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Abstract
Context: Digital transformation has increasingly influenced pharmaceutical value chains, but evidence from emerging economies remains limited.

Aims: To assess digital transformation maturity among surveyed pharmaceutical enterprises in Vietnam and to compare maturity according to firm size and
operational age.

Methods: A cross-sectional survey was conducted from January to June 2025 among managers and executives from 150 enterprises. A 64-item, five-point Likert
questionnaire was used to assess seven maturity dimensions. Responses from 518 participants were aggregated at the enterprise level after intraclass
correlation coefficients were evaluated. Descriptive statistics, exploratory factor analysis, reliability testing, one-way analysis of variance, Tukey post hoc tests,
and thematic analysis of open-ended responses were performed.

Results: The firm-level maturity score was 3.87 + 0.60. Dimension means ranged from 3.85 to 3.89. Maturity differed significantly by firm size, with small and

large enterprises scoring higher than medium-sized enterprises. Older enterprises reported slightly higher maturity than newer enterprises. The main barriers
were limited information-technology infrastructure and insufficient workforce digital skills.

Conclusions: Perceived digital-transformation maturity was relatively high among the surveyed enterprises. Medium-sized enterprises may require targeted
financial, technical, and training support. Findings should be interpreted cautiously because of convenience sampling, self-reported measurement, and
common method variance.

Keywords: cross-sectional studies; digitalization; pharmaceutical management; technology adoption; Vietnam.

Resumen

Contexto: La transformacion digital ha influido cada vez méas en las cadenas de valor farmacéuticas, pero la evidencia en las economias emergentes sigue siendo
limitada.

Objetivos: Evaluar la madurez de la transformacidn digital entre las empresas farmacéuticas encuestadas en Vietnam y para comparar dicha madurez segtn el
tamafoy la antigliedad operativa de la empresa.

Métodos: Se realizd un estudio transversal de enero a junio de 2025 entre gerentes y ejecutivos de 150 empresas. Se utilizé un cuestionario de 64 items con una
escala Likert de cinco puntos para evaluar siete dimensiones de madurez. Las respuestas de 518 participantes se agregaron a nivel de empresa después de
evaluar los coeficientes de correlacidn intraclase. Se realizaron estadisticas descriptivas, analisis factorial exploratorio, pruebas de confiabilidad, analisis de
varianza unidireccional, pruebas post hoc de Tukey y analisis temdtico de respuestas abiertasus.

Resultados: La puntuacion de madurez a nivel de empresa fue de 3,87 + 0,60. Las medias de las dimensiones oscilaron entre 3,85 y 3,89. La madurez difirié
significativamente segln el tamafio de la empresa, obteniendo las pequefias y grandes empresas puntuaciones mas altas que las empresas medianas. Las
empresas mas antiguas reportaron una madurez ligeramente mayor que las mas nuevas. Las principales barreras fueron la infraestructura tecnoldgica limitada
y las habilidades digitales insuficientes de la fuerza laboral.

Conclusiones: La madurez percibida de la transformacién digital fue relativamente alta entre las empresas encuestadas. Las empresas medianas pueden
requerir apoyo financiero, técnico y de capacitaciéon especifico. Los hallazgos deben interpretarse con cautela debido al muestreo por conveniencia, la
medicién autoinformada y la varianza del método comun.

Palabras Clave: adopcién tecnoldgica; digitalizacidn; estudios transversales; gestién farmacéutica; Vietnam.
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Abbreviations: Al: Artificial intelligence; ANOVA: Analysis of variance; BCa: Bias-corrected and accelerated; CFA: Con-
firmatory factor analysis; CI: Confidence interval; CRM: Customer relationship management; DT: Digital transformation;
EFA: Exploratory factor analysis; ERP: Enterprise resource planning; GDP: Gross domestic product; HSD: Honestly sig-
nificant difference; ICC: Intraclass correlation coefficient; IoT: Internet of Things; IT: Information technology; KMO: Kai-
ser - Meyer - Olkin; RPA: Robotic process automation; SD: Standard deviation; SCM: Supply chain management; SMEs:
Small and medium-sized enterprises; VND: Vietnamese dong.

INTRODUCTION

The pharmaceutical industry has increasingly
adopted digital technologies associated with Pharma
4.0. The integration of artificial intelligence, block-
chain, the Internet of Things, and big data analytics
into daily operations has changed how some pharma-
ceutical companies approach innovation and opera-
tional efficiency (Haleem et al., 2022, Miozza et al,,
2024).

