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Abstract:

1 INTRODUCTION

Manufacturing firms compete on innovation, and

Digital Economy, Business Analytics, Manufacturing Digitalization, Industry 4.0, Dynamic Capabilities,
Technological Innovation.

In transition economies, digitalization has become one of the main forces behind innovation and
competitiveness among manufacturing firms, yet managers rarely have analytical tools to confirm whether
their digital investments actually translate into better products and processes. This paper addresses that gap
by building an IT-enabled analytics framework for evaluating technological innovation outcomes in
manufacturing enterprises, situating the discussion within the wider digital economy and business analy tics
literature. Rather than treating information technologies purely as engineering infrastructure, the study frames
them as enablers of data-driven decision-making and organizational change. Combining the resource-based
view with dynamic capabilities theory, the paper develops an analytical model that connects manufacturing
digitalization to productand process innovationthrough the capabilities of sensing, seizing, and reconfiguring.
The empirical analysis draws on survey responses collected from manufacturing firms across Uzbekistan’s
major industrial regions, with Structural Equation Modeling (SEM) applied as the business-analytics tool for
testing both direct and mediated relationships among the constructs. The results show that digitalization has
a substantial positive effect on technological innovation overall; dynamic capabilities fully mediate its effect
on product innovation and partially mediate its effect on process innovation. In practical terms, this means
digital tools alone are not enough, since firms also need the organizational and analytical capacity to put them
to use. By demonstratinghow IT-enabled analytics can supportinnovation-driven industrial development, the
study contributes new evidence on the digital economy from an emerging-market setting.

traces how manufacturing digitalization feeds into
technological innovation through the development of
dynamic capabilities [1]. The guiding research
question follows directly from this problem: under

increasingly that innovation is mediated by digital
technology - a shift that is especially visible in
transition economies, where industrial systems are
being rebuilt around digital infrastructure within a
relatively short span of time. In practice, however,
most managers have no structured way of telling
whether a given round of digital investment has
actually improved their products or their processes;
digitalization is pursued, but rarely evaluated with
much analytical rigor. This paper responds to that gap
by proposing an IT-enabled analytics framework that
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what organizational and analytical conditions -
particularly analytics systems - do digital investments
actually convert into measurable innovation
outcomes for manufacturing firms operating in a
transition economy? Prior research has generally
confirmed that digital transformation can strengthen
both innovation and competitiveness, but the
mechanisms behind that relationship are less well
understood. This study takes an IT-enabled business
analytics perspective to examine how digitalization
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shapes technological innovation specifically within
Uzbekistan’s manufacturing sector.

2 LITERATURE REVIEW AND
HYPOTHESIS

2.1 Theoretical Framework

2.1.1 Resource-Based View (RBV)

The resource-based view (RBV) treats the firm as a
bundle of resources and capabilities, and holds that
long-run performance depends less on which
resources a firm owns than on how well it combines
and deploys them in everyday operations. Resources
that become embedded in a firm’s routines and
management practices are difficult for competitors to
imitate; itis this embeddedness that helps firms adapt,
innovate, and perform well as conditions change [2].

Digital systems fit this description reasonably
well. They tend to improve firm performance through
their data-processing capacity, are relatively scarce
because implementing them well requires specialized
expertise, resist imitation because they become
woven into each firm’s particular way of operating,
and are hard to substitute once they start supporting
fast, coordinated teamwork [3].

This logic travels reasonably well to a setting like
Uzbekistan, where manufacturers are still in the
process of adopting Industry 4.0 technologies:
viewing digital tools through an RBV lens helps
explain why some firms manage to innovate
substantially more than others facing similar market
conditions [4].

