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DIGITAL TRANSFORMATION

AS A MODERATOR OF GREEN
INNOVATION AND EXPORT
PERFORMANCE: EVIDENCE
FROM VIETNAMESE EXPORTING
FIRMS

Abstract

This study examines the relationships among green innovation, digital transformation,
and export performance in Vietnamese exporting firms, with particular attention to
the moderating role of digital transformation. Data were collected through a struc-
tured survey conducted between April and December 2025. The final sample com-
prised 292 valid firm-level responses, with one respondent representing each exporting
firm. Respondents were managers, executives, or functional staff directly involved in
export operations, production, logistics, or strategic decision-making. Ordinary least
squares regression with an interaction term was employed to test the proposed rela-
tionships. When digital transformation was at its sample mean, green innovation was
positively and significantly associated with export performance (B = 0.169, p < 0.001).
Correspondingly, when green innovation was at its sample mean, digital transforma-
tion was positively and significantly associated with export performance (B = 0.235,
p < 0.001). The interaction between green innovation and digital transformation was
positive and statistically significant (B = 0.587, p < 0.001), indicating that the asso-
ciation between green innovation and export performance became more positive as
digital transformation increased. Conditional-slope analysis revealed a crossover in-
teraction: the relationship was negative at a selected lower level of digital transforma-
tion, positive at its sample mean, and substantially stronger at a selected higher level.
The model explained 44.6% of the variance in export performance. These findings
highlight the complementarity of green and digital capabilities and suggest that digital
transformation is an important enabling condition for translating green innovation
into stronger export-related outcomes in an emerging economy.

Keywords innovation, transformation, export performance,
exporting firms, moderating effect, emerging economy,
Vietnam

JEL Classification F14, 033, Q55

INTRODUCTION

In the context of globalization, exporting firms are increasingly con-
fronted with two interrelated transformations. On the one hand,
rapid digitalization is reshaping business operations, market access,
and international trade processes through the adoption of advanced
technologies such as artificial intelligence, big data, and e-commerce
platforms. On the other hand, global markets are imposing stricter
environmental standards, sustainability requirements, and traceabil-
ity regulations, making environmentally responsible practices an in-
creasingly important condition for maintaining access to internation-
al markets. These structural shifts are redefining the determinants of
export competitiveness, particularly for firms operating in emerging
economies.

http://dx.doi.org/10.21511/ppm.24(4).2026.01 /I
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The relevance of this issue is particularly evident in Vietnam, where export-oriented growth remains a
central pillar of economic development. Vietnam’s total merchandise trade reached about USD 930 bil-
lion in 2025, an increase of more than 18% compared with the previous year, while the country main-
tained a trade surplus of over USD 20 billion (Vietnam Customs, 2026). These figures indicate the grow-
ing scale and international exposure of Vietnamese firms, while also suggesting that they are becoming
more sensitive to changing requirements in global markets, including digital trade processes, traceabil-
ity systems, sustainability standards, and environmental compliance. At the global level, recent interna-
tional trade reports and policy debates increasingly emphasize the role of digital technologies, including
artificial intelligence, in reshaping international trade, market access, and firm competitiveness (WTO,
2025). At the same time, environmental and carbon-related trade requirements, such as the European
Union’s Carbon Border Adjustment Mechanism, signal that exporters must increasingly demonstrate
environmental responsibility and supply-chain transparency, as CBAM entered a transitional phase
during 2023-2025 and applies its definitive regime from 2026 (European Commission, n.d.).

For Vietnamese exporting firms, these developments create a dual pressure. While digital transfor-
mation offers opportunities to improve efficiency, transparency, and connectivity with global markets,
green innovation has become increasingly important for complying with environmental regulations
and maintaining access to key export destinations. However, many firms continue to face constraints in
financial capacity, technological readiness, human resources, and institutional support, limiting their
ability to respond effectively to these simultaneous demands. As a result, firms’ ability to adapt to both
digital and sustainability requirements remains uneven.

Although prior research has increasingly examined the importance of digital transformation and green
innovation for firm performance, empirical evidence on how these factors jointly shape export out-
comes remains limited, particularly at the firm level in transition economies. Most existing studies ex-
amine these drivers independently, paying insufficient attention to their complementarity and the possi-
bility that their relationships with export performance are conditional. This limitation is important be-
cause green innovation may not automatically yield export benefits unless firms possess complementary
digital capabilities that enable them to monitor environmental performance, improve traceability, com-
municate sustainability attributes, and respond more effectively to foreign customers and regulatory re-
quirements. This gap is especially relevant in the Vietnamese context, where firms are undergoing rapid
integration into global markets while facing increasing technological and environmental pressures.

The scientific problem, therefore, concerns the conditional nature of the relationship between green
innovation and export performance. Although green innovation is generally expected to support en-
vironmental compliance, resource efficiency, and market differentiation, it remains unclear whether it
is associated with stronger export performance across different organizational conditions or whether
its export-related value depends on firms’ level of digital transformation. Existing research has not suf-
ficiently established whether digital transformation operates only as an independent determinant of
export performance or also as a complementary capability that changes the strength and potentially the
direction of the relationship between green innovation and export performance.