Internationally, digitalization has been applied to
several critical areas of the pharmaceutical value chain.
For instance, Al is increasingly utilized to accelerate
drug discovery and optimize clinical trials (Zhang et
al., 2024). Concurrently, blockchain technology and ad-
vanced traceability systems enhance supply chain
transparency, thereby ensuring product integrity and
mitigating the risk of counterfeits (Bapatla, 2023;
Shetty et al., 2022). Furthermore, the information shar-
ing facilitated by these digital tools serves as a founda-
tional element in building sustainable supply net-
works (Baycik & Gowda, 2024; Chong et al., 2024;
Vadaga et al.,, 2025). Despite these global advance-
ments, technological adoption in developing countries
remains highly fragmented due to persistent infra-
structural and regulatory barriers.

In Vietnam, the pharmaceutical sector remains inte-
gral to both the national economy and the healthcare
system. As the nation faces a growing chronic disease
burden and an ageing population, digital economic de-
velopment has emerged as a practical necessity (Chong
et al., 2024; Dang et al., 2021). Currently, Vietnam re-
lies heavily on imported active pharmaceutical ingre-
dients. This reliance exposes distribution vulnerabili-
ties that digital transformation could help mitigate
through predictive analytics and enhanced domestic
R&D optimization (Khanh et al.,, 2025, Vo & Tran,
2025).

The disruptions caused by the COVID-19 pandemic
further exposed the limitations of traditional opera-
tional models, prompting the Vietnamese government
to accelerate the deployment of a digital health ecosys-
tem (Tran et al., 2022). However, compared to regional
peers, local pharmaceutical companies continue to face
substantial hurdles in upgrading their digital infra-
structure and navigating cross-border regulatory
frameworks (Chong et al., 2024).
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From an organizational perspective, digitalization
enhances operational agility. Automated systems and
Al-enabled decision-support tools reduce develop-
ment cycles and facilitate decentralized clinical models
(Park et al., 2024; Tetteh-Caesar et al., 2024). Economi-
cally, these platforms may contribute to lower logistics
costs and higher revenues, although successful inte-
gration frequently encounters structural roadblocks
(Wamba et al., 2022; Yadav, 2024). While the interna-
tional literature offers extensive frameworks for as-
sessing digital maturity (Miozza et al., 2024) rigorous
quantitative evidence from Vietnam remains scarce.
Most existing local studies overlook the complex inter-
sections between organizational culture, technological
readiness, and economic performance (Khanh et al.,
2025; Ma et al., 2022; Wong et al., 2023).

This study aimed to quantify digital transformation
maturity among surveyed Vietnamese pharmaceutical
enterprises across seven core dimensions and to com-
pare differences by firm size in order to identify bind-
ing constraints and propose actionable solutions to
narrow the digital gap.

MATERIAL AND METHODS

This study was conducted among pharmaceutical
enterprises operating in Vietnam, covering activities
including drug manufacturing, distribution, storage,
clinical trials, and bioequivalence studies. Data collec-
tion took place between January and June 2025
through both online (Google Forms) and paper-based
survey modalities, targeting managerial and executive
personnel who could provide an informed organiza-
tional perspective on DT adoption. Operationalization
of all variables is provided in Supplementary Table S1.

Study design

A cross-sectional descriptive study using a mixed-
methods approach (quantitative instrument with com-
plementary open-ended qualitative items) was em-
ployed. This design was considered appropriate for as-
sessing the current state of DT maturity at a single
point in time and for identifying associations between
organizational characteristics and digital readiness
outcomes.
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Study population and sample size

The study population comprised managers and ex-
ecutives working in pharmaceutical enterprises legally
operating in Vietnam, including companies engaged in
pharmaceutical manufacturing and business activities.
A sampling frame was constructed from publicly avail-
able lists of licensed pharmaceutical enterprises main-
tained by the Drug Administration of Vietnam. A con-
venience sampling approach was adopted because a
comprehensive national sampling frame containing
complete contact information for all eligible enter-
prises was not available.

The minimum required sample size was estimated
using the formula for a single proportion:

n=74.a/;x[px(1-p)l/d?

where n is the required sample size; Z is the stand-
ard normal deviate at the 95% confidence level
(Z =1.96; a = 0.05); p = 0.50 (assumed proportion, se-
lected to maximize variance); and d = 0.05 (acceptable
margin of error). The calculated minimum sample size
was 385 respondents. After allowing for a 10% non-re-
sponse rate, the target sample size was increased to 424
respondents.

