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1. Introduction very important possibilities in the promising

market of rapidly growing and diverse
industries, accelerating development, increasing
competitiveness and narrowing the production
productivity gap with more developed countries

Tectonic shifts are currently taking place in
the world economy, which will ultimately be
defined by the Fourth Industrial Revolution and
at its core is Artificial Intelligence, or Al. Al offers
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(Feijoo et al, 2020; Kulkov et al, 2024).
Companies in these regions are under increasing
pressure to adopt Al capabilities in order to gain
a competitive advantage in terms of operational
efficiency, innovation, and sustainability in a
globalised world (Arroyabe et al., 2024; |. Lee et
al., 2019). Al potential to transform centuries-old
business  practices, from supply chain
management to customer engagement, is a key
factor in determining whether businesses will
thrive in the 21st century (Budhwar et al., 2023;
Min et al., 2019). This trend is emphasised by the
significant investment in digital technologies by
governments and firms in emerging markets,
indicating a shared recognition of the
transformative potential of Al (Chawla & Goyal,
2021; Massa et al, 2023). As a result,
understanding the effects of Al adoption on firm
productivity has become a pressing research
question for both economists and business
strategists.

However, the path to generating productivity
gains from Al is far from clear. The "productivity
paradox” is a topic that is often discussed and is
particularly large in scope. This is the idea that
large investments in IT result in little or no
improvements to firm productivity (Brynjolfsson
& McAfee, 2014). This paradox is exacerbated in
emerging economies due to their specific
institutional and infrastructural constraints.
Merhi (2023), Strohm et al. (2020) point to
several reasons why there is a complex
implementation environment. Among these are
weak digital infrastructure, a lack of skilled
human capital with the ability both to develop
and manage Al systems and large heterogeneity
in firm size and resource availability.
Additionally, cultural resistance to change and a
lack of strategic direction regarding how Al can
enable companies or business functions could
potentially reduce its effectiveness (Kar et al.,
2021; Lemos et al, 2022). Overall, these
observations suggest that the relationship
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between Al adoption and productivity is not
straightforward, but rather depends on various
moderating boundary conditions that require
empirical exploration.

The study is based on the idea that a
company's resources and capabilities are the
most important factors in determining its
competitive advantage and performance
(Barney, 2018). The adoption of Al can be
considered a strategic resource, but its
contribution occurs once other organisational
resources have been added. The interaction
between Al investment, human capital skills,
firm size and complementary factors digital
infrastructure as a tangible resource can be
explained with the help of the RBV lens (Yang et
al., 2024; S. Zahra & Mudambi, 2025). We build
on this by incorporating dynamic capabilities
theory, which places greater emphasis on a firm's
capacity to integrate, generate and adapt both in-
house and external competencies in response to
swiftly evolving environments (Teece, 2018).
Theoretical principles: The epistemological
position is positivist. The study aims to develop
objective measures for testing relationships.
These relationships are derived from empirically
validated or assumed hypotheses. The study
aims to contribute to an accumulating body of
knowledge in strategic management and
technology adoption.

The literature on this subject is both lacking
and contradictory, and this research is both
urgent and new. While some studies suggest a
positive correlation between Al and productivity
(Brynjolfsson et al., 2018; Mit et al., 2023), others
report mixed or negative outcomes, particularly
in contexts of weak institutions (Schwens et al.,
2011; Vanacker et al., 2017). This divergence
raises a key question: In what contexts does the
adoption of Al contribute to productivity
enhancement in emerging economies, and how
does this occur? In this regard, our contribution
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is to propose a comprehensive moderating
model. First, we synthesis conflicting digital
infrastructure readiness evidence. While some
studies identify a mediating role for it (J. ]. Lee et
al.,, 2023), others propose that it is neither
sufficient nor necessary in isolation (Mickeler et
al.,, 2023), revealing ambiguous results regarding
its actual interaction pattern. Second, we address
the uncertainty surrounding human capital
skills. While Zahra et al. (2024) focus on
technological skills, Dosi et al. (2025), Imjai et al.
(2025), Lei et al. (1996) emphasise the
importance of managerial and adaptive
competencies, but do not provide a detailed
explanation of what these skills would entail.
Thirdly, the significance of firm size is
controversial. While larger firms may have more
resources (Ayyagari et al., 2021), smaller firms
may be more agile (Bloom et al, 2012).
Consequently, there is theoretical ambivalence
regarding its moderating effect. Most
importantly, previous models have overlooked
the crucial role of organizational culture in
influencing innovation. They have seen
innovation as a secondary factor in determining
the effectiveness of other factors. Despite being
mentioned briefly, no studies have incorporated
it as a fundamental element in the relationship
between Al adoption and firm productivity
(Agrawal et al., 2019; Grover et al., 2022). This
also strengthens the reinforcing impact of digital
infrastructure readiness, human capital skills
and firm size. To the best of our knowledge, this
research offers a new perspective on the
inconsistent findings of previous studies by
introducing and validating this integrated i.e
multi-level ~ moderating  mechanism  in
peacekeeping research for the first time.