1. LITERATURE REVIEW

resource-based view (RBV), while institutional

AND HYPOTHESES

The relationship between innovation, digital
transformation, and export performance has been
increasingly discussed within strategic manage-
ment and international business literature. This
stream of research is primarily grounded in the

2

theory provides a complementary contextual ex-
planation of firms’ responses to external market
pressures. The RBV posits that firms achieve sus-
tained competitive advantage when they possess
valuable, rare, inimitable, and non-substitutable
resources (Wernerfelt, 1984; Barney, 1991). In
this context, digital capabilities and green inno-
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vation can be conceptualized as strategic organi-
zational capabilities that enhance firm efficiency,
adaptability, and differentiation (Teece, 2007; Luu,
2023). Meanwhile, institutional theory empha-
sizes that firms must respond to external pres-
sures, such as environmental regulations, interna-
tional standards, and stakeholder expectations, to
maintain legitimacy and access to global markets
(DiMaggio & Powell, 1983; Scott, 2014). Together,
these perspectives suggest that internal organiza-
tional capabilities and external institutional pres-
sures are both relevant to firms’ export perfor-
mance, particularly in the context of digitalization
and sustainability transitions.

Export performance (EP) refers to the extent to
which a firm achieves favorable outcomes from
its activities in international markets. This term is
commonly conceptualized as a multidimensional
construct that includes financial outcomes, such
as export sales growth and export profitability, as
well as strategic outcomes, such as export market
share and the achievement of export-related objec-
tives (Cavusgil & Zou, 1994; Zou et al., 1998). In
this study, export performance is treated as a firm-
level outcome and measured through respondents’
perceived assessments of improvements in export
sales, profitability, market share, and strategic ob-
jectives. This subjective measurement approach
is appropriate because firm-level export perfor-
mance data are often difficult to obtain from pri-
vate enterprises and because knowledgeable re-
spondents’ evaluations are widely used in export
performance research (Zou et al., 1998).

Green innovation (GI) has emerged as a critical
capability enabling firms to reconcile economic
performance with environmental sustainability. It
encompasses the development and application of
environmentally friendly products, processes, or-
ganizational practices, and marketing strategies to
improve resource efficiency and reduce ecological
impacts (Chen etal., 2006; Singh et al., 2024). Prior
studies suggest that green innovation can enhance
firms’ ability to comply with stringent environ-
mental standards in export markets, thereby re-
ducing trade barriers and improving international
competitiveness (Porter & Linde, 1995; Shu et al.,
2024). In addition, green innovation may contrib-
ute to cost efficiency through reduced energy con-
sumption, waste minimization, and improved re-
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source utilization, while simultaneously support-
ing product differentiation and brand positioning
in environmentally conscious markets (Ullah et
al., 2024; Ngo, 2025; Tran et al.,, 2025). From an
RBV perspective, green innovation represents a
strategic capability because it allows firms to cre-
ate value through efficiency improvement and dif-
ferentiation. From an institutional perspective, it
may also strengthen firms’ legitimacy by enabling
them to respond to environmental standards and
stakeholder expectations in international markets.
Empirical evidence from emerging-market and
exporting-firm contexts suggests that green in-
novation is associated with stronger export-relat-
ed and sustainability outcomes (Shu et al., 2024;
Singh et al., 2024; Ullah et al., 2024; Ngo, 2025).

Digital transformation (DT), on the other hand,
refers to the integration of digital technologies
into business processes, organizational structures,
and strategic decision-making to enhance firm
performance and competitiveness (Vial, 2019;
Luu, 2023). Recent studies emphasize that digi-
tal transformation extends beyond technological
adoption, encompassing organizational change,
capability development, and innovation-oriented
culture (Warner & Wiger, 2019; Huang & Lau,
2024). In this study, digital transformation is un-
derstood as the firm-level use of digital technolo-
gies, digital platforms, international e-commerce,
digitally skilled personnel, and data analytics to
support business operations and export-related
decision-making. In the context of export activi-
ties, digital transformation enables firms to access
international markets more efficiently, improve
supply chain coordination, and enhance transpar-
ency and traceability, all of which are increasingly
critical in global trade (Kraus et al., 2022; Zhang
et al., 2024; Bui et al,, 2025). Furthermore, digi-
tal technologies such as artificial intelligence, big
data analytics, and e-commerce platforms facili-
tate market intelligence, demand forecasting, and
customer engagement, thereby supporting export
performance in both scale and scope (Wang &
Ye, 2023; Zhang et al., 2024). From the RBV and
dynamic capabilities perspectives, digital trans-
formation can be viewed as an enabling capabil-
ity that helps firms reconfigure resources, process
market information, and respond more effective-
ly to changes in foreign markets. Accordingly, a
growing body of empirical research provides evi-
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dence of a positive relationship between digital
transformation and firm-level export outcomes,
particularly in dynamic and competitive environ-
ments (Luu, 2023; Wang & Ye, 2023; Zhang et al.,
2024).

Beyond their independent relationships with ex-
port performance, recent studies have begun to
explore the interaction between digital trans-
formation and green innovation. This emerging
perspective suggests that digital transformation
acts as an enabling organizational capability that
enhances the effectiveness of green innovation.
Digital technologies support green product de-
velopment through simulation and data analyt-
ics, optimize production processes by improving
energy efficiency and resource allocation, and
strengthen environmental monitoring and com-
pliance systems (Huang & Lau, 2024; Zhu et al,,
2024). At the same time, digital platforms facili-
tate green marketing and communication, allow-
ing firms to convey sustainability attributes to
international customers more effectively and to
build trust in global markets (Ngo, 2025).

Moreover, digital transformation fosters knowl-
edge ecosystems that accelerate the diffusion of
green innovation practices. By reducing informa-
tion asymmetry and improving access to interna-
tional standards, digital tools enable firms to align
their green strategies with market requirements
more efficiently (Zhu et al., 2024). This logic sug-
gests that green innovation may not automatically
generate stronger export outcomes in the absence
of complementary digital capabilities. For exam-
ple, environmentally friendly products and pro-
cesses may create limited market value if firms are
unable to document compliance, ensure traceabil-
ity, communicate sustainability attributes, or use
data-driven tools to respond to foreign customer

requirements. Where complementary digital capa-
bilities are insufficient, the implementation, coor-
dination, documentation, and communication de-
mands associated with green innovation may not
be offset by corresponding export-related benefits.
As aresult, digital transformation may not only be
directly associated with export performance but
also strengthen the relationship between green
innovation and export performance by increas-
ing the efficiency, scalability, visibility, and market
relevance of green practices. This complementary
relationship implies that the benefits of green in-
novation may vary across firms with different lev-
els of digital capability. In other words, firms with
stronger digital transformation are expected to be
better positioned to convert green innovation into
export-related benefits.