2.1.2 Dynamic Capabilities Theory

Viewed through an applied IT lens, dynamic
capabilities are essentially the organizational
mechanisms that let a firm extract value from its
digitalizationefforts,and they map fairly cleanly onto
specific technologies. Sensing is supported directly
by tools such as the Internet of Things (IoT), big-data
analytics platforms, and smart monitoring systems,
which supply real-time operational data, help identify
trends, and generate predictive insight [5]. Seizing is
the firm’s capacity to turn whatever sensing reveals
into concrete innovation outcomes, typically by
feeding analytics-informed judgments into decision-
making. Reconfiguring, in turn, depends on how
adaptable a firm’s digital architecture is: flexible
frameworks and well-integrated information systems
make it easier to reallocate resources and coordinate
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across functions as conditions change. Taken
together, framing dynamic capabilities this way - as
mechanisms built on IT and analytics rather than as
abstract managerial skill - offers a workable account
of why manufacturing firms in transition economies
differ so much in how well they convert digital
investment into innovation.

2.2 Research Hypothesis

2.2.1 Manufacturing Digitalization and
Technological Innovation

Manufacturing digitalization, in this context, means
the systematic embedding of advanced information
technologies into production and management
systems, with the aim of making operations more
efficient, flexible, and responsive. The Industry 4.0
toolkit - industrial IoT, big-data analytics, artificial
intelligence, cloud computing, digital twins - works
as an interconnected set rather than as isolated tools,
jointly enabling real-time data capture, analytics-
based monitoring, and quick operational response[6].
Firms that adopt these systems tend to gain on more
than one front: productionitselfruns more efficiently,
but resource use and the quality of managerial
decisions improve as well.

Digital planning platforms add a further layer to
this by helping firms respond to shifting market
conditions, produce customized goods, and run
flexible small-batch production without giving up the
economies of scale that come with larger runs [ 7]. Put
differently, analytics-enabled digital infrastructure is
what allows firms to keep experimenting and
optimizing continuously, and that capacity is what
ultimately supports both product and process
innovation.

Product innovation here means either genuinely
new products or substantial upgrades to existing ones
- in functionality, performance, or market
appeal [8]. Getting there typically requires digital
design tools, smart production technology, and
feedback loops builton real operating data. Textiles,
machinery, and food processing are the industries
where this shows up most clearly in Uzbekistan, since
these sectors are modernizing quickly and exporting
firms in particular need digitally enabled upgrades
simply to meet the standards their foreign buyers
require [9]. Process innovation follows a related but
distinct logic: automation, robotics, IoT-based
monitoring, cloud production systems, and analytics
platforms are together pushing Uzbek manufacturers
toward more flexible operations, tighter real-time
process control, and faster, better-informed
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managerial decisions. Once embedded in production,
these technologies tend to make operations both more
reliable and more responsive to market shifts - which
is another way of saying that IT-enabled production
systems end up more scalable and resilient in the face
of rapid technological and market change. Figure 1
sets out how these pieces fit together, linking
digitalization, dynamic capabilities, and the two
innovation outcomes [10].

Technological
innovation:

Product
innovation;

Manufacturing
digitalization

Dynamic
capabilities

Process
innovation;

Figure 1: Analytical structure of the proposed IT-enabled
framework.

2.2.2 The Mediating Role of Dynamic
Capabilities in IT-Enabled
Digitalization and Technological
Innovation

What keeps a firm competitive when its environment
is changing quickly is, in large part, its dynamic
capabilities: the ability to spot opportunities and
threats, respond to them strategically, and reallocate
resources as circumstances demand. Sensing, seizing,
and reconfiguring are the three components usually
used to describe this ability, and together they give a
firm the flexibility to manage uncertainty and push
technological innovation forward. Froman applied IT
standpoint, these three capabilities are essentially
what converts digital inputs into innovation outputs.

Sensing, specifically, is a firm’s capacity to keep
watch on its external environment - reading signals,
tracking technological shifts, and anticipating where
markets are heading. In a manufacturing context this
translates into catching changes in customer demand,
technology trajectories, or supply chains early enough
to act on them [11], something that IT-enabled
monitoring and analytics tools make considerably
easier to do with speed and precision.

Seizing follows naturally from sensing: it is the
ability to mobilize resources and make timely callson
the opportunities sensing has revealed. Digital
platforms and enterprise information systems help
here mainly by speeding up information flow,
encouraging collaboration across departments, and
shortening the time it takes to roll out new
technologies or new digitally enabled business
models. Reconfiguring is the third piece - enabled by
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smart automation, adaptable production systems, and
resource management built on real data - and it is
whatlets a firmkeep innovatingevenwhile absorbing
disruption and uncertainty.