Eligible enterprises were invited to participate
through email communication, professional networks,
and direct contact where feasible. Recruitment was
conducted across the three major regions of Vietham
(Northern, Central, and Southern Vietnam) to obtain
representation from enterprises operating in different
geographical settings. Invitation materials described
the study objectives, eligibility criteria, confidentiality
safeguards, and the voluntary nature of participation.
Enterprises agreeing to participate received a link to an
online questionnaire administered via Google Forms
and, where requested, a paper-based version of the
survey.

At the enterprise level, purposive respondent selec-
tion was employed. To reduce single-informant bias,
responses were sought from more than one managerial
representative. Each participating enterprise was in-
vited to nominate approximately three to four re-
spondents who were considered knowledgeable about
organizational operations, business performance, and
digital transformation activities. Priority was given to
individuals occupying positions with substantial in-
volvement in strategic decision-making and business
management, including chairpersons of boards of di-
rectors, chief executive officers (CEOs), directors, dep-
uty directors, and middle managers responsible for
functions such as marketing, customer relationship
management, business development, sales, and other
activities related to organizational performance.
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Recruitment continued until the target sample size
was achieved. The enterprise-level participation rate
was approximately 80%, with an estimated non-partic-
ipation rate of around 20%. Commonly reported rea-
sons for non-participation included time constraints,
internal approval procedures, and limited interest in
the survey topic. Ultimately, 150 pharmaceutical enter-
prises agreed to participate in the study.

Eligible respondents were required to be employed
by a participating pharmaceutical enterprise, hold a
senior management or middle management position
relevant to organizational operations and perfor-
mance, provide informed consent, and complete the
questionnaire. Responses were excluded if they were
incomplete, duplicated, internally inconsistent, or
originated from organizations operating outside Vi-
etnam.

A total of 518 valid respondent-level questionnaires
representing 150 pharmaceutical enterprises were re-
tained for analysis, exceeding the minimum required
sample size. To account for the nested data structure,
individual responses were aggregated to the firm level
(n = 150) following empirical validation using intra-
class correlation coefficients (ICC). Enterprise-level
characteristics were used for subgroup comparisons,
and the potential influence of within-enterprise corre-
lation was considered when interpreting the findings.
The final aggregated sample of 150 enterprises was
considered adequate for exploratory firm-level com-
parisons, particularly for detecting medium-to-large
effects.

Survey tool

The survey instrument comprised three parts. Part
A collected general respondent and firm characteris-
tics: respondent position, firm size (number of employ-
ees), year of establishment, legal form, primary activ-
ity, and annual revenue. Part B assessed DT maturity
using a purpose-built 64-item scale spanning seven di-
mensions: (1) Customer Experience (13 items), (2)
Product Innovation (5 items), (3) IT Infrastructure (16
items), (4) Internal Operations (8 items), (5) Digital
Workforce Capability (5 items), (6) Digital Organisa-
tional Culture (7 items), and (7) Data and Information
Governance (10 items). All items used a five-point Lik-
ert response format (1 = Strongly disagree; 5 = Strongly
agree). Overall maturity scores were classified as Low
(1.00-2.33), Moderate (2.34-3.67), or High (3.68-5.00).
Part C included binary items and open-ended ques-
tions on awareness, barriers to DT adoption, and or-
ganizational support needs.

Items were developed based on a review of existing
digital transformation maturity frameworks refer-
enced in the international literature (Miozza et al.,
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2024; Wong et al., 2023) and were contextualised for the
Vietnamese pharmaceutical setting in consultation
with domain experts. The Vietnamese-language in-
strument was developed through forward translation
and review by two bilingual researchers, with discrep-
ancies resolved through discussion. The questionnaire
was forward-translated into Vietnamese, reviewed by
two domain experts for content validity, and pilot-
tested on 30 participants. Operationalisation of all var-
iables is provided in Supplementary Table S1.

Data analysis

Quantitative data were analysed using descriptive
statistics, including means, standard deviations, fre-
quencies, and percentages. Digital transformation (DT)
maturity scores were calculated at both the overall and
dimension levels based on the retained survey items.
Differences in DT maturity according to enterprise size
and enterprise age were examined using one-way anal-
ysis of variance (ANOVA), followed by Tukey's hon-
estly significant difference (HSD) post-hoc tests where
appropriate.

Exploratory factor analysis (EFA) was conducted at
the respondent level (n = 518) to validate the underly-
ing factor structure of the instrument before aggregat-
ing the data for firm-level hypothesis testing. Sampling
adequacy was evaluated using the Kaiser-Meyer-Olkin
(KMO) measure and Bartlett's test of sphericity. Princi-
pal axis factoring with Promax rotation was applied.
Items demonstrating low factor loadings (< 0.40) (Hair
etal., 2019), weak item-total correlations, or substantial
cross-loadings were considered for removal. The com-
plete rotated factor-loading matrix is provided in Sup-
plementary Table S2. The retained items were subse-
quently organised into seven dimensions representing
key domains of DT maturity. Internal consistency was
assessed using Cronbach's a coefficients and corrected
item-total correlations.