Taken together, prior studies suggest that green
innovation and digital transformation are both
relevant to firms’ export-related outcomes. The
literature further indicates that digital capabili-
ties may enhance the implementation, traceability,
scalability, and market communication of green
innovation, implying that its export-related value
may vary across levels of digital transformation.
However, empirical evidence on this conditional
relationship remains limited, particularly in tran-
sition economies such as Vietnam, where export-
ing firms face simultaneous digital and environ-
mental pressures.

The purpose of this study is to examine the rela-
tionships among green innovation, digital trans-
formation, and export performance and to deter-
mine whether digital transformation moderates
the relationship between green innovation and
export performance in Vietnamese exporting
firms. The proposed research model is presented
in Figure 1.

Digital Transformation

H2(+)

H1(+)

Green Innovation A4

H3(+)

Export
Performance

Figure 1. Proposed research model
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The following hypotheses are proposed:
HI: Green innovation is positively associated
with firms’ export performance.

H2: Digital transformation is positively associ-
ated with firms’ export performance.

H3: Digital transformation moderates the rela-
tionship between green innovation and firms’
export performance, such that the relation-
ship becomes more positive as digital trans-
formation increases.

2. METHOD

This study adopted a quantitative, cross-sectional
research design and used ordinary least squares
regression with an interaction term to examine
the relationships among green innovation, digi-
tal transformation, and firm-level export perfor-
mance. The moderating role of digital transfor-
mation was examined by including an interaction
term in the regression model (Aiken & West, 1991;
Field, 2018; Hair et al., 2019). The regression model
is specified as follows:

EP=a,+aGI, +a,DT, )
+a,(DT.-GI, )+ a,EE +a,SZ +¢,

where EP is export performance of Vietnamese
firms, a, a,, ..., a, are regression coefficients to
be estimated, Gl and DT, are the mean-centered
composite scores of green innovation and digital
transformation, respectively, DT-GI is the inter-
action term between digital transformation and
green innovation, EE, SZ are control variables rep-
resenting export experience and firm size (number
of employees), ¢ is the error term.

Because the model includes an interaction term,
the lower-order coefficients represent condition-
al rather than general relationships. Specifically,
a, represents the estimated relationship between
green innovation and export performance when
digital transformation is at its sample mean,
whereas a, represents the estimated relationship
between digital transformation and export per-
formance when green innovation is at its sample

http://dx.doi.org/10.21511/ppm.24(4).2026.01
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mean. The interaction coefficient a, indicates how
the conditional slope relating green innovation to
export performance changes as digital transfor-
mation varies.

The conditional relationship between green inno-
vation and export performance was derived from
the regression model as follows:

OEP

o= 2
oGI,

=a,+a,+DI,.

The target population comprised firms operating
in Vietnam that were engaged in export activities
during the study period. A non-probability pur-
posive sampling approach based on predefined eli-
gibility criteria was used to recruit eligible firms
and respondents. Firms were eligible if they had
actual export activities, while respondents had to
be directly involved in export operations, produc-
tion, logistics, or strategic decision-making. The
firm was the primary unit of analysis. One respon-
dent from each participating firm provided infor-
mation on the firm’s green innovation practices,
digital transformation, and export performance.
Respondents included managers, executives, and
functional staff working in areas relevant to the
study. The functional staff category referred to
operational or functional employees involved in
export-related activities, production, logistics, or
related organizational processes. Thus, eligibility
was based on respondents’ functional involvement
in the organizational activities examined rather
than on managerial title alone. Only one usable
response was retained from each firm to avoid du-
plicate firm-level observations.

The survey (Appendix A) was conducted between
April and December 2025, primarily through on-
line questionnaire distribution, supplemented
by direct distribution. A total of 315 completed
questionnaires were received. After screening for
firm eligibility, respondent eligibility, duplicate
firm entries, and completeness, 23 questionnaires
were excluded, leaving 292 usable firm-level re-
sponses for analysis. Participation was voluntary.
Responses were collected anonymously and used
exclusively for academic purposes. No personal-
ly identifying information was collected, and re-
spondents provided informed consent before com-
pleting the questionnaire.
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Potential common method bias was mitigated
through procedural remedies and assessed using
Harman’s single-factor diagnostic. Anonymity
and confidentiality were emphasized to reduce
evaluation apprehension and socially desirable
responding (Podsakoff et al., 2003). The question-
naire also presented the focal constructs in sepa-
rate sections. Harman’s single-factor diagnostic
was conducted by entering all 13 focal measure-
ment items into an unrotated principal compo-
nent analysis and examining the proportion of
variance accounted for by the first component.

All focal variables were measured using multi-item
scales adapted from previous studies and contex-
tualized for Vietnamese exporting firms. A five-
point Likert-type scale ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”) was used for all
measurement items (Likert, 1932; Hair et al., 2019).
Green innovation was measured using four indi-
cators: environmentally friendly products, envi-
ronmentally friendly production processes, green
marketing practices, and environmentally orient-
ed management practices. These indicators were
treated as related components of an overall green
innovation construct. Digital transformation was
measured through the application of artificial
intelligence, digital customer-management plat-
forms, international e-commerce, digitally skilled
personnel, and customer data analytics. Export
performance was assessed using perceived chang-
es in export sales, export profitability, export mar-
ket share, and the achievement of export-related
strategic objectives.

