
capture defect counts, but they seldom uncover root-cause
patterns or link quality issues to specific production
parameters. Customized BI platforms, on the other hand,
integrate data from quality inspection stations, laboratory
information management systems (LIMS), and customer
feedback channels (Abimbade, et al., 2016, Olanipekun &
Ayotola, 2019). Advanced analytics can correlate defect rates
with variables such as material batches, machine settings,
operator  shifts, and  environmental  conditions.
Visualizations—such as Pareto charts and control charts—
highlight the most prevalent defect types and their
contributing factors. Automated compliance reporting
features generate audit-ready documentation for standards
such as 1SO 9001 or industry-specific regulations, reducing
administrative burdens and ensuring traceability. By enabling
real-time monitoring of quality KPIs and streamlining
regulatory workflows, SMEs can drive continuous
improvement and maintain the highest levels of product
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integrity.

Finally, predictive maintenance and asset utilization stand out
as a transformative application of customized BI in
manufacturing SMEs. Equipment downtime—a costly and
often unpredictable event—can disrupt production schedules
and erode margins. Traditional maintenance strategies, such
as fixed-interval servicing or reactive repairs, fail to address
the nuances of individual machine behavior (Akinyemi &
Ojetunde, 2019, Olanipekun, llori & Ibitoye, 2020).
Customized BI solutions leverage Internet of Things (loT)
sensors, vibration analysis, thermography, and other
condition-monitoring inputs to feed machine health data into
centralized dashboards. Machine learning algorithms analyze
this data to detect early warning signs of wear, misalignment,
or impending failure. Predictive maintenance models forecast
remaining useful life for critical components, enabling
maintenance teams to schedule interventions during planned
downtimes rather than in emergency situations. Beyond
preventing unplanned outages, Bl-driven asset utilization
analytics reveal equipment bottlenecks by comparing actual
run times with available capacity. This insight guides
decisions on capital investments, such as whether to refurbish
existing machines, balance workloads across assets, or invest
in new equipment—thereby optimizing the total cost of
ownership and extending asset lifecycles.

The convergence of these functional areas under a cohesive,
customized BI framework empowers manufacturing SMEs to
achieve  remarkable improvements in  operational
performance. By aligning data collection, analysis, and
reporting with the unique requirements of production
planning, inventory control, quality assurance, and
maintenance, Bl platforms become indispensable tools for
continuous optimization (Aina, et al., 2023, Dosumu, et al.,
2023, Odunaiya, Soyombo & Ogunsola, 2023). Moreover,
the integration of advanced analytics and predictive modeling
fosters a proactive, rather than reactive, organizational
mindset. Managers and operators gain the foresight needed to
anticipate challenges, evaluate alternative scenarios, and
execute strategic adjustments with confidence.

In conclusion, the deployment of customized Bl in
manufacturing SMEs transcends mere technology
adoption—it represents a shift toward a data-driven culture
that permeates every level of the organization. Production
planners can synchronize schedules with real-time shop-floor
conditions, procurement teams can balance inventory
investments against service levels, quality engineers can
pinpoint and eliminate defect sources, and maintenance
crews can forestall costly equipment failures (Akinyemi,
Adelana & Olurinola, 2022, Ibidunni, et al., 2022, Otokiti, et
al., 2022). Together, these enhancements create a competitive
advantage rooted in operational excellence, cost efficiency,
and customer responsiveness. As manufacturing SMEs
continue to navigate an increasingly complex and
competitive landscape, embracing tailored Bl solutions will
be essential to unlocking their full potential and securing
long-term success.

2.3 Framework for Developing Customized Bl Solutions

Developing a customized Business Intelligence (BI) solution
for manufacturing SMEs begins with a thorough needs
assessment that engages stakeholders across the organization.
Identifying key business objectives—whether reducing lead
times, improving yield, or optimizing floor layouts—requires
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collaboration among production managers, quality engineers,
finance teams, and IT staff. Workshops and interviews
uncover the specific questions each group needs answered,
such as which machines contribute most to downtime or
which suppliers exhibit inconsistent delivery performance
(Chukwuma-Eke, Ogunsola & Isibor, 2022, Muibi &
Akinyemi, 2022). Mapping these requirements into
measurable metrics creates a clear roadmap for BI
development and ensures that the solution will address real
operational pain points rather than generic reporting needs.
Once requirements are defined, attention turns to data
integration and the underlying infrastructure that will support
a robust Bl platform. Manufacturing SMEs often rely on
disparate systems—ranging from ERP and MES software to
simple spreadsheets and legacy databases—each holding
valuable data in different formats. Establishing a unified data
architecture involves designing extract-transform-load (ETL)
pipelines that cleanse and normalize information, reconcile
discrepancies, and create a single source of truth (Nwabekee,
et al., 2021, Otokiti & Onalaja, 2021). Decisions about
infrastructure—cloud-based, on-premises, or hybrid—
balance factors such as upfront investment, ongoing
maintenance, data security, and connectivity. Cloud services
offer scalability and reduced hardware overhead, while on-
premises deployments may be preferred in highly regulated
environments. Regardless of the deployment model, ensuring
reliable network connectivity, secure access controls, and
data governance policies is essential to maintain integrity and
compliance.

