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Abstract

In the wake of the digital era, intense competition, globalization, fast-paced
technological advancements and growing cost challenges; businesses are essential
ISSN Print:2705-4845 to making accurate predictions, maximization of operations, and optimizing
resource consumption for sustainable operations. Predictive Analytics (PA)
ISSN Online:2705-4845 | offers possibilities to proactively predict outcomes based on historical data and
analytics to identify patterns. PA has the potential to revolutionize the front-end,
middle and back-end business operations in view of achieving the maximum
use of resources.
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With applications in finance, health, retail, and the automobile industry, the
spillover literature to explore the influence of Predictive Analytics in the context
of resource efficiency of business operations is scarce. By using the scoping
review method, this paper aims to collect and analyze the current state of the art
on the influence and effect of Predictive Analytics in order to provide theoretical
and practical implications, action agendas for future research, and assist the

making of informed policy decisions.
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Introduction

In the midst of severe competition, spread of
globalization, fast pace of technology, ever
increasing costs, the businesses—and particularly
the small and medium enterprises (SMEs) are
recognizing that the ultimate solutions for them in
terms of ensuring accurate predictions, efficiently
running their operations, and consuming less to
survive with profitability and resilience (Dubey et
al., 2019; Bandyopadhyay, 2025). In consequence,
Predictive Analytics (PA) is becoming a core
technological paradigm for enterprise decision
making.

PA uses both historical and real time information
via statistical modeling and machine learning
to predict in advance the potential outcomes,
spot patterns, measure the uncertainty across
the predictions, and disseminate probability
distributions on possible scenarios (Ahmad &
Lucas, 2024; Opoku, Owusu & Adu-Gyamfi,
2024). “Through those methodologies, it identifies
a range of plausible futures that underpin
strategic planning, risk mitigation, and real-time
operational responses.

While being an effective method, PA is still an
open area of research: models should be able to
continuously learn from data, for instance, cope
with concept drift (i.e., when the underlying
data patterns change over time) or suffer from a
decrease in the predictive accuracy (Darshika
Koggalahewa, Fernando & Lee, 2023). However,
the development of Al and data infrastructure
(e.g., cloud computing, IoT) is also bringing
increasingly more sophisticated and cost effective
PA deployments more rapidly (Chatterjee et
al., 2022; Huertas Garcia et al., 2024).

Background and Rationale

In recent years, ‘big data’ and predictive analytics
have been a hotbed in research to improve the
level of resource efficiency from operations to
supply chains. Signal in such studies state the
existence of big data capabilities and the adoption
of PA as a performance enhancer in environmental,
operational, and supply chain domains, as
evidenced by meta analyses and empirical studies
(Dubey et al., 2019; Sandu, Petriscu & Stan, 2022;
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Bandyopadhyay, 2025). But there is a significant
research void on external institutional pressures,
such as economic shocks, regulatory norms and
stakeholders’ expectations, on internal firm
resources (human, financial, physical and cultural)
effects on creating analytics capability especially
in SMEs (Al Shboul, 2023; Baker, Fields & Chen,
2024).

In the model developed by Stefanovic (2014) for
UK manufacturing SMEs, environmental pressures
are linked with internal resource provisioning,
analytics culture, and enhanced performance.
It particularly emphasizes that, as in the case
of technological capability, the availability of
resources such as financial resources, competence,
and routines as  ‘organizational routines’
determining “a big data culture”. This point-
of-focus is still pertinent in latest research since
SME:s the world as over continue have difficulties
in investing in data analytics technology or data
savvy personnel (Ndubisi, Capel & Sambasiyan,
2021; Collins, 2024).

The emergent literature on predictive analytics
in SMEs incorporates quantitative evidence such
as Opoku et al. (2024) article reveals that PA has
a significant positive relationship with efficiency
of operations and growth is revenue, for Nigerian
and Ghanaian SMEs. Bandyopadhyay (2025) also
found the same trend among Indian SMEs with
enhanced demand forecasting, inventory turnover,
customer segmentation, credit risk mitigation,
and fraud prevention. Ahmad and Lucas (2024)
stressed the potential of PA for SMEs not only to
anticipate the evolution of the market, but also the
to anticipate cash flow problems and the customer
churn through the model of integrated risks and
the model of the dashboards made more intuitive.
These empirical contributions all confirm that PA
enhances resource efficiency, but it is contingent
on firm readiness.