Responses to open-ended questions were analysed
using thematic content analysis in NVivo. Coding was
conducted iteratively until theme saturation was
reached to identify recurring themes relating to barri-
ers to digital transformation and organizational sup-
port needs. To account for the nested data structure,
individual responses were aggregated to the firm level
(n = 150) following empirical validation using intra-
class correlation coefficients (ICC). Thematic analysis
of open-ended responses was conducted inde-
pendently by two coders. No formal inter-coder agree-
ment statistic, such as Cohen's kappa, was calculated;
instead, any discrepancies were resolved through dis-
cussion and consensus.
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Ethical considerations

Ethical approval for this study was obtained from
the Scientific and Research Ethics Committee of Duy
Tan University (Approval No. DTU-IRB-2024-112,
dated 15 November 2024). Written informed consent
was obtained from all participants prior to survey com-
pletion. Participation was voluntary, data were anony-
mised and stored confidentially, no incentives were of-
fered, and no conflicts of interest were declared.

RESULTS

Sample characteristics

The characteristics of the 518 respondents and the
150 participating pharmaceutical enterprises are sum-
marized in Table 1. Medium-sized firms (50-199 em-
ployees) represented the largest portion of the sample
at 48.67%, while small and large firms accounted for
32.67% and 18.66%, respectively. Most participating
enterprises (84.67%) had been established for ten years
or more, indicating a sample with high organizational
stability. Regarding legal structure, 80.00% of the enti-
ties were joint-stock companies. Annual revenue for
more than half of the firms (56.00%) fell within the
VND 10-50 billion range, with 33.33% reporting reve-
nues exceeding VND 50 billion. The survey captured
perspectives across various managerial levels: Owners
and Board members comprised 31.47% of the respond-
ents, while Middle Managers and Senior Executives
represented 32.05% and 20.27 %, respectively.

Reliability, internal consistency and preliminary
construct validity of the digital transformation scale

The digital transformation maturity scale com-
prised 64 items across seven dimensions, as detailed in
the Supplementary Table S1. Exploratory factor analy-
sis was performed using principal axis factoring with
Promax rotation on the full dataset (n = 518). Sampling
adequacy was confirmed (KMO = 0.985; Bartlett's test
of sphericity, x2 = 30,9974, df = 2016, p < 0.001). A
seven-factor solution, consistent with the theoretical
framework, accounted for 69.46% of the total variance.
All 64 items achieved satisfactory factor loadings well
above the acceptable threshold of 0.40 within their re-
spective dimensions (overall range: 0.432-0.807), with
no items requiring removal during refinement. Within-
dimension factor loading ranges were: Customer Ex-
perience (0.525-0.807), Product Innovation (0.457-
0.532), IT Infrastructure (0.461-0.599), Internal Opera-
tions (0.519-0.635), Digital Workforce Capability
(0.432-0.594), Digital Organisational Culture (0.435-
0.535), and Data and Information Governance (0.467-
0.598) (Table 2).
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Table 1. Characteristics of respondents and participating pharmaceutical enterprises (n = 518 respondents; 150 enterprises).

Characteristic Category

Frequency (n) Percentage (%)

a. Respondent characteristics (n =518)

Respondent position Owner/Board member 163 31.47
Senior executive 105 20.27
Middle manager 166 32.05
Other 84 16.22

b. Enterprise characteristics (n =150)

Firm size Small (<50 employees) 49 32.67
Medium (50-199 employees) 73 48.67
Large (=200 employees) 28 18.66

Year established <10years 23 15.33
=10 years 127 84.67

Legal form Joint-stock company 120 80.00
Others (private, limited liability, etc.) 30 20.00

Annual revenue <VND 10 billion 16 10.67
VND 10-50 billion 84 56.00
>VND 50 billion 50 33.33

Notes: Values are presented as frequency and percentage. Respondent characteristics are based on n = 518 respondents, whereas enterprise characteristics are based

on n =150 enterprises.

Table 2. Cronbach’s alpha, mean item-total correlation, and exploratory factor analysis (EFA) results.