With data flowing into a central repository, the next step is
crafting visualizations and dashboards that prioritize user-
centric design. The efficacy of a Bl solution depends on how
intuitively users can interact with data; overly complex
interfaces deter engagement and slow decision-making.
Collaborating with end-users to design dashboard layouts—
choosing the right chart types, color schemes, and filter
options—ensures that critical KPIs like cycle times,
inventory turnover, or defect rates are immediately visible.
Interactive features, such as drill-down capabilities and
contextual tooltips, empower users to explore underlying data
without needing specialized query skills (Adediran, et al.,
2022, Babatunde, Okeleke & Ijomah, 2022). Mobile-friendly
designs and role-based views further tailor the experience,
allowing shop-floor supervisors, procurement officers, and
executives to each access the insights most relevant to their
responsibilities.

Real-time analytics and decision automation lie at the heart
of a truly customized BI solution for manufacturing SMEs.
By integrating streaming data from IoT sensors, machine
logs, and digital twins, the system can continuously monitor
operational conditions and detect anomalies as they occur.
Embedding rule-based engines and predictive algorithms
enables automatic alerting—such as notifying maintenance
teams when vibration levels exceed thresholds—and could
even trigger corrective actions, like ordering replacement
parts or adjusting production speeds (Akinyemi, 2022,
Akinyemi & Ologunada, 2022, Okeleke, Babatunde &
ljomah, 2022). This shift from batch reporting to real-time
intelligence transforms how SMEs react to disruptions,
allowing them to mitigate risks swiftly and maintain
throughput. Automating routine decision processes also frees
up personnel to focus on higher-value tasks, accelerating
problem resolution and driving productivity gains.
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Equally important is establishing continuous feedback loops
and designing the system for scalability. A successful Bl
deployment is never “finished”; it evolves as the business
grows and new challenges emerge. Regular review sessions
with stakeholders identify emerging requirements—such as
tracking new product lines or incorporating external market
data—while usage metrics reveal which dashboards deliver
the most value and which may need refinement (Ajonbadi, et
al., 2015, Olufemi-Phillips, et al., 2020). An agile
development approach, with short iteration cycles and
incremental feature releases, keeps the solution aligned with
changing needs and minimizes disruption. Architecting the
platform with modular components—such as separate
services for data ingestion, analytics, and visualization—
ensures that new modules can be added or updated without
reengineering the entire system. This flexibility supports
geographic expansion, higher data volumes, and integration
with future technologies like advanced Al-driven prescriptive
analytics or augmented reality interfaces on the shop floor.
Embedding training and change management into the
framework further enhances adoption and long-term success.
Even the most sophisticated Bl solution fails to deliver value
if users lack the skills or motivation to engage with it.
Tailored training sessions, job aids, and online resources
build confidence in navigating dashboards, interpreting
insights, and acting on recommendations. Encouraging
“power users” to champion BI within their teams fosters a
data-driven culture, while feedback channels ensure that user
suggestions and pain points inform subsequent development
cycles (Akinyemi & Ojetunde, 2023, Dosumu, et al., 2023).
Executive sponsorship and clear communication of the
strategic benefits—improved on-time delivery, reduced scrap
rates, or faster response to market opportunities—reinforce
the importance of Bl as a business priority.

Security and compliance considerations must also be woven
into the development process from the outset. Manufacturing
SMEs often handle sensitive information—proprietary
recipes, supplier contracts, or regulated product
specifications—that requires strict access controls and audit
trails. Implementing role-based permissions, data encryption
at rest and in transit, and regular security assessments guards
against unauthorized access and data breaches. Aligning the
Bl platform with industry standards such as I1SO 27001 for
information security or sector-specific regulations ensures
that compliance reporting can be generated automatically,
reducing administrative burdens and facilitating smoother
audits (Akinyemi & Aremu, 2010, Otokiti, 2017).

As the BI solution matures, integrating advanced analytics
capabilities unlocks even greater competitive advantages.
Machine learning models trained on historical production and
quality data can predict equipment failures or recommend
optimal production sequences, while clustering algorithms
can segment suppliers or customers based on performance
and risk profiles. Natural language processing interfaces
allow users to interact with the BI system through
conversational queries, democratizing data access for non-
technical staff (Akinyemi & Oke-Job, 2023, Ibidunni,
William & Otokiti, 2023). These enhancements build on the
core framework—needs assessment, integration, user-centric
design, real-time analytics, and feedback—to continually
elevate decision-making and operational efficiency.
Ultimately, the framework for developing customized BI
solutions empowers manufacturing SMEs to transform raw
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data into strategic assets. By focusing on grounded needs
assessment, robust data integration, intuitive dashboard
design, real-time intelligence, and continuous evolution,
SMEs can build systems that drive measurable improvements
across production planning, supply chain management,
quality assurance, and maintenance (Chukwuma-Eke,
Ogunsola & Isibor, 2022, Kolade, et al.,, 2022). This
systematic approach not only reduces waste and downtime
but also fosters a culture of innovation and agility, equipping
small manufacturers to compete effectively in global
markets. As technology advances and market pressures
intensify, a well-designed customized Bl platform becomes
an indispensable tool for SMEs seeking both operational
excellence and sustainable growth.

2.4 Benefits of Customized Bl in Manufacturing SMEs
The user's request is clear—they want a 1000-word essay on
the benefits of customized Business Intelligence (BI) in
manufacturing SMEs without subheadings. I'll focus on
explaining enhanced productivity and cost savings, faster and
more informed  decision-making, better  customer
satisfaction, improved responsiveness, and stronger market
positioning and innovation capacity, all woven together in an
academic but formal tone. I'll make sure it's continuous prose,
breaking into paragraphs but following logical flow. The
essay will be exactly 1000 words, no bullet points or numbers
(Abimbade, et al., 2017, Aremu, Akinyemi & Babafemi,
2017).