The broader research picture backs this up: firms
that combine strong dynamic capabilities with digital
technology tend to outperform firms that have only
one or the other on technological innovation. Solid
sensing, seizing, and reconfiguring capacity helps
manufacturers manage uncertainty and fast-moving
technological change well enough that their
digitalization efforts actually show up as product and
process innovation, rather than staying abstract. This
is the basis for treating dynamic capabilities as a
mediator between IT-enabled digitalization and
technological innovation - the mechanism through
which firms translate evolving technology and
shifting market demand into adjusted strategy and
operations.

3 METHODOLOGY

3.1 Research Design and Sample

The study is quantitative and survey-based, designed
to test how manufacturing digitalization, dynamic
capabilities, and technological innovation relate to
one another. In IT terms, the survey instrument
functions as the data-acquisition layer of the broader
analytics framework - it is what generates the
structured inputs that the statistical analysis later
works with.

Manufacturing digitalization serves as the
independent variable, capturing how far a firm has
integrated digital technologies into its production,
management, and day-to-day operations. The survey
was fielded across manufacturing firms in
Uzbekistan’s main industrial regions - Tashkent City,
Samarkand, Navoi, and the Fergana Valley.

Of the 287 questionnaires distributed, 214 were
complete enough to retain for analysis, giving a
response rate of 74.6%. Respondents were mostly
middle- and senior-level managers with direct
responsibility for digitalization, operations, or
innovation, which should make their assessments
reasonably well-informed. Sampling was stratified by
ownership structure - state-owned, private, and joint-
venture firms - to keep the sample representative. The
industries covered were textiles (28%), food
processing (22%), machinery and equipment (19%),
construction materials (17%), and a residual category
of other industrial sectors (14%). By size, 41% of
firms were small (under 50 employees), 37%
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Early and late respondents were compared on the
key constructs as a check for non-response bias; no
statistically significant differences turned up, which
suggests non-response bias is not a serious concern
here.

Manufacturing digitalization was operationalized
with six items drawn from prior empirical work, four
of which focus on data availability - essentially, how
much real-time monitoring the firm has running at
key points in its manufacturing process, based on
digital monitoring systems, sensor-based data
collection, and real-time visibility into production.

Dynamic capabilities were captured by asking
respondents to rate their organization’s ability to
sense, seize, and reconfigure - that is, to spot
emerging opportunities, mobilize resources behind
them, and adjust internal processes as the
environmentshifts. A representative item reads: “We
frequently scan the environment to identify new
business opportunities.” As with the digitalization
items, responses used a five-point Likert scale (1 =
strongly disagree, 5 = strongly agree), a format
standard enough in organizational and innovation
research that it supports reliable, comparable results
across studies.

3.2 Measurement Model and
Reliability

Every construct was measured with multi-item scales
adapted from established work on digital innovation
and dynamic capabilities, using the same five-point
Likert format described above.

Reliability and validity of the measurementmodel
were checked through Confirmatory Factor Analysis
(CFA) in AMOS 24. Standardized factor loadings all
cleared the 0.60 threshold and were significant at p <
0.001, which points to satisfactory item reliability.
Internal consistency, assessed via Cronbach’s alpha
and Composite Reliability (CR),came outas follows:
0.87 for manufacturing digitalization, 0.91 for
dynamic capabilities, 0.85 for product innovation,
and 0.83 for process innovation - all comfortably
above the 0.70 cutoff, with composite reliability
above 0.80 throughout.

Convergent validity held up as well, with Average
Variance Extracted (AVE) exceeding 0.50 for every
construct. For discriminant validity, the Fornell—
Larcker criterion was applied: in each case, the square
root of AVE exceeded the correlations with other
constructs, as required. Harman’s single-factor test
was used to check for common method bias; the first
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unrotated factor explained less than 50% of total
variance, so common method bias does not appear to
be a serious threat to the findings. On balance, the
measurement model held up well enough on
reliability and validity to proceed to the structural
analysis.