Export experience and firm size were included as
control variables and coded using ascending ordi-
nal categories. Their coefficients capture the esti-
mated linear trend in export performance across
successively higher-coded categories, holding the
other variables constant. Because the category in-
tervals were unequal, the coefficients were inter-
preted as ordinal trend estimates rather than as ef-
fects associated with equal increments in years of
export experience or numbers of employees.

Composite scores for green innovation, digital
transformation, and export performance were
calculated by averaging the corresponding mea-
surement items after assessing their internal con-
sistency and the joint three-component measure-

6

ment structure. The resulting scores represent re-
spondents’ perceptions of firm-level practices and
performance rather than independently audited
organizational measures.

The data were analyzed using IBM SPSS Statistics.
Cronbach’s alpha was first calculated to assess the
internal consistency of each multi-item scale. The
measurement structure was assessed by entering
all 13 measurement items into a joint principal
component analysis with Varimax rotation and
Kaiser normalization. The Kaiser-Meyer-Olkin
measure and Bartlett’s test of sphericity were used
to assess the suitability of the item-correlation ma-
trix for component extraction. Components with
eigenvalues greater than 1 were retained, subject
to the theoretical interpretability of the rotated
solution. The rotated component matrix was ex-
amined to determine whether the items formed
the three theoretically specified constructs of digi-
tal transformation, green innovation, and export
performance.

Subsequently, multiple regression analysis was
used to estimate the relationships among green
innovation, digital transformation, and export
performance. Before constructing the interaction
term, green innovation and digital transforma-
tion were mean-centered. Mean-centering facili-
tates interpretation of the lower-order coefficients
and reduces nonessential multicollinearity be-
tween an interaction term and its component vari-
ables (Aiken & West, 1991). The interaction term
(DT xGI ) was calculated by multiplying the mean-
centered green innovation and digital transforma-
tion scores.

The conditional effects of green innovation were
estimated at three selected mean-centered values
of digital transformation (DTc = -1, DTc = 0, and
DTc = +1). These values were within the observed
range of the mean-centered digital transforma-
tion scores, which extended from -1.78 to 1.33.
They represented digital transformation levels one
unit below the sample mean, at the sample mean,
and one unit above the sample mean, respective-
ly. Standard errors, t-statistics, p-values, and 95%
confidence intervals were calculated for each con-
ditional slope, and an interaction plot was con-
structed to illustrate the form of the moderation
relationship. The interaction plot displayed mean-
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centered green innovation values from -1 to +1,
which were also within its observed range of -1.62
to 1.47. The selected values -1 and +1 therefore
represent observed centered scores rather than
one standard deviation below and above the sam-
ple mean.

Tolerance and variance inflation factor (VIF)
values were examined to assess multicollinear-
ity among the explanatory variables. The Durbin-
Watson statistic was used to assess residual au-
tocorrelation. The distribution of the regression
residuals was assessed using a histogram of stan-
dardized residuals superimposed on a normal
curve. Linearity and homoscedasticity were ex-
amined using a scatterplot of standardized residu-
als against standardized predicted values. Given
the cross-sectional research design, the estimated
coefficients are interpreted as conditional statisti-
cal associations rather than causal effects.

Table 1 presents the characteristics of the sur-
veyed Vietnamese firms regarding export experi-
ence, main export markets, annual revenue, and
firm size. Regarding export experience, 27.74% of
the firms had less than 3 years, while 40.07% had
between 3 and 5 years. Firms with five to fewer
than ten years of export experience accounted for
21.92%, whereas 10.27% had at least ten years of
export experience. The most frequently report-

ed main export-market categories were the USA,
Australia, and Canada, accounting for 28.77% of
the sample. This was followed by non-ASEAN
Asian markets (24.66%), Europe (17.47%), ASEAN
markets (16.10%), and other markets (13.01%). The
largest annual revenue category comprised firms
reporting revenue between VND 50 billion and
less than VND 100 billion, representing 33.22% of
the sample. In terms of firm size, 67.47% of firms
had fewer than 100 employees, while 32.54% had
100 or more.

Table 2 presents the characteristics of the survey
respondents. Managers accounted for 32.88% of
respondents, executives for 19.86%, and func-
tional staff for 47.26%. Thus, 52.74% of the ques-
tionnaires were completed by respondents hold-
ing managerial or executive positions. Functional
staff respondents were directly involved in export-
related activities, production, logistics, or related
organizational processes.

Regarding professional experience, 37.33% of re-
spondents reported three to five years of experi-
ence, and another 37.33% reported more than five
years. Overall, 74.66% had at least three years of
professional experience, while 25.34% had less
than three years. Male respondents accounted for
57.53% of the sample and female respondents for
42.47%.

Table 1. Profile of surveyed exporting firms (N = 292)

Characteristic Category Frequency Percentage (%)
3t der 5 years 117
Export Experience 64
26
L A
EUTODE sttt 51
USA, Australia, Canada ... 84
Main Export Markets  Non-ASEAN Asia 72
ASEAN 47
............. 38
............. 40
3tounder50billionVND o 62
Annual Revenue ;50 to under 100billionVND o7
r300billion VND o 28
SZB00DMANYND e 35
a4
77
Firm Size (Number of
employees) 78
100to199 employees e 71
i > 200 employees 24
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Table 2. Profile of survey respondents (N = 292)

Respondent Attribute Category Frequency Percentage (%)
; Manager 96 32.88
Position Execunve 58
139 B
<3 yea‘rs 74
Work Experience 3-5years 109
109 Cwa
Gender Male 168 2
i Female 124 42.47
3. RESULTS

The internal consistency of the measurement scales
was assessed using Cronbach’s alpha (o), as present-
ed in Table 3. All three scales exceeded the com-
monly recommended threshold of 0.70 (Hair et al.,
2019). Green innovation had the highest Cronbach’s
alpha (a = 0.857), followed by digital transforma-
tion (o = 0.839) and export performance (a = 0.818).
These results indicate satisfactory internal consis-
tency for the three multi-item scales.