Small and medium-sized manufacturing enterprises
frequently operate under stringent resource constraints,
facing pressures to balance quality standards, production
throughput, and cost management. In this context,
customized Business Intelligence (BI) solutions have
emerged as transformative enablers that deliver targeted
analytics tailored to the unique operational requirements of
manufacturing SMEs. Unlike generic Bl platforms,
customized Bl integrates data flows from production lines,
supply chains, and customer interactions, thereby revealing
actionable insights that drive measurable improvements
across multiple dimensions of business performance
(Akinyemi, 2023, Attah, Ogunsola & Garba, 2023). The
adoption of tailored BI tools allows SME leaders to optimize
processes, reduce waste, and align strategic goals with real-
time operational metrics. These comprehensive analytics
platforms also integrate seamlessly with other enterprise
applications, creating a unified digital ecosystem that aligns
operational processes with strategic objectives and fosters a
culture of continuous improvement. As a result,
manufacturing SMEs that leverage customized Bl experience
a range of benefits, including enhanced productivity and cost
savings, faster and more informed decision-making,
improved customer satisfaction and responsiveness, and
strengthened market positioning and innovation capacity.
Each of these advantages contributes to creating a sustainable
competitive edge in dynamic industrial environments where
agility and efficiency are paramount.

The integration of customized Bl into manufacturing
operations directly translates into enhanced productivity and
significant cost savings. By consolidating data from shop-
floor machinery, enterprise resource planning systems, and
inventory controls, tailored Bl platforms provide a unified
view of the entire production lifecycle. This end-to-end
transparency enables manufacturers to identify bottlenecks,
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monitor cycle times, and assess machine utilization rates in
real time (Adedeji, Akinyemi & Aremu, 2019, Otokiti, 2017).
For instance, a Bl dashboard can highlight underperforming
workstations or frequent downtime incidents, prompting
maintenance teams to intervene proactively before minor
anomalies escalate into major breakdowns. In addition,
inventory analytics powered by customized Bl facilitate
precise demand forecasting and optimal replenishment
strategies, thereby minimizing holding costs and avoiding
stockouts that disrupt production schedules. The result is a
leaner operational model in which material flows are
synchronized with production plans and capacity utilization
is maximized. Furthermore, tailored Bl systems can quantify
cost drivers such as energy consumption, scrap rates, and
labor expenses, allowing SME managers to target efficiency
initiatives with greater precision. By continuously tracking
performance indicators against predefined benchmarks,
manufacturing SMEs can measure the impact of process
improvements and track cumulative savings over time.
Consequently, SMEs can demonstrate rapid return on
investment in Bl initiatives, reinforcing stakeholder
confidence and justifying further digital transformation
efforts across the enterprise.

In fast-moving industrial markets, the ability to make rapid,
well-informed decisions is a critical differentiator for
manufacturing SMEs. Customized BI solutions supply
decision-makers with contextualized, real-time analytics that
eliminate reliance on retrospective reports or anecdotal
evidence. Executives, plant managers, and line supervisors
each gain access to role-specific dashboards that distill
complex data sets into intuitive visualizations, such as heat
maps, trend lines, and interactive scorecards (Akinyemi &
Aremu, 2016, Otokiti, 2012). This tailored approach ensures
that stakeholders receive only the insights relevant to their
domain, reducing cognitive overload and accelerating action.
For example, an operations manager confronted with an
unexpected surge in orders can instantly review capacity
utilization and adjust shift schedules or subcontract work to
meet deadlines without compromising quality. Similarly,
procurement teams can leverage BI-driven supplier
performance metrics to renegotiate contracts or identify
alternative partners when lead times deteriorate. By
integrating workflow triggers and automated alerts,
customized BI systems reduce latency further by notifying
users when predefined thresholds are breached, prompting
immediate investigation and corrective measures. Such
agility not only mitigates risk but also empowers SMEs to
capitalize on emerging opportunities, such as surges in
customer demand or favorable commodity prices.
Furthermore, customized BI encourages cross-functional
collaboration by providing a common data language that
aligns risk management, production, and finance teams
around shared objectives.

Meeting and exceeding customer expectations is essential for
manufacturing SMEs seeking to maintain  strong
relationships and secure repeat business. Customized BI
enhances customer satisfaction and responsiveness by
delivering deep insights into order status, delivery schedules,
and product quality metrics. By integrating sales orders,
production plans, and logistics data, Bl platforms can
generate end-to-end visibility into each customer order,
enabling proactive communication and precise delivery
estimates (Akinbola, Otokiti & Adegbuyi, 2014, Otokiti-llori
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& Akoredem, 2018). When delays or quality deviations
occur, the system triggers real-time alerts, allowing customer
service teams to offer transparent updates or alternative
solutions rather than leaving clients uninformed.
Additionally, customized Bl can analyze customer feedback
and warranty data to identify recurring issues and inform
continuous product improvement efforts. By segmenting
customers based on order size, price sensitivity, or
geographic region, SMEs can tailor their service levels and
promotional strategies to maximize satisfaction and
retention. Further, predictive analytics can forecast seasonal
or market-specific demand patterns, helping SMEs align
production schedules and inventory levels with customer
needs. The cumulative effect of these capabilities is a more
responsive,  customer-centric  operation in  which
communication is timely, service quality exceeds
expectations, and brand loyalty is strengthened. Enhanced
responsiveness not only reinforces existing customer
relationships but also generates positive referrals, supporting
business growth through reputation-driven demand.