The main aim of this research is to examine
whether and how Al adoption affects firm
productivity. This is for a fundamental setting of
emerging economies. This research also seeks to
examine the moderating effect of digital
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infrastructure readiness, human capital skills
and firm size, with the aim of providing a
comprehensive understanding of the factors that
contribute to the success of businesses in the
digital age. A particular contribution will be the
examination of the general moderating effect of
organisational culture on innovation in relation
to these factors. We anticipate that our work will
provide robust, firm-level evidence of the factors
required for successful Al adoption. The global
implications of this are significant, too. It
provides a roadmap for designing policies of
intervention (e.g. on infrastructure and
education) for policymakers, and guides
managers in heterogeneous economic settings.
The framework helps them determine how
prepared their organisation is during different
stages of the Al life-cycle. With this knowledge,
they can seek guidance to best utilise the returns
from Al investments to drive inclusive economic
growth.

2. Critical Review

2.1 Impact of Al adoption on firm productivity

The theorized model of technological
augmentation is the basis for our hypothesis that
adopting Al technology has a positive effect on
firm productivity. Al: Al systems are expected to
automate compleXx, non-routine capabilities,
streamline operational processes and data-
centric decision-making capacity providing more
and more time for human capital for significantly
more value-add activities (Brynjolfsson &
McAfee, 2014). This relationship is especially
crucial in emerging markets. Anecdotal evidence
has also shown that firms adopting Al
technologies achieve large improvements in
productivity and output. For example, a recent
work by Brynjolfsson et al. (2024) have observed
that the adoption of Al results in large
productivity gains, especially in those sectors
where it supplements pre-existing ways of
working. At the same time, studies that center on
emerging economies suggest that Al applications
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in manufacturing and services are critical
sources of competitive advantage and
productivity gains (Cirera et al., 2021). Thus Al
technology will likely to have direct positive
impact on firm productivity in the emerging
market context.

Hi. Artificial Intelligence adoption positively
affects firm productivity in emerging markets.

2.2 Effect of digital infrastructure on Al adoption
efficiency

The relationship between Al adoption and
firm productivity is moderated positively by
digital infrastructure readiness, according to the
theory of complementarity. Teece (2018) argue
that the value of a core technology is increased
by complementary assets. Al systems rely on
data transfer, cloud computing, and low-latency
connections, and require robust digital
infrastructure to operate at maximum efficiency.
The deployment of data-hungry Al processes is
impeded when high-speed internet access,
predictable power supplies and secure data
networks are not in place. This results in
impaired performance and the potential loss of
productivity gains. This important moderating
role has been highlighted in recent empirical
studies. For instance, Lee et al. (2024)
demonstrated that the productivity benefits of Al
technologies in manufacturing establishments
were significantly greater in areas with advanced
5G and broadband penetration. However,
Kretschmer and Khashabi (2023) discovered that
in areas with inadequate digital infrastructure,
the returns to Al investment for firms were
constrained despite substantial investments -
highlighting  the infrastructure-dominated
nature of this potentiality. Consequently, the
positive impact of Al application on productivity
will be greater in economies with a high level of
digital preparedness, as these economies will be
better equipped to take advantage of the
technology.
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H,. Digital infrastructure readiness positively
moderates the relationship between Al adoption
and firm productivity.

2.3 Role of human capital skills in Al

implementation

The second hypothesis of the positive role
played by high human capital skills in reinforcing
the impact of Al adoption on firm productivity is
informed by human capital theory, which
postulates that employees’ knowledge, skills
and abilities are important resources influencing
successful technology utilization (Becker 1964).
Al systems are not self-sufficient; to deploy,
operate and make strategic use of them will
require a workforce that can understand the
outputs they produce, run algorithms and build
insights from Al into their companies main
processes. Yet without the equivalent standard
of human expertise, the investment in Al is not
driving maximum value. There is substantial
empirical support for this moderating role. In
another study of Zahra et al. (2023) the
productivity increase from Al is much higher in
firms that have a good technical and analytical
knowledge among their employees.
Complementing this, Dosi et al. (2022) point out
that obtaining value from Al is not only about
technical competencies but also management
capabilities to adjust firm structures and
processes. We thus hypothesize that the positive
association between Al adoption and firm
productivity is going to be stronger when firms
have higher human capital skills.

Hs. Higher human capital skills strengthen the
impact of Al adoption on firm productivity.

2.4 Influence of firm size on Al adoption
outcomes

The contention that smaller firms inhibit the
positive influence of Al adoption on productivity
is based on the resource- based view, which
presumes that larger firms outcompete in terms
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of tangible and intangible resources required to
succeed in technology (Barney, 1991). More
specifically, larger firms generally have more
financial resources to invest in the high initial
costs of Al adoption, R&D departments to tailor
integration, and they can spread risks across
business activities. This is a scale, that can enable
greater efficiency of the use and deployment (as
well as scaling) of Al technology everywhere.
Recent empirical research presents strong
evidence for this moderating role. Research by
Ayyagari et al. (2024) in emerging economies
that found the positive relationship between Al
usage and productivity growth to be much
stronger for larger firms, due to their better
access of capital and technical skills. On the other
hand, though smaller establishments might
show nimbleness, Bloom et al. (2023) point out
that, in many cases, resource limitations prevent
practitioners from fully deploying complex Al
systems. Accordingly, we should expect the
beneficial effect of Al adoption on firm
productivity to be stronger in larger firms.