A joint principal component analysis with
Varimax rotation was conducted on all 13 mea-
surement items. The Kaiser-Meyer-Olkin mea-
sure was 0.778, exceeding the recommended mini-
mum value of 0.60 (Hair et al., 2019). Bartlett’s test
of sphericity was statistically significant, x*(78) =
1,875.653, p < 0.001, indicating that the item-cor-
relation matrix was suitable for component extrac-
tion. Three components were retained and jointly
accounted for 65.862% of the total variance. The
rotated solution corresponded to the three theo-
retically specified constructs. Table 4 shows that

digital transformation items loaded on the first
component, with loadings ranging from 0.774 to
0.875. The green innovation items loaded on the
second component, with loadings ranging from
0.799 to 0.873, while the export performance
items loaded on the third component, with load-
ings ranging from 0.761 to 0.838. The clear cluster-
ing of the items across the three components pro-
vides preliminary support for the proposed three-
component measurement structure.

Harman’s single-factor diagnostic showed that the
first unrotated component accounted for 27.538%
of the total variance, which was below the com-
monly used threshold of 50%. This result indicates
that no single factor dominated the covariance
among the measurement items. Nevertheless, be-
cause the explanatory and outcome variables were
reported by the same respondents at the same
point in time, the possibility of common method
bias cannot be completely ruled out.

The multiple regression results are presented in
Table 5. The overall model was statistically signif-

Table 3. Measurement items, sources, and reliability of constructs

i Cronbach’s
Construct Code Measurement Item Source
: : alpha
; Gl1 i The firm develops enwronmentally friendly products
Green Innovation GI2 The firm applies environmentally friendly production processes (chl;oeg) eEJITLh 0.857
e e Yy Y R R ey - Ulla .
(@) 63 Thefirm adopts green marketing practices etal. (2024)
..................................... .Gl4___ The firm implements environmentally oriented management practices -
~ DT1  :Thefirmapplies artificial intelligence in operations
Digital DT2 The firm uses digital platforms to manage customer relationships
_ e e S R L I Vial (2019);
Transformation ~DT3  :The firm engages |nu|'p‘ternahonal e-commerce activites Luu (2023) 0.839
(DT) D14 :Thefirm employs digitally skilled personpel
....................................... DT5......The firm utilizes customer data analytics for deC'S'O” making S S
_EP1  :The firm’s export sales have |ncreased """""""""""""""
Export P2 e firm’s export proﬁtablhty has improved Zou et alj
R e (1998); Bui et 0.818
Performance (EP) :  EP3  :Th e firm’s export market share hasincreased al. (2025)

EP4

: The firm has achieved its export strategic obJecnves

http://dx.doi.org/10.21511/ppm.24(4).2026.01
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Table 4. Results of joint principal component analysis

Item Digital transformation Green innovation Export performance
DT2 0.875
DTl | . O‘é‘16
s . o
DT5 . o‘é'(‘)o
DT4 . 0,%‘74
s . e
Gl1 . . 0.864
GI3 . . . OA'éHlo
R . . . e |
EP1 . . . . 0838
EP3 . . . . 0831
EP4 . . . . 0797
B OTEL

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) = 0.778;
Bartlett’s test of sphericity: x3(78) = 1,875.653, p < 0.001.

Note: Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization. Rotation con-
verged in five iterations. Loadings below 0.50 were suppressed. DT = Digital transformation; Gl = Green innovation; EP = Export
performance.

Table 5. Regression results for export performance as the dependent variable

Variables | Unstandardized B : Std. Error T p-value © Tolerance VIF
(Constant) : 0.070 : . 0451 0.653 f
0.169"* L3597 <0001 o 0876 . 1141
0.235%#* 4.952 : 0.859 :
0.587%** 13.042 0925
~0.04* ~2.299 0995
—-0.006 -0.165 0.989 1.011

Note: Glc = mean-centered green innovation; DTc = mean-centered digital transformation; EE = export experience; SZ = firm
size. EE and SZ were entered using ascending ordinal category codes. The interaction term DTcxGlc was computed from the
mean-centered scores; *: p < 0.05; **: p < 0.01; ***: p < 0.001.

Histogram Scatterplot
Dependent Variable: EP Dependent Variable: EP
Mean = B.97E-15 b
254 Std. Dev. = 0981
— N=292
=i T o
T E o Lo %
204 E o o o % ° L3
o [
© 17 © o © @ % o o
M S o o ° % o
z £ ® % Q'u ° ) o
g 157 & ° ° ° ? @ o%
3 T 0 o o Og %% %_ % o °
& £ o S , o © %
[ 3 o o ©° @ "o % o
w 1z o % % o © o
c o % o % [
104 IR ° ° o ? % °
@ %y © ° °o o o %%
3 o ° °© o
3 ® o °
= o -2 o
o
34
o T 1 T i T T T T T T
3 2 A 2 3 -3 2 El 0 1 2
Regression Standardized Residual Regression Standardized Predicted Value

(a) (b)

Note: Panel (a) presents the histogram of regression standardized residuals with a superimposed normal curve. Panel (b)
presents regression standardized residuals plotted against regression standardized predicted values. The dependent variable
is export performance (EP), and N = 292.