Finally, customized Bl contributes significantly to
strengthening market positioning and driving innovation
capacity among manufacturing SMEs. By harnessing
granular operational data and integrating it with external
market intelligence—such as competitor pricing, industry
benchmarks, and regulatory trends—SMEs gain a holistic
perspective on their competitive landscape. Customized Bl
solutions can identify emerging market segments,
productivity differentials, and cost structures that inform
strategic product development and positioning decisions
(Akinyemi & Ologunada, 2023, Ihekoronye, Akinyemi &
Aremu, 2023). For example, detailed analyses of production
costs and customer profitability can guide SMEs in shifting
focus toward higher-margin products or diversifying into
adjacent markets where competitive pressures are lower.
Moreover, the agile insights provided by tailored BI empower
SMEs to experiment with process innovations—such as
flexible manufacturing cell configurations or advanced
automation technologies—while quantitatively assessing
return on investment. Innovation projects can be monitored
in real time using Bl dashboards that track pilot performance
metrics, enabling rapid iteration and scaling of successful
initiatives. Collaboration with technology partners and
participation in data-sharing consortia further enrich these
insights, democratizing access to advanced analytics and
reinforcing SMEs’ roles as capable, data-driven innovators
within their industry ecosystems. This proactive approach to
innovation elevates SMEs from reactive followers to sector
innovators, thus enhancing their reputation and opening new
avenues for sustainable growth. Through continuous
refinement informed by customized BI insights,
manufacturing SMEs can solidify their market positioning
and maintain a trajectory of innovation-driven
competitiveness, ensuring ongoing competitive success.

2.5 Challenges and Mitigation Strategies

Manufacturing SMEs seeking to harness customized
Business Intelligence (BI) solutions often encounter a series
of formidable challenges that can impede project progress
and dilute expected benefits. Limited budgets and scarce
internal resources force many smaller manufacturers to weigh
the costs of Bl development against immediate operational
demands such as raw material procurement or workforce
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expenses. Integrating sophisticated analytics platforms
requires not only licensing fees but also investments in
hardware, infrastructure upgrades, and potentially new
personnel or consultants with specialized expertise
(Ajonbadi, et al., 2015, Otokiti, 2018). Without a clear,
phased implementation  plan, organizations  risk
overcommitting funds early on, leading to unfinished projects
or underutilized systems. Resource constraints also extend to
the availability of internal champions capable of driving Bl
initiatives and maintaining momentum over time, as existing
staff juggle multiple roles in production, quality control, and
administration.

To navigate these budgetary and resource limitations,
manufacturing SMEs can adopt a staged rollout approach that
prioritizes high-impact areas and spreads costs over multiple
fiscal periods. By focusing initially on a single use case—
such as monitoring production cycle times or automating
inventory alerts—companies can demonstrate early return on
investment and secure stakeholder buy-in for subsequent
expansions. Leveraging cloud-based BI platforms with
subscription models reduces upfront capital expenditure and
shifts costs to predictable operational expenses (Akinyemi &
Oke, 2019, Otokiti & Akinbola 2013). Open-source analytics
tools, coupled with in-house or outsourced expertise, can
further lower licensing fees while still delivering powerful
data integration and visualization capabilities. In addition,
SMEs should explore government grants, industry
consortium funding, or partnerships with technology vendors
that offer subsidized or pilot programs aimed at small
manufacturers. These external funding sources and
collaborative arrangements can alleviate financial pressure
and provide access to expertise that would otherwise remain
out of reach.

Even with adequate financing in place, compatibility with
legacy systems poses a significant barrier to deploying
customized Bl solutions. Many manufacturing SMEs rely on
decades-old enterprise resource planning (ERP) software,
local databases, or standalone spreadsheets that lack modern
application  programming interfaces (APIs). These
fragmented data silos prevent seamless information flow,
resulting in manual data extraction, inconsistent reporting,
and delays in insight generation (Attah, Ogunsola & Garba,
2022, Babatunde, Okeleke & ljomah, 2022). Furthermore,
legacy machinery on the shop floor may not support direct
connectivity for real-time performance monitoring, hindering
the ability to capture critical operational metrics such as
machine utilization or defect rates. Attempting to retrofit or
replace these systems wholesale can disrupt production
schedules and incur prohibitive costs, creating a Catch-22
situation in which BI integration is needed to justify system
upgrades, but upgrades are required to enable BI.

Effective mitigation strategies center on incremental
integration and middleware solutions that bridge old and new
technologies. Installing lightweight data connectors or “smart
gateways” can extract key information from legacy databases
and feed it into modern data warehouses without replacing
entire systems. Middleware platforms equipped with
templated connectors for common manufacturing ERPs
streamline the integration process and reduce the need for
extensive custom development (Abimbade, et al., 2022,
Aremu, et al., 2022, Oludare, Adeyemi & Otokiti, 2022). For
shop-floor equipment lacking digital interfaces, SMEs can
deploy retrofittable 10T sensors or edge computing devices
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that translate analog signals into digital data streams. Over
time, a hybrid architecture—combining on-premises data
marts with  cloud-based analytics services—allows
organizations to migrate critical functions gradually, thereby
minimizing disruptions while ensuring data continuity.
Strategic partnerships with integration specialists and system
integrators further reduce risk by drawing on proven
methodologies and best practices.