Hs. Firm size positively moderates the effect of Al
adoption on productivity outcomes.

2.5 Development of organizational culture

toward innovation as moderator

The idea that organisational culture plays an
important role in innovation is firmly rooted in
management literature and dynamic capability
theory. This theory suggests that a company's
ability to integrate and reconfigure resources in
response to changing demands is crucial (Teece,
2018). Innovation culture is a meta-capability
that enhances the value of other assets. Vaccaro
et al.'s (2021) research shows that this kind of
culture is vital in turning technological
investments into performance improvements.
Specifically, it is anticipated that this culture will
positively moderate the relationship between Al
adoption and company productivity by fostering
the strategic fit and psychological safety
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necessary for its effective implementation (Lee,
2024). It also strengthens digital infrastructure
readiness by encouraging the exploratory and
exploitative use of technological resources, as
emphasised by Wu et al. (2023). Culture
amplifies the impact of human capital skills by
creating an environment that values the
innovative use of knowledge, which Zahra et al.
(2023) consider critical. The third point to
consider is that culture also strengthens the
moderating effect of company size. This is
because it can reduce structural inertia in large
companies while increasing their
competitiveness compared to small companies.
This process was previously described by
Kretschmer and Khashabi (2023). This
comprehensive moderating effect is an
important new finding.

Hs. Organizational culture toward innovation
positively moderates the relationship between
Al adoption and firm productivity.

He. Organizational culture toward innovation
strengthens  the influence of  digital
infrastructure on Al adoption effectiveness.

H7. Organizational culture toward innovation
enhances the effect of human capital skills on Al
adoption outcomes.

Hs. Organizational culture toward innovation
amplifies the moderating role of firm size on Al
adoption and productivity.

3. Method Innovations
3.1Research design

This paper uses a quantitative explanatory
research design to explore two issues; namely,
the causal relationships between Al adoption and
firm productivity, as well as the hypothesized
moderating variables. We do so using a cross-
sectional survey methodology based on a
stratified random sample of manufacturing firms
in major emerging markets. This design is well
suited to the study of complex organizational
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phenomena and testing theory with multiple
variables, as it enables analysis of constructs
relationships after controlling for extraneous
factors (Saunders et al., 2019). The quantitative
methodology allows a sound statistical testing of
the hypotheses and helps in generalizing the
findings to the wider manufacturing firms
population in EM. The cross-sectional study is
suitable to reflect on the current situation of Al
adoption and impact, presenting a “Cross-
section” or snapshot in time (Creswell &
Creswell, 2023).

3.2Population and sample

The population of the study is represented by
manufacturing companies located in emerging
markets, classified as such by the International
Monetary Fund (IMF, 2023). Sample Design A
multi-stage design will be used for the survey,
the first stage being stratified random sampling
to attain a proportionate representation of
manufacturing sub-sectors and size categories.
This strategy is consistent with the best practices
in organizational research and helps to increase
representativeness of the sample as well as
external validity of our findings (Kish, 2022).
Sample size will be determined and based on
power analysis, where a minimum of 200
participants are anticipated to provide
acceptable statistical power for medium-sized
effects in the proposed moderated regression
models. This sample size is in accordance with
well-established norms for complex multivariate
analysis in management research (Hair et al,,
2022)

3.3 Research instruments

Data will be gathered through a structured
questionnaire created as result of a deep review
on already existing measures in top journals. All
constructs will be measured using multi-item
Likert-scale (1-5 point) measures that have been
shown to be reliable and valid in other research.
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The questionnaire will be thoroughly validated,
such as expert and pilot testing (n=50) to
consider validity. Convergent and discriminant
validity will be tested through confirmatory
factor analysis to assess the measurement model,
in line with established scale development
methods (Hinkin, 2021). Internal consistency
will be investigated using Cronbach'’s alpha and
composite reliability indicators with a value
>0.70 deemed acceptable (Nunnally & Bernstein,
2023).

3.4 Data analysis

All the data will be analyzed by SPSS 27 software
in a systematic analysis process. Descriptive
statistics will be used to describe the sample and
for testing data normality. CFA will in turn be
used to validate the measurement model and to
establish construct validity (Brown, 2023).
Hierarchical moderated regression analyses will
then be utilized to examine the hypotheses,
consistent with recommended steps for
examining moderation effects (Hayes, 2022). The
confounding variables like firm age, sector of
industry and R&D intensity will be controlled by
the regression models. Model assumptions such
as multicollinearity, homoscedasticity and
normality of residuals will be carefully examined
using relevant diagnostic tests (Wooldridge
2023).

3.5 Ethical considerations

This study will be conducted following the
highest ethical consideration, and guided by the
American Psychological Association’s ethic
principles researchers work with humans and by
the European Code of Conduct for Research
Integrity. This study has been approved by the
ethical committee of the authors’ hospital in
advance. All firms that participate will provide
informed consent with a full explanation about
the purpose of the visit, study methods, and
usage of the data (Resnik, 2023). Participant
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anonymity will be assured using data de-
identification and secure storage procedures.
Participants will have the opportunity to
withdraw at any time without penalty and the
processing of data will comply with GDPR
regulations for international research (European
Commission, 2022).