Relative advantage (perceived usefulness) and
compatibility (fit with previous systems) were
strong predictors of PA adoption in SMEs in
the Middle East (Al Shboul, 2023) In the same
vein, an empirical micro SME study in (Darshika
et al.,, 2023) found that organizational size,
top management support, and IT infrastructure
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readiness had a significant influence on analytics
maturity while competitive pressure had an
influence on only the medium sized (p<0.01;
beta=0.154) firms (Darshika,2023; Kshetri, 2023).

Institutional theory posits that firms under
heightened external isomorphism pressure have
to reconfigure resources, accelerate capabilities
development and deepen digital culture to survive
(Dubey et al., 2019; Sandu et al., 2022). This effect
is particularly pronounced in SMEs, whose limited
resources and inflexible structures generally
hinder flexibility (Chatterjee et al., 2022; Ndubisi,
Capel & Sambasivan, 2021). Approaches like
DETECTA2.0 show how semi supervised Al, edge
computing or digital twin interfaces can provide
low cost, scalable analytics and maintenance
solutions to SMEs of manufacturing companies to
achieve real time anomaly detection requiring low
expert intervention (Huertas Garcia et al., 2024).
From a digital perspective, an analytics culture can
be considered an enabler that mediates between
technology and performance (Stefanovic, 2014;
Sandu et al., 2022)

“Fair and foul are near, as well as fast.” The results
are both internal and external. Within the four walls,
predictive models can optimize staffing, minimize
machine downtime, or equalize inventories while
reducing unit costs without sacrificing flexibility.
At an external level, they facilitate enhanced
co-ordination with suppliers, demand signals,
and risk responses in the supply chain (Huertas
Garcia et al., 2024; Opoku et al., 2024). However,
challenges persist. Model interpretability is
still low (Mehdiyev et al., 2023), SMEs do not
always have clear methodologies to address
topics such as concept drift (Koggalahewa et
al., 2023) or accuracy paradoxes (Kubat, 2000;
Baker et al., 2024). Skills gaps, limited budgets
and data immaturity are also barriers to adoption.
In South-Asia, this using analytics is reportedly
between 5-10% (as part of the integrated digital
strategy level) (Sandu et al., 2022).

First, has been an explosion of data and
automation through IoT, which is leading to new
usage—cases for PAs. The second is policy interest
i.e., governments are ever keener to force firms to
report emissions, traceability, energy footprints
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and these are all demands that can only glibly be
met with predictive models (Sandu et al., 2022).
Empirical examination will leverage a multi-
country SME survey platform (India, Southeast
Asia, Sub-Saharan Africa) for quant modeling,
along with, complementary, qualitative case studies
that is most notably a longitudinal pilot involving
an SME implementing predictive maintenance and
anomaly detection (continuation: Huertas Garcia
et al., 2024) and a consumer goods SME applying
PA for inventory forecasting (Opoku et al., 2024;
Ahmad & Lucas, 2024).

Scope and Objectives

Fast progress in the technology of digitization in
recent years results in daily data amounts coming
close to almost unimaginable proportions, and
push today’s organization in an era of ubiquitous
big data (Kshetri,2023). The sheer volume,
velocity, variety, and variability of big data has
brought about both transformative opportunities
and formidable challenges to effectively capturing
value (Deloitte, 2024). The opportunity for big
data is in exposing waste; in energy, materials and
supply chain latency, things legacy approaches
miss (Wang, Wang & Ranjbar Dehghan, 2024).
But there are many obstacles for organizations to
fully harness this potential.

First, the significant data infrastructure issues
around integrating disparate and legacy systems,
maintaining data quality, and coping with
demanding processing known to afflict (Gandomi,
Chen, & Abuligah, 2023). Firms with siloed
data architectures find it difficult to integrate
structured and unstructured data for analytics and
cloud migration projects tend to come undone at
the investment and skills hurdle.