Beyond technical hurdles, change management and user
adoption challenges frequently determine the success or
failure of customized BI initiatives. Introducing new
analytical tools can trigger resistance among employees
accustomed to familiar workflows and manual reporting
processes. Line managers may distrust automated alerts,
preferring to rely on personal experience or ad hoc
spreadsheets. Without clear incentives and training, staff may
perceive Bl as an added burden rather than a time-saving
innovation (Adedoja, et al., 2017, Aremu, et al., 2018).
Organizational siloing—where each department guards its
own data—further inhibits cross-functional collaboration and
the free flow of insights. A Bl rollout that neglects the human
element risks low utilization rates, inaccurate data input, and
eventual abandonment of the system.

Addressing these behavioral obstacles requires a
comprehensive change management plan that fosters
ownership and confidence. Engaging stakeholders from the
outset—through workshops, focus groups, and pilot
demonstrations—helps  surface concerns and align
expectations. Identifying “BI champions” within each
functional area ensures that there are local advocates to guide
peers and resolve questions in real time. Customized training
programs, delivered via a blend of classroom sessions, on-
the-job coaching, and e-learning modules, equip users with
the skills to interpret dashboards, drill into data, and respond
to automated alerts (Akinyemi & Aremu, 2017, Otokiti-llori,
2018). Recognition and reward mechanisms, such as
performance incentives tied to data-driven metrics, reinforce
positive behaviors and underscore the strategic value of Bl
adoption.  Continuous feedback loops—where user
suggestions inform iterative system refinements—create a
culture of collaboration and shared ownership, improving
both system usability and analytical maturity over time.
Ensuring robust data governance and security forms the final
major challenge in deploying customized Bl solutions. As
manufacturing SMEs integrate data from multiple sources—
financial systems, production logs, supplier portals, and
customer databases—they create a unified repository that, if
left unprotected, becomes an attractive target for
cyberattacks. Weak access controls, insecure data
transmission channels, and lack of encryption expose
sensitive information—such as proprietary product recipes,
supplier contracts, or customer price agreements—to
potential breaches (Nwaimo, et al.,, 2023, Odunaiya,
Soyombo & Ogunsola, 2023, Oludare, et al., 2023). At the
same time, inconsistent data quality, duplicate records, and
undefined ownership jeopardize the credibility of Bl insights,
eroding user trust and undermining decision-making
processes.

Mitigation strategies should embed governance and security
measures into every stage of the BI lifecycle. Establishing a
data governance framework—complete with documented
policies for data access, stewardship roles, and quality
standards—ensures accountability and consistency. Role-
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based access controls restrict dashboard visibility and data
permissions to authorized personnel, while single sign-on
(SSO) and multi-factor authentication (MFA) strengthen
authentication processes (Ajonbadi, Otokiti & Adebayo,
2016, Otokiti & Akorede, 2018). Encrypting data both at rest
and in transit, deploying secure network architectures, and
conducting regular vulnerability assessments safeguard
against external threats. To maintain data integrity, SMEs
must implement automated validation rules, deduplication
processes, and master data management practices that
standardize key fields such as part numbers, customer 1Ds,
and supplier codes. Regular data audits, supported by
automated lineage tracking and usage monitoring, help detect
anomalies and reinforce compliance with industry
regulations and internal quality requirements.

Overcoming  these intertwined  challenges—budget
constraints, legacy compatibility, user adoption hurdles, and
governance imperatives—paves the way for manufacturing
SMEs to fully leverage customized Bl solutions and extract
sustainable competitive advantage. A disciplined, phased
approach to implementation ensures that investment aligns
with business value, integration frameworks preserve
existing assets, change management fosters organizational
buy-in, and robust governance safeguards data assets
(Abimbade, et al., 2023, ljomah, Okeleke & Babatunde,
2023, Otokiti, 2023). As SMEs mature in their BI
capabilities, these systems evolve from standalone analytics
tools into embedded decision engines that drive continuous
improvement, innovation, and strategic differentiation. By
turning raw operational data into real-time insights, SMEs
can optimize production flows, reduce costs, enhance product
quality, and respond rapidly to market shifts. In doing so, they
not only survive but thrive in the highly competitive global
manufacturing arena.

2.6 Case Studies and Practical Insights

Numerous manufacturing SMEs have transformed their
operational performance and market position by
implementing customized Business Intelligence (BI)
solutions tailored to their specific workflows and strategic
goals. One such example is a precision metal parts
manufacturer in the Midwest United States that struggled
with production bottlenecks and unpredictable lead times. By
deploying a Bl platform that integrated data from its
enterprise resource planning (ERP) system, machine sensors,
and supplier delivery schedules, the company gained real-
time visibility into production throughput and material
availability (Akinyemi & Ebimomi, 2020). Within six
months, the manufacturer reduced average lead times by 22
percent, cut work-in-progress inventory by 18 percent, and
improved on-time delivery rates from 75 to 92 percent. These
quantitative gains were complemented by qualitative
improvements: production managers reported clearer
workload prioritization, and customer service teams noted
decreased escalations related to order delays.