4. Innovations Result and Discussion

4.1 Descriptive statistics and data screening

According to descriptive statistics and
correlation matrix in Table 1, the results provide
preliminary evidence on relationships between
Al adoption and firm productivity. All variables
in the tweet study display good variability with
means from 2.15-3.71 on Likert-type scales.
Particularly, Al usage reveals a positive
relationship with firm productivity (r = 0.55, p <
0.01), which supports our main hypothesis in the
first place. Moreover, workplace culture has the
strongest correlation with productivity (r = 0.63;
p < 0.01) indicating its possible significance as a
contextual variable. The moderate to large inter-
correlations among independent variables (r =
0.28~0.67) imply related but different constructs,
and all correlations with firm age are still weaker
between other inter-independent relationships.
The lack of extremely high correlations (all
<0.70) alleviates multicollinearity concerns in
any future regression analyses. These findings
provide a strong base for studying the introduced
theoretical model and imply that the adoption of
Al has substantial association with productivity
acceleration in manufacturing companies from
emerging economies.

4.2 Confirmatory factor analysis (CFA)

Table 2 shows confirmatory factor analysis
loadings, and support for the psychometric
properties of the measurement model is very
good. Factor loadings of all items were strong (
>0.50) for the three constructs. 65 to. 86, which
is beyond recommended. 60. The composite
reliability scores (. 85 to. 91) and AVED (. 59 to.

is licensed under CC BY-SA 4.0

4 DOI: https://doi.org/10.69725/ jebi. v2il. 263

64) were higher than the predefined threshold in
support of strong internal and convergent
validity. The measurement model fit the data
well (c2/df = 1.85, CFI =. 96, TLI =. 95, RMSEA =.
045, and SRMR =. 038, all surpassing common
goodness-of-fit criteria. These results offer
strong evidence of the constructs being
measured reasonably well by their factors, and
therefore provides a good base for later
hypothesis testing. The robustness of the
measurement  also  indicates that the
relationships observed in the structural model
indeed reflect theoretical concepts, and are not
due to measurement errors.

4.3 Reliability analysis

The reliability analysis in Table 3 reveals
excellent internal consistency for all the
measurement instruments. The values of both
Cronbach's alpha and composite reliability fell
between. 85 to. 91 across the five constructs, a
level that is clearly higher than the
recommended cutoff of. 70 as recommended by
Nunnally and Bernstein (1994). Al Adoption (.
89), Productivity (. 87), Human Capital (. 88), and
Organizational Culture (. 91) achieved
“Excellent” reliability but Digital Infrastructure
(. 85) revealed "Good to Excellent” consistency.
These high reliability coefficients are based on,
respectively, 4 to 6-item scales and reflect very
consistent measuring instruments with little
error variance. The high degree of equivalence
between Cronbach's alpha and composite
reliability further supports the psychometric
propriety of the scales, suggesting that
constructs are measured with acceptable level of
reliability and can be used for structural equation
modelling and hypothesis testing.

4.4 Hypothesis testing main effects

Table 4 reports the hierarchical regression
analysis for main effects and my postulating
Hypothesis 1 gains a strong empirical support as Al
adoption has been shown to be significantly
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increasing firm productivity. The inclusion of Al
adoption in Model 2 accounts for a 24% increase in
variance in productivity explaining (AR? =, 24, p <.
001) and the driving influence of emotion, with the
entire model explaining 52% of total variance. The
positive effect of Al adoption is significant (8 =. 49, p
<. 001), suggesting that a one-standard-deviation
increase in Al adoption is associated with 0.49
standard deviations of productivity improvement. For
the control variables, firm size (g =. 15, p <. 05) and
R&D intensity (8 =. 18, p <. 05) remain strongly
positively significant, whereas firm age is also not
significantly related. All the variance inflation factors
are far less than 3.0, indicating no significant issue
with multicollinearity. The F-statistic (42.18, p <. 001)
confirms the general model robustness and also
reassures Al adoption as a critical factor in
determining productivity for emerging markets’
manufacturing firms.

4.5 Hypothesis testing moderating effects

Table 4 reports the hierarchical regression
analysis for main effects and my postulating
Hypothesis 1 gains a strong empirical support as Al
adoption has been shown to be significantly
increasing firm productivity. The inclusion of Al
adoption in Model 2 accounts for a 24% increase in
variance in productivity explaining (AR? =, 24, p <.
001) and the driving influence of emotion, with the
entire model explaining 52% of total variance. The
positive effect of Al adoption is significant(p =. 49, p <.
001), suggesting that a one-standard-deviation
increase in Al adoption is associated with 0.49
standard deviations of productivity improvement. For
the control variables, firm size (g =. 15, p <. 05) and
R&D intensity (p =. 18, p <. 05) remain strongly
positively significant, whereas firm age is also not
significantly related. All the variance inflation factors
are far less than 3.0, indicating no significant issue
with multicollinearity. The F-statistic (42.18, p <. 001)
confirms the general model robustness and also
reassures Al adoption as a critical factor in
determining productivity for emerging markets’
manufacturing firms.