3.3 Structural Model Estimation

Uzbekistan offers a useful setting for this question
precisely because its manufacturing firms are in the
middle of adopting digital production technologies,
automation, data analytics, and digital supply-chain
management - the transition is happening now rather
than having already settled into a steady state. To test
the hypothesized relationships, Structural Equation
Modeling (SEM) was run in AMOS 24. Fit indices
came out within commonly accepted ranges (x*/df =
2.11, CFI = 0.94, TLI = 0.92, RMSEA = 0.056,
SRMR = 0.048), so the model can reasonably be said
to represent the data adequately.

3.4 Mediation Analysis

Mediation effects were tested with bootstrapping
(5,000 resamples). The indirect path from
manufacturing digitalization to product innovation
through dynamic capabilities came out significant (3
=0.36,p <0.001) - and because the corresponding
direct path did not, this counts as full mediation.
Process innovation showed a similar indirect effect (3
= 0.26, p < 0.001), but here the direct path stayed
significant too, which makes this a case of partial
rather than full mediation.

Read together, these results support the idea that
dynamic capabilities are not incidental to the story -
they are the mechanismthrough which digitalization
actually becomes innovation.

3.5 [IT-Enabled Decision-Support
Framework

Beyond validating the hypotheses, the SEM model
can also be repurposed as a decision-support tool for
manufacturing firms - rather than stopping at
statistical confirmation, the same structural
relationships can be turned into something closer to
an evaluation engine. The framework works across
three layers: a data layer consisting of the survey-
based inputs on manufacturing digitalization (MD),
dynamic capabilities (DC), and the innovation
outcomes; an analytical layer.
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Table 1: Definitions and explanations of the variables.

Variables Variable name Definition and explanation
Control variable Firm Age The number of years since the company was established.
Independent Manufacturing | The comprehensive integration of advanced digital technologies into manufacturing
variable digitalization processes, aimed at enhancing efficiency, flexibility, and intelligence.
Mediating Dynamic The firm’s higher-order ability to sense, integrate, reconfigure, and allocate internal
variable capabilities and external resources in response to a changing environment.
Product
Innovation
Dependent (PI) and The process of developing new products, or new and improved production
variable Process processes.
Innovation
(PrD)

Table 1 provides the definitions and explanations
of the key variables used in this framework. Where
CFA and SEM estimation validate the structural
relationships; and a decision layer, a scoring module
that takes the standardized path coefficients and
converts them into innovation-readiness indicators.

Using the estimated coefficients (3_MD—DC =
0.63; B DC—PI = 0.58; B DC—Prl = 041,
f_MD—Prl 0.29), the resulting evaluation
equations are:

=  Dynamic capability score: DC = 0.63 x MD;

=  Productinnovationreadiness: PI = 0.63 x MD
x (0.58;

=  Process innovation readiness: Prl = (0.29 x
MD) + (0.63 x MD x 0.41).

These equations let a firm’s digitalization
intensity be converted directly into a predicted
innovation-performance score, and a simple rule-
based classification can then guide what a manager
should actually do with that score:

= High MD + Low DC — prioritize capability

development;

= Low MD + High DC — expand digital
infrastructure;

= High MD + High DC — scale innovation
strategy;,

= Low MD + Low DC — initiate foundational
digital transformation.

For reproducibility: SEM was estimated in
AMOS 24 using Maximum Likelihood, with 5,000-
resample  bootstrapping and  bias-corrected
confidence intervals, and fit was judged against the
same y%df, CFI, TLL, RMSEA, and SRMR thresholds
noted earlier. Framed as a system, the whole pipeline
runs in four stages - survey-based indicators capture
firm-level digitalization intensity along with sensing,
seizing,and reconfiguring capabilitiesand innovation
outcomes at the input stage; CFA checks
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measurement reliability and construct validity at the
validation stage; SEM estimates the direct and
mediated relationships at the analytical stage; and
standardized coefficients feed into the scoring
mechanism that produces innovation-readiness levels
and managerial recommendations at the decision
stage. In principle, these outputs could feed a
dashboard that lets managers track digital-
transformation progress and decide where to focus
capability-building efforts.