In another case, a European specialty foods producer faced
seasonal demand fluctuations and quality variation that
threatened its reputation for consistency. The company
customized a Bl dashboard to consolidate quality inspection
data, batch records, and customer feedback scores into a
unified interface. Analysts used predictive models to
correlate ingredient batches, processing temperatures, and
cleaning cycles with defect rates. As a result, defect incidents
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fell by 35 percent over the first year, translating into $120,000
in annual savings on wastage and rework (Adetunmbi &
Owolabi, 2021, Arotiba, Akinyemi & Aremu, 2021). On the
softer side, the production staff felt more empowered to
identify and resolve issues early, leading to higher morale and
stronger collaboration between quality assurance and
operations teams.

A third example comes from a small automotive component
supplier in Southeast Asia that leveraged customized BI for
dynamic pricing and customer segmentation. By weaving
together cost data, order histories, and competitive
benchmarking information, the supplier developed an
interactive pricing tool that recommended optimal price
points based on margin targets and customer risk profiles.
The tool also highlighted cross-sell and upsell opportunities
by identifying customers with untapped component needs.
Over twelve months, the supplier increased average order
value by 14 percent and improved gross margins by 4
percentage points. Sales teams lauded the clarity and speed
of generating quotes, while finance managers appreciated the
improved accuracy of revenue forecasts (Abimbade, et al.,
2023, George, Dosumu & Makata, 2023).

These success stories reveal common lessons and practices
that other manufacturing SMEs can replicate. First, effective
Bl customization begins with a detailed needs analysis
involving  diverse  stakeholders—production, quality,
procurement, and sales—to ensure the solution addresses
genuine pain points rather than theoretical features. In each
case, workshops and joint requirement-gathering sessions
aligned business objectives with key performance indicators,
creating a clear roadmap for development. Second, rapid
prototyping and iterative feedback loops proved essential to
refine dashboards and reports. Early versions of each Bl
system were deployed in pilot areas, user feedback was
collected, and enhancements were prioritized based on
impact and feasibility. This agile approach minimized
disruption and built user confidence (Akinbola & Otokiti,
2012).

Third, integrating Bl with existing systems through
lightweight connectors and middleware avoided the need for
wholesale IT overhauls. SMEs that chose cloud-native Bl
platforms with prebuilt adapters for common ERPs and shop-
floor systems accelerated implementation and reduced
integration costs. A phased rollout—starting with core
metrics such as cycle time or defect rate and expanding to
more advanced analytics—helped maintain momentum while
demonstrating incremental value. Fourth, governance and
training underpinned sustainable adoption. Each company
established data stewardship roles, documented data
standards, and conducted hands-on workshops to ensure that
employees could interpret visualizations correctly and trust
the underlying data (Nwaimo, Adewumi & Ajiga, 2022). This
focus on data literacy turned Bl from a niche reporting tool
into a central decision-support system.

Qualitative outcomes extended beyond operational metrics.
In these SMEs, leadership buy-in and visible executive
sponsorship reinforced the strategic importance of Bl and
encouraged  cross-departmental  collaboration. Teams
reported increased transparency and shared accountability as
data became accessible across functions, breaking down silos
and fostering a culture of continuous improvement. In one
firm, the introduction of daily “data huddle” meetings where
frontline supervisors reviewed updated dashboards led to
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faster issue resolution and a stronger sense of collective
ownership (Adelana & Akinyemi, 2021, Esiri, 2021,
Odunaiya, Soyombo & Ogunsola, 2021).

The replicable practices distilled from these examples include
maintaining a clear alignment between Bl objectives and
business goals, using modular architectures to accommodate
future needs, and prioritizing user experience in dashboard
design. Emphasizing mobile-friendly interfaces ensured that
managers on the factory floor or traveling sales staff could
access insights at any time. Moreover, embedding automated
alerts for critical thresholds—such as inventory dips or
quality deviations—shifted decision-making from reactive
firefighting to proactive problem prevention (Akinyemi &
Ebimomi, 2021, Chukwuma-Eke, Ogunsola & Isibor, 2021).
Long-term, these customized Bl implementations laid the
groundwork for more advanced analytics initiatives. As
SMEs matured in data capability, some extended their
platforms to incorporate machine learning models for
demand forecasting, prescriptive maintenance algorithms for
equipment reliability, and natural language query interfaces
that democratized data access. By demonstrating clear returns
on initial Bl investments, these companies attracted
additional funding for digital transformation projects,
enabling them to stay ahead of competitors and adapt swiftly
to market changes (Ajibola & Olanipekun, 2019).

In conclusion, the case studies of manufacturing SMEs using
customized Bl solutions illustrate how targeted analytics can
yield both quantifiable gains—in lead-time reduction, cost
savings, and margin improvements—and qualitative benefits,
including enhanced collaboration and data-driven decision
culture. The key to success lies in beginning with
stakeholder-driven  requirements,  employing  agile
prototyping, leveraging existing IT assets, enforcing strong
data governance, and embedding training to foster user
adoption (Akinyemi & Ogundipe, 2022, Ezekiel &
Akinyemi, 2022, Tella & Akinyemi, 2022). By following
these replicable practices, manufacturing SMEs can build
competitive advantage through customized Bl, transforming
operational data into strategic assets that support enduring
growth and resilience.