4.6 Higher order moderating efect of organizational
culture

is licensed under CC BY-SA 4.0

4 DOI: https://doi.org/10.69725/ jebi. v2il. 263

Higher-order moderating effects analysis (Table
6) Higher levels of Organizational culture are
significant at a hierarchical level, with all the
hypothesized interactions being highly statistical. The
significant two-way interaction Al adoption and
organizational culture (g = 0.24, p = 0.001) verifies H5;
innovation-oriented culture increases the link
between Al and productivity. Most importantly, the
large  three-way interactions confirm that
organizational culture enhances other contextual
moderating effects: Al x Digital Infrastructure x
Organizational Culture (g = 0.17, p = 0.001) supports
H6 and Al x Human Capital x Organizational Culture
(g =0.19, p=0.001) supports H7 and Al x Firm Size x
Organizational Culture interaction (g = 0.14, p = 0.005)
supports HS8; It thus codifies our view on the
necessary interplay of IT resources with strategic
contingencies such as firm size to expand
organizational capabilities for knowledge creation
through IS innovation practice sharing across
affiliates during global spread. Taken together, these
results reveal that organizational culture serves as a
meta-moderator, intensifying the conditional effects
of digital infrastructure, human capital and firm size
on Al adoption-productivity link. Robust T-values for
the estimates (between 2.86 and 4.82) and consistent
pattern of significance reinforce the central role of
organizational culture in generating synergistic
opportunities for productivity improvements from Al
in manufacturing firms in emerging markets.

4.7 Simple slopes analysis

The analysis of simple slopes (c.f., Table 7) offers
strong evidence for moderating effects in all
contextual factors taken into account. When digital
infrastructure is high (+1 SD), the association between
Al adoption and productivity is much stronger (p =
0.65, p < 0.001) than for low digital infrastructure (g =
0.29, p = 0.05), confirming that strong technological
bases enhance the benefits derived from Al. The
strength of the Al-productivity relationship is also
higher when workers are highly-skilled - g = 0.31 (p
=.05) in exposure rate terms under low human capital
and p = 0.68 (p <.001) with high human capital
indicating the importance of skilled workforce. Firm
size also has an important moderating role, in which
large firms (g = 0.58, p < 0.001) benefit more of Al
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adoption in terms of productivity than small firms (3
= 0.27, p = 0.05). The small confidence intervals and
large t-values (between 2.42 and 7.56) are evidence of
these conditional effects’ validity, providing strong
support that the organizational context greatly
impacts productivity gains due to Al investments in
emerging market manufacturing firms.

4.8 Model comparison and effect sizes

The model comparison and effect size estimation
(Table 8) show the increasing explanatory power and
a comprehensive one that accounts for 72% of
variance in firm productivity. Addition of main effects
(AR2 = 0.24), then two-way interactions (aR? = 0.15)
and three-way interactions (AR2 = 0.08) sequentially
contributed significant proportion of variance, with
all F-change values being highly significant
\(p<0.001). The large explanatory power of the final
model is also reflected by a strong effect size (f2 =
2.57), which is much higher than Cohen's threshold
for considering effects to be large (f2=0.35). The small
difference between the R? and adjusted R2? values
across models suggests a small overfitting, while the
stepwise increase stage was significant from baseline
controls (R2 = 0.28) to full theoretical model (R? =
0.72), supporting this comprehensive path of our
conceptual model. These outcomes validate the role
of the nexus between Al adoption, organisational
factors and their higher-order interactions as an
effective driver of productivity differentials in
emerging market manufacturing organisations.

4.9 Robustness checks

The robustness test in Table 9 also confirms that
our results are insensitive to alternative modeling
specifications. There is consistent support for all
Hypotheses (H1-H8) across method treatments,
indicating the robustness of our theoretical model.
The bootstrapping approach with 5,000 repetitions
produced results that were exactly the same as our
original analysis, showing that distributional
assumptions did not influence our findings.
Sensitivity analyses based on alternative model
specifications involving different sets of control
variables also supported our findings, thus the
identified associations are not a mere result of specific
modeling choices. Finally, and possibly even more
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importantly, the subsample analysis for each of five
different emerging markets (40 firms per country) led
to consistent support for all hypotheses with only
minor deviations from findings we presented in our
framework. This extensive robustness check suggests
that the positive effect of Al adoption on firm
productivity, and our ascertained moderation
mechanism are robust across alternative empirical
models and situational contexts in emerging
economies.

4.10 Post-hoc power analysis

The post-hoc power analysis in Table 10 further
indicated that our study had excellent statistical
power to find the hypothesized effects. A priori power
calculations indicate that, with an effect size of f2 =
0.35 and a sample size of 200 (alpha level = 0.05),
statistical power was achieved at a very high level
(power =.98) exceeding the customary threshold of.80
for significance testing. There is only 2% chance of
Type Il error, which can be interpreted as: We have a
good coverage and strong assurance that whenever
there are true effects those will be detected. The
critical value of the F = 2.68 and noncentrality
parameter (A) = 70 reinforce the strength of our
statistical tests. The solid good power in both the
analytical approaches implies that our research was
sufficiently powered to detect the complicated
relationships within our theoretical model, which in
turn suggests that relations supported here are real
rather than false positive constructs. Together, we
have strong statistical power from our high sample
size and robustness of many of our results across
several methods, which provides more confidence in
the broad conclusions we draw about effect Al
adoption on firm productivity in emerging markets.