Figure 2. Residual diagnostic plots for the regression model
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icant (F(5,286) = 46.108, p < 0.001). The model ac-
counted for 44.6% of the observed variance in ex-
port performance (R? = 0.446, adjusted R* = 0.437).

The regression diagnostics did not indicate sub-
stantial violations of the examined assumptions.
The histogram of standardized residuals was ap-
proximately bell-shaped and centered around zero,
with a mean close to zero and a standard deviation
of 0.981. The scatterplot of standardized residu-
als against standardized predicted values showed
that the residuals were distributed on both sides
of zero without a clear curved or funnel-shaped
pattern. These results in Figure 2 indicate no sub-
stantial departure from residual normality, linear-
ity, or homoscedasticity.

Because the regression model includes an interac-
tion term, the lower-order coefficients represent
conditional relationships. When digital transfor-
mation was at its sample mean, green innovation
was positively and statistically significantly as-
sociated with export performance (B = 0.169, p <
0.001). This finding provides conditional support
for H1 at the reference level of digital transforma-
tion. Correspondingly, when green innovation
was at its sample mean, digital transformation was
positively and statistically significantly associated
with export performance (B = 0.235, p < 0.001),
providing conditional support for H2 at the refer-
ence level of green innovation.

The interaction between green innovation and
digital transformation was positive and statistical-
ly significant (B = 0.587, p < 0.001). Because green
innovation and digital transformation were mean-
centered, the interaction coefficient indicates that
a one-unit increase in mean-centered digital
transformation was associated with a 0.587-unit
increase in the conditional slope relating green in-
novation to export performance. This result sup-
ports H3 and indicates that the relationship be-
tween green innovation and export performance

becomes more positive as digital transformation
increases.

Substituting the estimated coefficients from Table
5 into the conditional-slope expression specified
in the Method section yielded:

aE_P:0.169+0.587-Dn.

oGl

G

Accordingly, the estimated slope relating green in-
novation to export performance was 0.169 when
digital transformation was at its sample mean. The
coefficient 0.587 represents the estimated change
in this slope associated with a one-unit increase in
mean-centered digital transformation.

The observed mean-centered scores ranged from
-1.78 to 1.33 for digital transformation and from
-1.62 to 1.47 for green innovation. Thus, the se-
lected moderator values of DT =-1,0, and +1, as
well as the plotted GI_range from -1 to +1, were
contained within the observed data ranges. Table
6 presents the conditional slopes of green inno-
vation at three selected centered values of digital
transformation. At (DT = -1), the conditional ef-
fect was negative and statistically significant (B =
-0.418, SE = 0.051, t = -8.196, p < 0.001, 95% CI
[-0.518, -0.318]). When digital transformation
was at its sample mean (DT = 0), green innovation
had a positive and statistically significant condi-
tional effect on export performance (B = 0.169, SE
=0.047, t = 3.596, p < 0.001, 95% CI [0.076, 0.262]).
At (DT, = 1), the conditional effect became sub-
stantially more positive (B = 0.756, SE = 0.077, t =
9.818, p < 0.001, 95% CI [0.604, 0.908]).

The results indicate a crossover interaction. At
the selected lower value of digital transformation,
green innovation was negatively associated with
export performance. At the sample mean of digi-
tal transformation, the relationship was positive,
while at the selected higher value, it became sub-

Table 6. Conditional slopes of Gl at selected values of DT

Mean-centered DT_ Conditional slope of GI_ SE t p-value 95% ClI
-1 -0.418 0.051 <0.001 [-0.518,-0.318]
0 0.169 0.047 <0.001 [0.076, 0.262]
1 0.756 0.077 9.818 <0.001 [0.604, 0.908]
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stantially stronger. Thus, digital transformation
changes both the magnitude and the direction of
the estimated relationship between green innova-
tion and export performance across the selected
centered values.

Figure 3 illustrates the corresponding interac-
tion pattern. The line representing (DT, = -1)
slopes downward, whereas the lines represent-
ing (DT. = 0) and (DT, = 1) slope upward, with
the steepest positive slope at the selected higher
level of digital transformation. This pattern is
consistent with the positive interaction coeffi-
cient and indicates that the association between
green innovation and export performance be-
comes increasingly positive as digital transfor-
mation deepens.

Regarding the control variables, export experience
(EE) had a negative and statistically significant or-
dinal-trend coeflicient (B = -0.104, p = 0.022). This
result indicates that higher-coded categories of ex-
port experience were associated with lower report-
ed export performance, after the other variables in

Problems and Perspectives in Management, Volume 24, Issue 4, 2026

the model were held constant. Firm size (SZ) was
not statistically significant (B = -0.006, p = 0.869),
indicating no statistically detectable association
between the coded firm-size categories and export
performance in the estimated model.

The tolerance values ranged from 0.859 to 0.995,
while the VIF values ranged from 1.005 to 1.164.
These values do not indicate problematic multicol-
linearity among the explanatory variables (Hair et
al., 2019). The Durbin-Watson statistic was 2.079,
indicating no substantial residual autocorrelation
(Field, 2018). Given the cross-sectional design, the
regression coeflicients are interpreted as condition-
al statistical associations rather than causal effects.

The hypothesis testing results are summarized in
Table 7.

Accordingly, H1 and H2 are conditionally sup-
ported at the respective reference levels of digital
transformation and green innovation, whereas H3
is supported by the positive and statistically sig-
nificant interaction effect.

1.00{ —— DT.=-1
—— DT.=0

—— DT, =+1
0.75 1

0.50 A

0.25

0.00 --------m-mmm

—0.25 4

Relative predicted export performance

—0.50 A

-1.00 -0.75 -0.50 -0.25

0.00 0.25 0.50 0.75 1.00

Mean-centered green innovation (G/.)