4 RESULTS

4.1 Structural Model Results

With fit statistics within accepted thresholds, the
model can be taken as an adequate representation of
the observed data; the estimated structural
relationships appear in Figure 2.

Product
innovation

Manufacturing
digitalization

Process innovation

Figure 2: Structural model results with standardized path
coefficients.

Manufacturing digitalization has a strong,
positive effect on dynamic capabilities (f=0.63,p <
0.001). Dynamic capabilities, in turn, significantly
affect both product innovation (=0.58, p <0.001)
and process innovation (B = 041, p < 0.001).
Digitalization also retains a significant direct effect
on process innovation (=0.29,p <0.01) even after
dynamic capabilities are added to the model - but its
direct effect on product innovation does not survive
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that same addition, dropping to statistical

insignificance (f = 0.08, p > 0.10).
4.2 Mediation Effects

The same 5,000-resample bootstrapping procedure
was used to formally assess mediation. For product
innovation, the indirect effect of digitalization
through dynamic capabilities was significant (§ =
0.36, p < 0.001) with no accompanying significant
direct effect - full mediation, in other words. For
process innovation, the indirect effect was likewise
significant (p=0.26, p < 0.001), but here the direct
path held up too, which is what defines partial rather
than full mediation. None of the 95% bootstrapped
confidence intervals for these indirect effects crossed
zero, so the mediation results can be treated as
statistically solid. Altogether, this is consistent with
dynamic capabilities operating as the key mechanism
- grounded in analytics - through which digitalization
actually becomes technological innovation, fully so
for products and partially so for processes.

S DISCUSSION AND
IMPLICATIONS

5.1 Theoretical Implications
These results back up the idea that combining the
resource-based view with dynamic capabilities theory
is a useful way of explaining how digitalization
actually drives technological innovation. Digital
technologies on their own are valuable resources, but
the findings make clear they do not automatically
produce innovation - that outcome depends on
whether the firm can sense, seize, and reconfigure
around what the technology offers. Because product
innovation was fully mediated, digital investment
appears to need active management through these
higher-order capabilities before it shows up as
market-facing innovation; process innovation’s only-
partial mediation tells a slightly different story, where
digital technology can improve operational efficiency
somewhat on its own, with dynamic capabilities then
amplifying rather than fully gating that effect.
Treating dynamic capabilities as analytics-
enabled mechanisms in this way extends the IT-
enabled innovation literature and adds empirical
evidence from a transition-economy contextthat has
not been as well studied.
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5.2 Practical Implications

For practicing managers, the clearest takeaway is that
digital transformation cannot just be a matter of
buyingtechnology - capability development has to go
alongside it, through managerial training, cross-
functional collaboration, and decision-making
systems that are actually built around data.

The framework proposed here doubles as a
structured way to assess howready a firmis for digital
transformation and how much innovation potential
that readiness represents. Pairing digital monitoring
systems with analytics-based evaluation should help
firms keep their technology spending pointed at
actual innovation goals rather than technology for its
own sake. That link matters more, not less, in a fast-
modernizing transition economy like Uzbekistan,
where digitalization that is not paired with dynamic-
capability development is unlikely to produce
innovation gains that last.

6 CONCLUSIONS

This study set out to examine how manufacturing
digitalization affects technological innovation in a
transition economy, with particular attention to the
mediating role of dynamic capabilities. Digitalization
does enhance both product and process innovation,
but not unconditionally - its payoff depends on
whether firms build the capabilities to use it. Dynamic
capabilities turned out to fully mediate the
digitalization—product innovation relationship and

partially mediate the digitalization—process
innovation relationship.
The broader implication is that digital

transformation by itself does not guarantee lasting
innovation; firms need to pair their digital
technologies with real sensing, seizing, and
reconfiguring capacity. By bringing an IT-enabled
analytics perspective together with established
innovation theory, this study offers both empirical
evidence and a structured framework that
manufacturing firms can use to support innovation-
driven development going forward.
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