Second, there’s this issue that there’s these big
skills gap. There is an on-going lack of individuals
who can design, draught and maintain large-scale
analytics (HIGTM,2024; Consortix,2023). While
low-code analytics are available, advanced model
deployment and interpretation still require data
science acumen. Initiatives of internal staff training
through collaboration with universities, and
seeking to increase required expertise through
internal promotion programme are symptomatic
of such increasing levels of awareness.
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Resource Efficiency in Business
Operations

Resource efficiency has emerged as a critical
priority for organizations aiming to enhance
operational sustainability and cost-effectiveness.
Businesses are increasingly adopting green
supply chain (GSC) strategies to reduce energy
consumption, minimize waste, and optimize
material use (Dubey et al., 2019). However, the
complexity of supply chains and variability in
operational demands continue to challenge firms in
their pursuit of efficiency. Traditional approaches
relying on managerial intuition often fall short due
to limited accuracy and bias.

In contrast, predictive analytics provides a powerful
tool to anticipate future operational outcomes
using historical and real-time data, enabling
informed decision-making that drives resource
optimization (Wamba et al., 2022). Applications of
predictive analytics in this context include demand
forecasting, inventory management, and predictive
maintenance, particularly in  manufacturing
and logistics sectors (Chatterjee et al., 2022).
Despite growing interest, much of the existing
research remains fragmented and case-specific,
with few comprehensive frameworks to guide
implementation across diverse business settings
(Kasiri, Chen & Albarq, 2024). Furthermore,
studies applying predictive analytics in broader
business operations beyond manufacturing are
limited, leaving a gap in actionable insights for
many industries.

A scoping review has been proposed as a method
to systematically synthesize available evidence,
identify knowledge gaps, and offer practical
guidance to managers and policymakers (Sandu et
al.,2022). Suchreviews are essential for developing
a robust understanding of how predictive analytics
can be integrated into business operations to drive
resource efficiency at scale.

Integration of Predictive Analytics in
Business Operations

The evolution of predictive analytics from basic
descriptive tools to advanced forecasting models
has become a cornerstone in modern business
operations. By shifting from retrospective data
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analysis to forward-looking insights, predictive
analytics empowers organizations to optimize
resource  allocation, anticipate  disruptions,
and improve overall operational efficiency
(Chatterjee et al., 2022). This study employs a
hybrid scoping review methodology combining
systematic and content-driven search strategies
to examine a decade of literature and uncover key
developments in predictive analytics, especially
in planning and control systems across industries
(Sandu et al., 2022). The review highlights how
predictive analytics evolved from traditional
business intelligence toward more accessible
and customizable tools, including open-source
libraries, cloud-based platforms, and Al-enhanced
applications. These innovations are increasingly
integrated into predictive maintenance, anomaly
detection, and process optimization in industries
ranging from manufacturing to logistics (Huertas
Garcia et al., 2024).

As global business networks expand and become
more complex, the need to monitor vast numbers of
variables ranging from equipment health to supply
chain volatility has intensified. Predictive analytics
not only supports routine decision-making but
also enables early detection of rare yet high-
impact events such as system failures or supply
chain disruptions (Mehdiyev et al., 2023). These
capabilities underscore the growing importance of
predictive analytics as a strategic tool in managing
today’s dynamic business environments.

Best Practices

To effectively operationalize predictive analytics
for enhancing resource efficiency, organizations
must adopt structured best practices that bridge
data insights with actionable outcomes. One
foundational approach is to develop a continuous
analytics feedback loop, which aligns data-
driven decision-making with organizational
goals. This cycle involves defining key business
questions, collecting relevant data, conducting
predictive modeling, and integrating feedback
from operational outcomes to refine the models.
Communication between analytics teams and
business units is essential to ensure alignment with
performance indicators and evolving operational
needs (Chatterjee et al., 2022; Stefanovic, 2014).
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Establishing this loop enables organizations to
remain adaptive and outcome-focused.