Note: The figure presents relative predicted export performance at selected mean-centered values of digital transformation
(DT_=-1, 0, and +1), with the control variables held fixed. The intercept and the fixed contribution of the control variables are
omitted; therefore, zero represents a relative prediction rather than an actual export performance score. The selected DT_and
plotted GI_values fall within their observed ranges of =1.78 to 1.33 and —1.62 to 1.47, respectively. The values —1 and +1 are
selected centered scores and do not represent +1 standard deviation.

Figure 3. Interaction between green innovation and digital transformation in predicting export
performance
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4. DISCUSSION

The findings of this study provide empirical evi-
dence on the conditional relationships among green
innovation, digital transformation, and export per-
formance in an emerging economy context. Rather
than treating green innovation and digital trans-
formation as independent determinants, the study
highlights their complementary relationship, with
digital transformation serving as a moderating fac-
tor. When digital transformation was at its sample
mean, green innovation was positively associated
with export performance. Correspondingly, digital
transformation was positively associated with ex-
port performance when green innovation was at its
sample mean. More importantly, the significant in-
teraction and conditional-slope results show that the
green innovation and export performance relation-
ship varies substantially across levels of digital trans-
formation. Accordingly, this relationship was nega-
tive at the selected lower value of digital transforma-
tion, positive at the sample mean, and substantially
more positive at the selected higher value. Thus, digi-
tal transformation changes both the magnitude and
the direction of the estimated relationship between
green innovation and export performance.

First, the positive conditional relationship between
green innovation and export performance at the
mean level of digital transformation is consistent
with the view that sustainability-oriented capabili-
ties are relevant for firms competing in internation-
al markets. Previous studies indicate that green in-
novation may help firms respond to environmental
regulations, sustainability requirements, and mar-
ket expectations in export markets (Shu et al., 2024;
Ullah et al., 2024). From an RBV perspective, green
innovation may represent a strategic capability by
supporting resource efficiency and product differ-
entiation. From an institutional perspective, it may
also strengthen organizational legitimacy in envi-
ronmentally sensitive markets. In the Vietnamese
context, this relationship is relevant because export-
ing firms are increasingly exposed to environmental
standards, traceability requirements, and sustain-
ability expectations from foreign customers and reg-
ulatory bodies.

However, the simple-slopes results show that the re-

lationship between green innovation and export per-
formance is not uniformly positive. At the selected

12

lower value of digital transformation, green innova-
tion was negatively associated with export perfor-
mance. This crossover pattern suggests that green in-
novation practices may not translate into improved
export-related outcomes when complementary digi-
tal capabilities are insufficient. One plausible inter-
pretation is that adopting environmentally oriented
products, processes, marketing practices, and man-
agement practices may entail implementation and
coordination demands that are difficult to translate
into market value without adequate digital systems
for information processing, traceability, customer
communication, and data-supported decision-mak-
ing. These mechanisms were not directly measured
and should therefore be regarded as theoretically
plausible interpretations rather than empirically test-
ed explanations. The result extends previous research
by showing that the export-related value of green in-
novation depends on the technological and organi-
zational conditions under which it is implemented.

Second, the positive conditional relationship be-
tween digital transformation and export perfor-
mance is consistent with prior research empha-
sizing the relevance of digital capabilities to inter-
national business outcomes (Luu, 2023; Wang &
Ye, 2023; Zhang et al., 2024). Digital technologies
may support export activities through improved
market intelligence, customer relationship man-
agement, international e-commerce participation,
supply-chain coordination, and data-driven deci-
sion-making. From the RBV and dynamic capa-
bility perspectives, digital transformation can be
interpreted as an enabling capability that helps
firms process market information and reconfigure
organizational resources in response to changing
foreign-market requirements. The coefficient for
digital transformation should nevertheless be in-
terpreted at its reference condition, representing
the relationship between digital transformation
and export performance when green innovation
is at its sample mean. In the context of Vietnamese
exporting firms, the result indicates that digital
transformation is associated not only with internal
operational processes but also with firms’ report-
ed export-related outcomes. The potential benefits
of digital transformation are unlikely to arise sole-
ly from the acquisition of individual technologies.
They may depend on firms’ capacity to integrate
digital platforms, data analytics, digitally skilled
personnel, and international e-commerce into
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export operations and strategic decision-making.
This interpretation is consistent with the view that
digital transformation involves the development
of organizational capabilities rather than solely
the adoption of technology.

Third, the moderating role of digital transforma-
tion represents the central contribution of this
study. The crossover interaction provides more
specific evidence than the interaction coefficient
alone, showing that across the selected values of
digital transformation, the estimated relation-
ship between green innovation and export per-
formance changes from negative to positive and
subsequently becomes substantially more positive.
This result is consistent with studies suggesting
that digital technologies may facilitate green inno-
vation through improved information processing,
environmental monitoring, operational optimiza-
tion, and decision-making (Huang & Lau, 2024;
Zhu et al,, 2024). The present study extends this
literature by demonstrating that the complemen-
tarity between green and digital capabilities is al-
so associated with firm-level export performance.
The finding has implications for the RBV because
it indicates that the performance value of a strate-
gic capability may be contingent on the availabil-
ity of complementary capabilities. Green innova-
tion may help firms address environmental re-
quirements and differentiate their offerings, while
digital transformation may enhance the trace-
ability, scalability, visibility, and market commu-
nication of green practices. In this sense, digital
transformation serves as an enabling condition
for firms’ ability to translate green innovation into
export-related outcomes. The result is also consis-
tent with institutional theory, insofar as the align-
ment of internal green and digital capabilities may
help firms respond to environmental standards
and digital requirements in international markets.
However, because institutional pressures were not
measured directly, the findings do not constitute
a direct empirical test of the institutional mecha-
nisms involved.