4.11  Discussion

The results of this study offer strong evidence that
the adoption of artificial intelligence significantly
boosts firm productivity in a context of
manufacturing firms located in emerging markets,
adding to meetness of certain organizational
variables. The strong positive association between Al
use and productivity (g =. 49, p <. 001) is consistent
with the literature on technological transformation
which stipulates Al as a general purpose technology
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able to produce unprecedented productivity gains
(Brynjolfsson & McAfee, 2017). Our results have
shown that manufacturing firms in the EMs could
gain great productivity advances due to strategic Al
adoption which provides empirical support for the
claims that latecomer firms can take advantage of
digital technologies to mitigate typical development
barriers (Lee et al., 2021).

Hierarchical regression results show that Al
adoption explains 24% of incremental variance in
productivity beyond control variables, suggesting a
high explanatory power. This finding supports the
resource-based view of the firm: technological
capabilities are key resources for ataining and
sustaining a competitive advantage (Barney, 2018).
The large effect size (f2 = 2.57) in our ultimate model
exceeds traditional levels for large which highlights
the revolutionary nature that Al-based technologies
can have on a manufacturing setting. This is
consistent with findings from previous studies which
show that Al-based automation and predictive
analytics improve production processes, ensure
minimal wastage, and also increase the operational
efficiency in manufacturing industries (Tiirkeli &
Huang, 2022).

The moderating effects we have found here offer
subtler perspectives on the contextual determinants
of the productivity returns from Al In addition, digital
infrastructure turned out to be an important
moderator (8 =. 18, p <. 01), which may suggest that
technological complements are a necessary
ingredient to the full deployment of Al. This result
reinforces the infrastructure capability approach,
which focuses on the idea that advanced technologies
need to be built upon a strong infrastructural base in
order to provide value (Billon et al., 2020). The simple
slopes analysis showed that the Al-productivity
association was over two times stronger in high-
digital infrastructure settings (g =. 65) than in low-
infrastructure settings (g =. 29), bringing into sharp
focus the criticality of technological preparedness in
fledgling markets.

The strongest moderation was by human capital
(B =. 21, p <. 001), the need for human expertise in
concert with Al technologies to be effective is
highlighted. This is consistent with the human-Al
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collaboration literature that emphasizes Al systems as
a complement to humans rather than a substitute
(Raisch & Krakowski, 2021). The high (g =. 68) and low
(8 =. 31) basic human capital “These results
demonstrate the relevance of the contribution to
workforce development in emerging and low-income
poor bookkeeping services Editage. This corresponds
with findings that success in Al adoption is crucially
based on employee’ s capability to effectively interact
with intelligent systems (Wilson & Daugherty, 2018).

The effect of Al on productivity was also
moderated by firm size (g =. 15, p <. 05), albeit to a
somewhat lesser extent than other moderators. This
result suggests the economies of size that larger firms
enjoy in deploying Al, thanks to their greater
resources and organisational slack for innovation
experimentation. However, the strong relationship
even for smaller firms implies that Al technologies are
being democratized across different sizes of
organizations, which is in line with the inclusion of
advanced technologies industry-wide in emerging
markets (Kumar et al., 2023).

The most theoretically interesting finding of this
research is the identification of organizational culture
as a second-order moderator that magnifies other
contextual factors. The important three-way
interactions with organizational culture show its
meta-moderation effect, enriching the conditional
effects of digital infrastructure, human capital and
firm size. This insight contributes to the literature on
innovation culture by indicating that it does not just
act as a driver, but also enhances other organisational
capabilities (Naranjo-Valencia, Jiménez-Jiménez, &
Sanz-Valle, 2023). Strong Al adoption-organizational
culture interplay (p =. 24, p <. 001) further confirms
that Al adoption and value can be nurtured in cultures
of innovation.

The best model explaining 72% of the variance in
productivity is a significant development towards
comprehending the complicated interplay between
technology and organization in Emerging Markets.
This high level of explanation is indicative that our
theoretical model encapsulates the core factors
underpinning productivity gains in Al. The amount of
variance in model improvement from controls (R2 =.
28) to the complete theoretical model (R2 =. 72) shows
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and proves the configurational nature of Al
adoption,combinations,and interactions as they
contribute to explaining organizational effectiveness
by signaling that a good company is made up of
multiple aligned parts(Meyer,Tsui,& Hinings, 2022).

The consistency of the results from different
analytical methods in our study increased the
confidence level on our findings. The robustness of all
relationships across bootstrapping, alternative
specifications and cross-country subsamples suggests
that the identified relations are not methodological
artefacts but mirror real-life behaviours in the EM
manufacturing environment. A further advantage of
this approach is that its methodological strength
offers an important safeguard for the analyses of
moderation and three-way interaction effects, which
can be quite sensitive to methodological choices
(Dawson, 2023).