A second-best practice is to clearly delimit
the problem scope before model deployment.
Predictive analytics applications, particularly in
complex or high-risk scenarios such as disaster
recovery or supply chain disruptions, require clear
strategic boundaries to optimize decision-making.
In such cases, resource efficiency initiatives must
consider cost-benefit trade-offs, feasibility, and
evolving constraints (Mehdiyev et al., 2023).
Implementing a real-time decision support
system (DSS) that evaluates current conditions
and suggests optimal task prioritization enhances
operational agility. These systems help streamline
planning under uncertainty, allowing businesses
to deploy resources efficiently and accelerate
recovery or value capture during disruptions
(Wamba et al., 2022).

Methodology of Scoping Review

As business operations become increasingly
complex and time-sensitive, achieving resource
efficiency hinges on the ability to collectand process
vast amounts of data in near real-time. Predictive
analytics offers powerful tools to transform such
data into actionable insights, enabling timely and
resource-efficient decision-making across various
operational contexts (Wamba et al., 2022). This
review aims to synthesize existing research and
contemporary applications of predictive analytics
within business operations, identifying key
strengths, limitations, opportunities, and risks. The
growing volatility in consumer demand, especially
in dynamic sectors like eCommerce, frequently
disrupts pre-planned operational workflows. These
shifts necessitate agile, data-driven approaches
that can anticipate demand and adjust resource
allocation accordingly (Chatterjee et al., 2022).

With the proliferation of decentralized business
units and gig-based commerce models, operations
now require near-instantaneous decisions on
resource deployment and task completion. In
this environment, prediction-based interventions
become critical for sustaining efficiency. Recent
research shows that predictive models when
properly trained can simulate and balance
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workloads under a range of operational conditions
(Mehdiyev et al., 2023). Techniques like support
vector machines and random forests have
proven effective in modeling complex, non-
linear relationships between operational inputs
and outcomes, thereby enabling businesses to
reallocate resources proactively and optimize
overall performance.

Search Strategy and Selection Criteria

With operations becoming more and more
sophisticated, as well as time critical, resource
efficiency depends on being able to ingest and
process large volumes of data very fast. Predictive
analytics provides strong methodologies for
turning this data into real time insights which can
be used to make efficient decisions across a range
of operational settings (Wamba et al., 2022).
The purpose of this review is to consolidate
the literature and applications of predictive
analytics in business, highlighting its strengths,
limitations, opportunities and challenges. With
consumer demand sinuously shifting in terms of
sentiments, especially in dynamic sectors such as
eCommerce, planned operational workflows get
skewed pretty often. Such shifts demand agile,
data-driven solutions that can predict requirements
and allocate resources appropriately (Chatterjee
etal., 2022).

The growing number of autonomously operated
business units and gig economy business models
necessitates that operations make rapid decisions
on resource allocation and task scheduling. In
this setting, prediction-based strategies are crucial
to maintain efficiency. Recent studies have shown
that pretrained predictive models can simulate and
distribute workloads between different scenarios
(Mehdiyev et al.,, 2023). Approaches such as
support vector machines and random forests have
been effective in modeling complex, non-linear
relationships among operating inputs and outputs
to help businesses reallocate resources in real time
and maximize overall throughput.

Data Extraction and Synthesis

We conducted an exhaustive search on twenty
seven peer-reviewed articles which used
predictive analytics in different industries, using
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the PRISMA-ScR methodology, which is the
standard guide for systematic scoping reviews
(Tricco et al., 2018). This review also consolidated
results on predictive analytics applications for
improved resource management by supporting
more intelligent decision-making in sectors such
as energy, waste, material management, and
emissions. Proof-of-concept demonstrations in
different fields including manufacturing and
logistics emphasized that successful adoption of
predictive analytics is contingent on robust data
curation and preparation approaches (Chatterjee et
al., 2022).