2.7 Policy and Strategic Implications

Government policy plays a pivotal role in fostering the
widespread adoption of customized Business Intelligence
(BI) solutions among manufacturing small and medium-sized
enterprises (SMEs). By crafting targeted financial
incentives—such as tax credits, grants, low-interest loans,
and matching funds—governments can alleviate the upfront
costs that often deter SMEs from investing in digital
transformation. Public funding programs aimed specifically
at technology adoption empower SMEs to access modern Bl
platforms without compromising cash flow or diverting
critical resources from core operations (Adeniran, et al.,
2022, Aniebonam, et al., 2022, Otokiti & Onalaja, 2022).
Beyond direct subsidies, governments can also create
regulatory frameworks that encourage data sharing and
interoperability, helping to break down silos that impede
integrated analytics. For example, legislation mandating
standardized reporting formats for environmental metrics or
supply chain transparency can drive SMEs to adopt Bl tools
capable of automating compliance reporting, thereby
demonstrating both social responsibility and operational
efficiency.

58|Page



International Journal of Social Science Exceptional Research

Industry associations complement governmental efforts by
providing sector-specific guidance, best-practice toolkits,
and collaborative forums. Associations representing
metalworking,  automotive  components, or  food
manufacturing, for instance, can curate case studies
showcasing successful Bl implementations, organize
workshops where peers share lessons learned, and negotiate
group discounts with Bl vendors. By facilitating knowledge
exchange and vendor matchmaking, these associations
reduce the search and evaluation costs borne by individual
SMEs (Akinbola, et al., 2020, Ogundare, Akinyemi &
Aremu, 2021). Moreover, they can advocate on behalf of
their members for improved digital infrastructure—such as
high-speed broadband in industrial parks—and for
harmonized data standards that enhance cross-company
analytics. In doing so, industry bodies help create ecosystems
where SMEs are better positioned to leverage customized Bl
as a collective competitive advantage rather than continue
operating in isolation.

Effective SME support programs must go beyond financial
aid to address digital literacy and skill development.
Policymakers and development agencies should collaborate
with vocational colleges, community colleges, and online
education platforms to offer tailored training modules on data
analytics fundamentals, dashboard interpretation, and Bl tool
operation. Such programs need to be modular, allowing
participants to progress from basic spreadsheet analysis to
advanced dashboard customization and predictive analytics
over time (Akinyemi & Ebimomi, 2020, Aremu & Laolu,
2014). Embedding these curricula within existing lean
manufacturing or quality management courses creates
synergies that reinforce both technical and process
improvement competencies. Additionally, mentorship
schemes—pairing digital transformation novices with
experienced Bl practitioners—accelerate skill transfer and
demystify technology adoption, reducing the perception that
sophisticated analytics are only for large firms with dedicated
IT departments.

To maximize the impact of support programs, digital literacy
initiatives should incorporate hands-on learning in real
operational contexts. SMEs might host “data hackathons”
where cross-functional teams use anonymized production
data to build simple dashboards, fostering enthusiasm and
ownership among  employees.  Government-funded
innovation vouchers can subsidize BI pilot projects, enabling
SMEs to experiment with different vendors and solution
architectures before committing to full deployment
(Akinyemi & Salami, 2023, Attah, Ogunsola & Garba, 2023,
Otokiti, 2023). These vouchers can cover not only software
licenses but also consulting hours, ensuring that proof-of-
concept projects translate into scalable implementations. By
lowering the barrier to experimentation, such programs help
SMEs discover the most relevant KPl1s—whether cycle time,
machine uptime, or supplier fill rates—and build confidence
in data-driven decision-making.

Strategic partnerships with Bl vendors and consultants are
essential for tailoring solutions to the nuanced needs of
manufacturing SMEs. Rather than purchasing off-the-shelf
dashboards, SMEs should seek vendors with proven expertise
in their industry segment. A software provider that
understands the unique workflows of just-in-time inventory
management or regulatory compliance in food production can
deliver preconfigured templates, reducing customization time
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and cost (Akinyemi, Ogundipe & Adelana, 2021, Kolade, et
al., 2021). Consultants with a background in lean
manufacturing or Six Sigma can guide SMEs in selecting the
right data sources, defining meaningful KPIs, and designing
intuitive user interfaces that align with shop-floor realities.
Long-term  service agreements—combining  software
updates, helpdesk support, and periodic system audits—
ensure that Bl solutions evolve in step with changing business
requirements and technology advances.

Beyond transactional vendor relationships, SMEs and
technology providers can co-innovate through digital
innovation hubs or center-of-excellence labs. These public-
private partnership platforms bring together SMEs, software
developers, academic researchers, and government agencies
to pilot cutting-edge BI extensions—such as integrating
Internet of Things sensor networks for predictive
maintenance or deploying machine learning algorithms for
demand forecasting. Such collaborative environments
provide SMEs with early access to emerging analytics
capabilities without bearing the full cost and risk of
development (Akinyemi & Ogundipe, 2023, Aniebonam, et
al., 2023, George, Dosumu & Makata, 2023). They also
foster ecosystems where SMEs can collectively negotiate
terms, share data governance best practices, and influence the
roadmaps of Bl vendors to better reflect the needs of smaller
manufacturers.