The negative ordinal-trend coefficient for export
experience indicates that higher-coded export
experience categories were associated with lower
reported export performance after controlling
for other variables. However, it does not establish
that export experience itself reduces export per-
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formance. The experience categories were ordi-
nal and unequally spaced, and the study did not
measure possible explanatory mechanisms such
as organizational inertia, market composition,
or differences in strategic adaptation. Firm size,
meanwhile, showed no statistically detectable lin-
ear trend in the estimated model. These control-
variable findings are therefore treated as ancillary
rather than as primary substantive conclusions.

From a managerial perspective, the findings indi-
cate that Vietnamese exporting firms may bene-
fit from coordinating their green innovation and
digital transformation initiatives. The crossover
interaction suggests that implementing green in-
novation without sufficient digital capability may
not be associated with improved export perfor-
mance. Firms may therefore need to develop digi-
tal foundations alongside green initiatives, includ-
ing data-management systems, digital customer
interfaces, traceability tools, international e-com-
merce capabilities, and digitally skilled personnel.
Such alignment may improve firms’ capacity to
document environmental performance, commu-
nicate sustainability attributes, coordinate export
processes, and respond to foreign-market require-
ments. These implications concern strategic align-
ment rather than a causal guarantee that particu-
lar investments will improve performance.

From a policy perspective, the results support co-
ordinated policy instruments that facilitate the
joint development of green and digital capabili-
ties among exporting firms, particularly those
with limited technological and organizational re-
sources. Programs addressing green innovation
or digital transformation in isolation may be less
effective when firms lack the complementary ca-
pabilities required to integrate the two. Relevant
support may include access to digital infrastruc-
ture, technology-transfer initiatives, training in
digital and sustainability-related skills, assistance
with traceability and environmental information
systems, and institutional support for digital trade
and green export practices. Because the study did
not identify a statistically significant firm-size ef-
fect and used a non-probability sample, these
policy implications apply to capability constraints
among exporters rather than constituting direct
evidence of effects specific to SMEs or the entire
population of Vietnamese exporting firms.
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CONCLUSION

This study examined the relationships among green innovation, digital transformation, and export per-
formance in Vietnamese exporting firms, with particular attention to the moderating role of digital
transformation. The findings show that green innovation was positively associated with export perfor-
mance when digital transformation was at its sample mean, while digital transformation was positively
associated with export performance when green innovation was at its sample mean. More importantly,
digital transformation significantly moderated the relationship between green innovation and export
performance. The conditional-slope analysis revealed a crossover interaction: the relationship was nega-
tive at the selected lower level of digital transformation, positive at the sample mean, and substantially
more positive at the selected higher level. The model explained 44.6% of the observed variance in export
performance.

These findings indicate that green innovation should not be viewed only as a response to environ-
mental requirements, but as a strategic capability whose export-related value depends on comple-
mentary digital capabilities. The novelty of the study lies in demonstrating this crossover moderat-
ing role of digital transformation, showing that green innovation is not uniformly associated with
stronger export performance across different levels of digital transformation. For managers, the
results suggest that green innovation and digital transformation should be developed in a coor-
dinated manner, with digital systems, data capabilities, traceability tools, and digitally supported
sustainability practices helping firms implement, document, and communicate their green initia-
tives more effectively. For policymakers, the findings support integrated programs that facilitate
the joint development of green and digital capabilities among exporting firms rather than treating
these areas as separate policy domains, particularly for firms facing technological, financial, or
human-capital constraints.

Future research should examine these relationships using longitudinal or multi-source designs, validate
the measurement structure with confirmatory approaches, and investigate the organizational and insti-
tutional mechanisms through which digital transformation may strengthen the export-related value of
green innovation across different countries and groups of exporting firms.
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APPENDIX A. Survey questionnaire

This survey is conducted for academic research purposes to examine the relationships among digital
transformation, green innovation, and export performance of Vietnamese firms.

Participation in this survey is entirely voluntary, and all responses are collected anonymously. You may
choose not to answer any question or withdraw from the survey at any time without any consequences.
All information provided will be kept strictly confidential and used solely for research purposes. There

are no right or wrong answers. Please respond based on your firm’s actual practices and experience.

Thank you very much for your valuable time and support.

Section A. Firm and respondent information

Al. Gender

ioMale

Manager
Executive
Functional Staff

Less than 3 years
i 0 3-5years
0O More than 5 years

A4. Export experience of your firm

O Less than 3 years
o 3 to under 5 years

0 5 to under 10 years
0 10 to under 20 years
0 20 years and above

AS5. Main export market of your firm

O Europe

0 Non-ASEAN Asia
0 ASEAN

0 USA, Australia, Canada

A6. Annual revenue of your firm

o Less than VND 3 billion

0 VND 3 to under 50 billion

0 VND 50 to under 100 billion
0 VND 100 to under 500 billion
0 VND 500 billion and above

A7. Firm size (number of employees)

o Fewer than 10 employees
:0 10 to 49 employees
i 050 to 99 employees
100 to 199 employees
i 0 200 employees and above

Section B. Assessment of key factors influencing export performance of Vietnamese firms
Please rate each of the following statements, based on your firm’s practices and experience in export activities.
Responses are measured on a five-point Likert scale (1-5, from strongly disagree to strongly agree).

No.

Statements

‘Code 1 !

2

3

4

1. Green Innovation (Gl)

11 §Thp.ﬁrm develops environmentally friendly products

Gl1

1.2 iThe firm applies environmentally friendly production processes

e firm implements environmentally oriented management practices

2. Digital Transformation (DT)

2.5 i The firm utilizes customer data analytics for decision-making

3. Export Performance (EP)
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