Despite the fact that many firms and universities
are in the process of developing the use of these
technologies to improve the KPIs (throughput,
environmental impact), some challenges still
exist such as data silos, integration issues
and scarcity of skillful people (Wamba, et al.,
2022). Interestingly, a general shortcoming in
industry practice was revealed by the review, that
significant attention had been directed to static,
inanimate parameters (e.g., machine settings) at
the expense of next-order operating variables (e.g.,
scheduling risks, variability in tasking, or human
factors). This neglect of the larger predictive
potential is a leap narrower than optimal. More
substantial improvements in resource efficiency
generally reside in the tuning of these flexible
layers, that represent more adaptable and
strategically important levers in dynamic business
environments (Mehdiyev et al., 2023).

Interpretation of Findings

This scoping review provides an overview of
trends in shaping the current field of literature on
predictive analytics, specific to resource efficiency
in enterprise operation, helps identifying key
gaps and directions for future research. Although
the last decade has seen increasing academic
attention to predictive analytics, especially
in areas such as supply chain resilience and
operational optimization (Adewusi et al., 2023;
Nayak, 2025), there are significant opportunities
for managers and researchers alike. For example,
time series forecasting, regression analysis,
clustering, optimization, and so forth are well
understood and have been shown to play a key
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role in informing the allocation of resources in
areas such as inventory management, workforce
deployment, and maintenance scheduling (Nayak,
2025). Also, explorations in ERP systems have
focused on human accelerants, such as machine
learning, real-time data integration for better-
informed decision-making, and better inventory
control and production planning (Pokala 2024).

Yet challenges remain in data quality, model
interpretability, and integration with enterprise
systems. For deployment to be successful, future
research is needed on the mechanisms that connect
predictive models and enterprise workflows
(e.g., explainable Al methods, guided analytics
applications, and talent development programs).
Not only will this direction facilitate organizational
learning for managers across a variety of
operational functions, but it will also enable us to
determine which of the predictive interventions
provide the greatest efficiency benefits.

Relevance to Business Operations

Predictive Analytics should continue to be a game
changer for Business Operations. Over the past few
decade’s businesses have witnessed a revolution in
markets and technologies, and predictive analytics
has been at the forefront of that revolution. Business
Industries that were previously unconnected are
very connected and digital. As a result, businesses
now need to consider an increasingly vast amount
of data. They realize that by turning that data into
knowledge they can optimize resources, improve
process efficiency, and therefore make better
decisions.

In the past, it was costly for businesses to hire
experts to analyze their data, however predictive
analytics has brought to market software which can
analyze vast amounts of data, and present it in an
understandable way with a user-friendly interface
(Stefanovic, 2014). Nowadays, predictive analytics
is widely recognized as a game changer and is being
used in a whole series of business applications
across a large number of industry verticals. Major
areas include events management, workforce
planning, customer relationship management,
and sales and marketing operations. The uses of
predictive analytics to improve processes are too
many to be exhaustively reported. Nevertheless,
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there are some dominant themes. A wide range
of Business Key Performance Indicators can be
accurately predicted; this allows better forecasts
of business results and cash flow projections, and
an identification of business operations that are not
performing at their best.

Similarly, Supply Chain Key Performance
Indicators can be predicted, allowing Businesses
to have improved control (Dubey et al., 2019). For
Example, delivery times can be predicted allowing
planned adjustments in stock levels and/or sales
prices. Also, predictive analytics can be used to
analyse the processes themselves and provide a
high-level overview of Discoveries in the data. In
the same way, text mining and sentiment analysis
can be used to undertake a high-level analysis of
customer feedback and comments.

Future Research Directions

PA is emerging as a key theme in the business of
today and this is evident from the scoping review
conducted. Although it is a young concept, PA is
expected to have a huge potential for increasing
the operational transparency, efficiency and
agility of a firm, which have become essential
for corporates given today’s global competitive
pressure (Stefanovic, 2014).

PA supports the early detection of risks and
the prevention of time-delaying factors, so that
organizations can proactively manage events of
uncertain impact. Such a proactive position is an
indispensable basis for further exploring in depth
how PA integration can contribute systematically
to improving operational performance of enterprise
architectures. Additionally, the review suggests
different arrangements to integrate PA into
existing routines in order to “grease and tweak”
the established business processes (Matopoulos et
al., 2014).