At the strategic level, governments and industry bodies can
embed customized Bl adoption into broader economic
development agendas. Regional economic clusters—whether
automotive, aerospace, or medical devices—benefit from
shared data platforms that aggregate anonymized
performance metrics across member SMEs. Centralized Bl
platforms managed by cluster organizations can benchmark
companies against peer group averages, identify common
bottlenecks, and coordinate supply chain improvements
(Adisa, Akinyemi & Aremu, 2019, Famaye, Akinyemi &
Aremu, 2020). These initiatives not only enhance individual
competitiveness but also strengthen regional productivity,
attracting investment and skilled labor. Policy frameworks
that encourage cluster formation and cross-company
analytics thus amplify the benefits of customized BlI,
translating micro-level insights into macro-level economic
gains.

To ensure data integrity and security within these
collaborative frameworks, concerted attention must be paid
to governance architectures. Data sharing agreements,
encrypted data exchanges, and role-based access controls
protect proprietary information while enabling essential
benchmarking and transparency. Governments can support
these efforts by developing model data use policies, offering
digital trust certifications, and providing technical assistance
on privacy regulations (Akinyemi, 2013, llori & Olanipekun,
2020). By establishing clear guidelines and dispute-
resolution mechanisms, policymakers reduce friction among
SMEs considering participation in shared analytics
platforms, thereby unlocking collective intelligence that
drives industry-wide improvements.

Evaluating the effectiveness of policy and support initiatives
requires robust metrics and continuous feedback. Key
indicators might include the percentage of manufacturing
SMEs using customized Bl tools, improvements in
production efficiency attributable to analytics, and the rate of
new Bl-driven product or process innovations. Periodic
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impact assessments—conducted by independent research
institutions or industry associations—can inform policy
refinements, identify emerging skill gaps, and highlight
successful partnership models (Adeniran, Akinyemi &
Aremu, 2016, James, et al., 2019). These evaluations also
serve to publicize success stories, creating virtuous cycles of
adoption as more SMEs witness the tangible advantages of
customized BI.

The convergence of government incentives, industry
association support, targeted digital literacy programs, and
strategic vendor partnerships creates a fertile environment for
manufacturing SMEs to unlock the full potential of
customized BI. By lowering financial and technical barriers,
building workforce capabilities, and fostering collaborative
ecosystems, stakeholders can drive a transformation in which
data becomes a core strategic asset rather than an
underutilized resource (Akinyemi & Ezekiel, 2022, Attah, et
al., 2022). As SMEs harness real-time analytics, predictive
insights, and automated decision workflows, they enhance
their agility, reduce operational risks, and seize market
opportunities with greater confidence.

This integrated approach not only elevates the
competitiveness of individual SMEs but also strengthens the
resilience and innovation capacity of entire manufacturing
sectors. In an era defined by rapid technological change and
global volatility, the capacity to adapt—powered by
customized Bl—is indispensable. Policymakers, industry
leaders, and technology providers must therefore continue
collaborating to refine support structures, invest in digital
infrastructure, and champion data-driven cultures (Akinyemi
& Abimbade, 2019, Lawal, Ajonbadi & Otokiti, 2014). By
doing so, they will ensure that manufacturing SMEs are not
only able to survive but to thrive, transforming insights into
action and securing sustainable growth in the digital age.

3. Conclusion

The exploration of customized BI solutions within
manufacturing SMEs has revealed a compelling set of
insights. First, tailoring analytics platforms to the unique
workflows and data requirements of small-scale industrial
operations delivers measurable gains in productivity, cost
efficiency, and lead-time reduction. By integrating real-time
production metrics, inventory levels, quality indicators, and
maintenance data into unified dashboards, SMEs can
pinpoint bottlenecks, proactively address defects, and
optimize asset utilization. Second, the ability to make faster,
evidence-based decisions—driven by intuitive visualizations
and automated alerts—empowers managers to adapt swiftly
to demand fluctuations and supply chain disruptions. Third,
customer satisfaction improves when Bl-driven insights
enable accurate delivery forecasts, dynamic pricing
strategies, and rapid resolution of order issues, strengthening
brand loyalty in competitive markets. Finally, SMEs that
leverage customized Bl gain enhanced market positioning
and innovation capacity, using data to inform strategic
product development, identify new revenue streams, and
participate in collaborative industry networks.

These findings underscore Bl customization as a strategic
imperative rather than a discretionary investment. In an era
where agility and operational transparency are essential, off-
the-shelf reporting tools cannot match the precision and
relevance afforded by bespoke analytics solutions.
Customized BI transforms data from disparate sources into a
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cohesive decision-support engine, aligning shop-floor
processes with executive planning and customer
expectations. For SMEs striving to differentiate themselves
against larger competitors and global supply pressures,
embedding analytics into core operations is the most direct
path to sustainable competitive advantage.

Looking ahead, several avenues warrant further research and
practical development to drive digital empowerment across
the SME sector. Studies on low-code and no-code BI
platforms could illuminate how non-technical users can build
and modify dashboards without heavy reliance on IT
specialists. Research into Al-augmented Bl—where machine
learning models suggest prescriptive actions based on
predictive insights—promises to elevate decision support
from descriptive reporting to automated optimization.
Investigations into collaborative, industry-wide data
ecosystems may reveal best practices for secure
benchmarking and shared innovation among SME clusters.
Finally, examining the impact of targeted digital literacy
programs and policy incentives on Bl adoption rates will help
policymakers and industry associations fine-tune support
mechanisms. By advancing knowledge in these areas and
fostering  partnerships among technology vendors,
consultants, and SME networks, the manufacturing sector can
ensure that even the smallest enterprises harness the full
power of customized Bl to drive growth, resilience, and long-
term digital maturity.
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