The high level of statistical power (1-8 =. 98) in
the present analyses offers high assurance against
Type Il errors and makes us more confident that null
results concerning non-significant interrelations are
true null findings. The acceptable power for the
detection of complex interaction effects is particularly
impressive, especially when we consider that
organizational research in less developed countries
usually experiences constraints related to sample size
(Aguinis, Edwards & Bradley, 2023). It is the statistical
robustness of this, as well as the theoretical coherence
of the relationship, which bolsters our argument.

Practical Implications To the managers of
manufacturing companies in emerging markets, these
results will be helpful. The significant moderating
effect of human capital suggests that introduction of
Al technologies ought to be paired with workforce
development programs that allow to acquire
complementary  competences. Second, the
infrastructural moderation effect suggests that the
weakening of technologies infrastructure prior to
investing in Al could increase the possibility of
immediate gains from innovation efforts. Most
critically, the meta-moderation function of
organizational culture speaks to the importance for
cultural change along with technology adoption and
shapes the argument that Al implementation
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effectiveness is predicated as much on organizational
soft features as on technological potential.

Theoretical implications The present study
contributes to a number of streams of literature. From
a technology acceptance perspective, our results
suggest that second-order interactions and
amenability to context, as opposed to main effects
only, may be critical in explaining relationships
between technology use and performance. The
implications for emerging markets’ literature are that
the findings help counteract simple reductionist
stereotype  views of technology transfer,
demonstrating the role played by organizational
factors on technology assimilation and value creation.
In the context of organizational culture research,
results from meta-moderation imply new ways that
culture shapes their performance.

Several limitations need to be taken into account
while interpreting these results. The cross-sectional
nature, although suitable for establishing
associations, precludes causal inferences. Future
longitudinal studies could explore how the
relationships identified change as firms become more
experienced with Al. The narrow focus on
manufacturing firms within emerging markets, which
may provide context-specific information but could
limit the generalisability to other sectors or economic
locations. Second, the study only tested a specific
sample of moderators; other context might be
considered in future studies, such as industry forces,
competition intensity or institutional environment.

Despite its shortcomings, this study provides
several important implications for Als adoption in the
manufacturing industry in emerging markets. The
discovery of organizational culture as a second-order
moderator has theoretical implications in explaining
cross effects between the influencing variables at the
organisational level on technology outcomes. The full
model accounting for 72% variance narrates a solid
platform to wundertake future research on Al
implementation in developing nations. With the
spread of Al technologies emerging as an issue around
the world, recognizing the contextual factors that
condition their effects is becoming more and more
critical for theory as well as practice.
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5. Conclusion

Our study demonstrates that Al adoption is
an important source of productivity gain among
the emerging market firms in the manufacturing
industry, but its efficacy will vary contingent on
key organisational conditions. The study
provides evidence that the impact of Al adoption
is  significantly = moderated by digital
infrastructure, human capital capabilities and
firm size in a very synergistic-way while it
independently accounts for significant variance
in productivity. The deeper point is that
organizational culture acts as a meta-moderator,
which reinforces the contingent effects of other
structural factors and generates an ecosystem
where Al technologies maximise productivity
returns. These results challenge the naive
technological determinism by showing that Al
capabilities generation is intrinsically dependent

6. Image and Data Table

Appendix A: Population and Sampling Framework
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on organizational readiness and contextual fit.
This is a particularly significant finding for
manufacturers in emerging markets who are
navigating their digital transformation journey,
as it indicates that successful Al deployment
requires balanced attention to technological
infrastructure, talent development and culture
adaptation. The interpretive framework
developed in this paper represents a refined and
structured way of thinking about the phenomena
that can help both scholars and practitioners
provide them with validated model to
understand and optimize Al investments in
developing economic environments, capturing
how technological progress should go hand in
hand with organizational development as well as
shedding light for sustained productivity gains
against the background of competition at global
level.

Characteristic

Stratification Criteria

Target Proportion

Firm Size Small (50-249 employees)

Medium (250-999 employees)
Large (1000+ employees)
Automotive

Electronics

Textiles

Food & Beverage

Other Manufacturing

Sector

40%

35%
25%
20%
25%
20%
20%
15%

Appendix B: Measurement Instrument Framework

Number of Items Item Adapted From Source
Al Adoption 5 "Our firm uses Al for process optimization™ Lee (2024)
Firm Productivity 4 "Compared to competitors, our productivity is..." Brynjolfsson et al. (2024)
Digital Infrastructure 4 "Our firm has access to high-speed internet" Wau et al. (2023)
Human Capital Skills 5 "Our employees have necessary Al skills" Zahra et al. (2023)
Organizational Culture 6 "Our firm encourages innovative ideas" Kretschmer & Khashabi (2023)

Table 1. Descriptive Statistics and Correlations
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Variable Mean SD 1 2 3 4 5 6 7 8
Productivity 3.65 0.72 1
Al Adoption 3.42 0.81 .55%* 1
Digital Infrastructure 3.28 0.89 51 48 1
Human Capital 3.53 0.68 .58** .62 45 1
Firm Size 2.15 0.82 32% .28%* .35% 31% 1
Organizational Culture 3.71 0.74 .63%* 59%* 52%* .67%* .38%* 1
R&D Intensity 2.85 1.12 417 .38%* 427 .39%* 25% 447 1
Firm Age 18.32 8.45 .18 .15 22% .16* 427 21 29% 1