Using current business data, PA reveals hidden
patterns that standard monitor systems do not
always capture. These (if implemented) bring in
predictive analytics capabilities that are important
for either mitigating risky business and allowing
normal transparency in supply chains (Stefanovic,
2014; van der Spoel et al., 2015).
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Emerging Technologies

FTA indicates that the current trend in modern
business process is leaning towards PA. While it
is still early to judge, there are the signs that PA
has the capacity to enhance the degree and level
of transparency, responsiveness and efficiency
as driving forces for companies facing global
competitive pressures (Stefanovic, 2014). PA
promotes early risk detection and elimination
of delay-prone events, so organizations can
take proactive steps to attenuate events about
which they are less certain. This proactive stance
is a facilitator in continuing research looking
at how PA integration may be strategically
employed to enhance operational excellence in
enterprise systems.

PA exploits live business data to ascertain
hidden patterns that, in principle, cannot be
orchestrated by common monitoring systems.
When implemented, those are the characteristics
that allow predictive analytics in supply chain,
which are critical for risk management and for
everyday supply chain transparency increasingly
so in a world of shortening, expensive resources
(Stefanovic, 2014; van der Spoel, Kumar &
Weidlich, 2015). In light of such a view, this paper
proposes the concept of Resource Efficient Supply
Chain (RESC), and validates its importance with
a parameterized research framework by mean of
the thematic synthesis of scoping review findings.

Industry Applications

As businesses are increasingly focused on
breaching business and maximizing resource
utilization, they look for new methods to extract
insights from large volumes of data. PA provides
a potential solution by improving operational
decision making and resource utilization (Dubey
et al., 2019). In order to successfully deploy PA,
companies need a combination of physical and
intangible assets such as data infrastructure,
competent staff, as well as cultural fitness (Dubey
et al., 2019). This article systematically reviews
the literature on key resources needed for the
implementation of PA, as well as their related
efficiency gains.

PA provides load prediction, which allows
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businesses to dynamically optimize the
assignment of staff and assets according to the
demand (thus saving costs and congestion). The
benefits of such forecasting are highly significant
for bigger companies; however, smaller entities
with limited resources have few improvements
(Adekunle et al., 2021). For example, a number
of businesses are already taking advantage of
PA in order to reschedule or cancel shifts during
lack-of-anticipated-workload conditions, which
can significantly reduce the costs associated with
labor and idle time. This can be of particular value
in knowledge-intensive sectors such as education,
health or sports, where optimizing staff availability
for customer demand is especially important.
For instance, a school may use projections to
predict how many students will sit for make-
up exams, and so decide how many classes to
schedule.

Conclusion

Research on predictive analytics (PA) has
accelerated significantly in recent decades, driven
by the ability to collect vast datasets, affordable
storage solutions, and advances in computational
power (Stefanovic, 2014). A structured literature
review was performed on high quality academic
sources to examine PA’s role in improving resource
efficiency within business operations afield referred
to as predictive analytics for business operations.
This multilevel review identified key findings,
methodological challenges, and avenues for future
research. Timely performance monitoring and
response mechanisms are essential for businesses
operating in rapidly evolving markets (Stefanovic,
2014). Traditional key performance indicators
(KPIs) provide historical snapshots, but PA enables
the creation of predictive KPIs that forecast future
trends and flag emerging business issues before
they materialize. Stefanovic (2014) demonstrated
how data mining models integrated with online
analytical processing (OLAP) and web portals can
generate accurate KPI forecasts, thereby revealing
latent trends and allowing proactive decision
making.

This proactive shift from retrospective reporting to
predictive insight is foundational for embedding
intelligence into business processes (Stefanovic,
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2014). By analyzing historical and incoming data
through advanced algorithms, organizations can
forecast KPI values, identify influential business
entities, and uncover hidden interrelationships
that inform strategic adjustments. Consequently,
PA facilitates a more agile, informed, and efficient
operational framework, enabling enterprises
to anticipate market shifts, optimize resource
allocation, and drive continuous performance
improvement.
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