Table 2. Confirmatory Factor Analysis Results

Construct Items F L Range (CR) (AVE) Model Fit Indices
Al Adoption 5 .68-.82 0.89 0.62 x2/df = 1.85
Productivity 4 .72-85 0.87 0.63 CFI =.96
Digital Infrastructure 4 .65-.79 0.85 0.59 TLI =.95
Human Capital 5 .71-.83 0.88 0.6 RMSEA =.045
Organizational Culture 6 .74-.86 0.91 0.64 SRMR =.038
Table 3. reliability statistics
Construct Cronbach's a Composite Reliability Number of Items Interpretation Threshold
Al Adoption 0.89 0.89 5 Excellent
Productivity 0.87 0.87 4 Excellent =.70
Digital Infrastructure 0.85 0.85 4 Good to Excellent (Nufmal]_y &
; Bernstein,
Human Capital 0.88 0.88 5 Excellent 1994)
Organizational Culture 0.91 0.91 6 Excellent
Table 4. Hierarchical regression results for main effects
Predictor (B) Model 2 () Standard Error t-value p-value VIF
Firm Size .18* .15% 0.07 2.14 0.034 1.32
Firm Age 0.09 0.07 0.05 1.4 0.162 1.28
R&D Intensity 22 .18* 0.08 2.25 0.026 1.45
Al Adoption - 497 0.06 8.17 <.001 1.67
R2 0.28 0.52
Adjusted R2 0.25 0.49
AR2 - 247
F-statistic 15.32%** 42.18%*
Table 5. Moderated Regression Results
Predictor Model 3 Error t-value p-value Hypothesis Support
Al Adoption ATHEE 0.05 9.4 <.001 H1 Supported
Digital Infrastructure .16* 0.07 2.29 0.023 - -
Human Capital 19** 0.06 3.17 0.002 - -
Firm Size 13* 0.06 2.17 0.031 - -
Al x Digital Infrastructure 18** 0.06 3 0.003 H2 Supported
Al x Human Capital 21 F** 0.05 4.2 <.001 H3 Supported
Al x Firm Size .15* 0.07 2.14 0.033 H4 Supported
R? 0.67
Adjusted R2 0.63
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ARZ 3 15***
F-statistic 38.45%**

Table 6. Higher-Order Moderating Effects

Interaction Term B Standard Error t-value p-value Hypothesis Support
Al x Organizational Culture 0.24 0.05 4.82 0.001 H5 Supported
/c\:n t’;rflg‘tal Infrastructure x Org 0.17 0.05 3.45 0.001 H6 Supported
Al x Human Capital x Org Culture 0.19 0.05 3.92 0.001 H7 Supported
Al x Firm Size x Org Culture 0.14 0.05 2.86 0.005 H8 Supported

Table 7. simple slopes analysis

Moderator Moderator Level Al - Productivity p  Standard Error  t-value p-value 95% CI Lower %5;;5:
Digital Low (-1 SD) 0.29 0.12 2.42 0.05 0.06 0.52
Infrastructure High (+1 SD) 0.65 0.1 6.5 0.001 0.46 0.84
Human Capital Low (-1 SD) 0.31 0.11 2.82 0.05 0.1 0.52
High (+1 SD) 0.68 0.09 7.56 0.001 0.5 0.86
. . Low (-1 SD) 0.27 0.11 2.45 0.05 0.05 0.49
Firm Size .
High (+1 SD) 0.58 0.1 58 0.001 0.39 0.77
Table 8. Model comparison and effect sizes
Model R2 Adjusted R2 AR2 F-change p-value 2 Effect Size
Control Variables 0.28 0.25 - - - - -
+ Main Effects 0.52 0.49 0.24 42.18 <.001 0.5 Medium
+ Two-Way Interactions 0.67 0.63 0.15 38.45 <.001 0.45 Medium
+ Three-Way Interactions 0.72 0.68 0.08 24.73 <.001 0.28 Medium
Final Model 0.72 0.68 - - - 2.57 Large
Table 9. robustness check results
. Sample H2 H3 H4 H5-H8
Analysis Method Sizl; H1 Support Support _ Support Support Support Notes
Original Analysis 200 Yes Yes Yes Yes Yes Baseline model
Bias-corrected
Bootstrapping (5,000 samples) 200 Yes Yes Yes Yes Yes confidence
intervals
Different  control
Alternative Specification 200 Yes Yes Yes Yes Yes variable

combinations

i Yes (with .
Subsample Analysis (by 40 per Yes Yes Yes Yes minor C0n51s_ter1t across
country) country L emerging markets
variations)
Table 10. post-hoc power analysis
Effect Size Power  Sample . .

Test Type () o (1-p) Size Critical F A Interpretation
F-test ~ (Linear  multiple 35 0.05 0.98 200 2.68 70 Excellent power
regression)

- [ 2

F-test (Fixed model, R 0.35 0.05 0.98 200 2.68 70 Excellent power
deviation from zero)
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