DT dimension No. of items Cronbach's alpha Item-total correlation (m = SD) Factor loading range
Customer Experience 13 0.959 0.784+0.048 0.525-0.807
Product Innovation 5 0.905 0.762+0.016 0.457-0.532
IT Infrastructure 16 0.962 0.765+0.017 0.461-0.599
Internal Operations 8 0.933 0.767+0.021 0.519-0.635
Digital Workforce Capability 5 0.876 0.706 +0.045 0.432-0.594
Digital Org. Culture 7 0.923 0.758 +£0.033 0.435-0.535
Data & Info. Governance 10 0.942 0.761+0.037 0.467 - 0.598

Note: Overall scale (64 items): Cronbach's alpha = 0.988; KMO = 0.985; Bartlett's test p<0.001; Total variance explained = 69.46%.

Digital transformation (DT) maturity

Digital transformation maturity scores across the
seven dimensions, stratified by firm size, are presented
in Table 3. The overall digital transformation maturity
score was 3.87 (SD = 0.60), which falls within the
"High" range (= 3.68) of the classification adopted for
this study. The seven dimensions scored within a nar-
row band (M = 3.85 - 3.89), indicating limited variation
across dimensions.

As detailed in Table 3, maturity scores varied across
all seven dimensions based on enterprise size. For
large enterprises, mean scores were consistently high,
averaging around 4.17 across domains. Small enter-
prises reported similarly strong scores within a range
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of 4.06 to 4.21, with the highest means observed for
Customer Experience and Data Governance (4.21). In
contrast, scores in the medium-sized enterprise group
were notably lower, clustered narrowly between 3.61
and 3.68. As shown in the statistical validation tables,
one-way ANOVA using the aggregated firm-level da-
taset identified statistically significant differences
among enterprise-size groups for all DT dimensions
(all p < 0.001). Overall DT maturity differed signifi-
cantly according to enterprise size (F(2, 147) = 22.81,
p < 0.001, #? = 0.143), representing a large effect size.
Large enterprises reported the highest overall DT score
(4.17 £ 0.58), closely followed by small enterprises
(4.13 £0.59), while medium-sized enterprises exhibited
the lowest level of maturity (3.64 + 0.55).
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Table 3. Analysis of firms' digital maturity (Aggregated Firm-Level).

Vietnamese digital transformation maturity

DT dimension small Medium Large Overall F-value p-value
(n=49) (n=73) (n=28)
Customer Experience 4.21+0.70 3.61+0.65 4.17+0.62 3.89+0.71 23.50 <0.001
Product Innovation 4.07 £0.69 3.68+0.68 4.16£0.63 3.87+0.69 10.88 <0.001
IT Infrastructure 4.06 £0.65 3.65+0.68 4.15+0.61 3.88+0.69 16.23 <0.001
Internal Operations 4.10+£0.61 3.65+0.57 4.14+0.62 3.85+0.63 16.52 <0.001
Digital Workforce 4.07£0.65 3.62+0.55 4.18 +0.65 3.85+0.63 21.92 <0.001
Digital Culture 4.16+0.63 3.67+0.59 4.19+0.56 3.89+0.64 18.62 <0.001
Data Governance 4.21+0.61 3.65+0.58 4.18 +0.64 3.88+0.65 24.42 <0.001
Overall average 4.13+0.59 3.64+0.55 4.17+0.62 3.87+0.60 22.81 <0.001

Notes: Mean + SD presented for each cell. F-statistics from one-way ANOVA, df = (2, 147).

Table 4. Validation results (A) and Intraclass correlation coefficients (ICC) for digital transformation dimensions (B).

A. Validation results

Test Result

Interpretation

ANOVA (overall DT score by
firm size)

F(2,147) =22.81; p<0.001; n?=0.143

Tukey HSD (firm size) Large > Medium (p <.001,d =0.71);
Small > Medium (p <.001, d = 0.86);

Large ~ Small (p =.549,d = 0.18)

Firm age (=10 vs. <10 years) F(1, 148) =5.32; p=0.022; n?=0.010

Respondent position F(3,514)=43.77; p < 0.001; n?=0.203

Significant differences among n?firm-size groups; large effect size.

Medium-sized firms score lowest; no significant difference
between Small and Large.

Older firms (3.98) score higher than newer firms (3.80); small effect
size.

Significant differences across managerial tiers; large effect size.
Owner/Board members reported markedly lower scores (3.52)
than other tiers (4.1-4.2).

B. Intraclass correlation coefficients (ICC) for digital transformation dimensions

DT dimension No. of items 1CC(1) 1CC(2)
Customer Experience 0.561 0.704
Product Innovation 0.471 0.624
IT Infrastructure 0.363 0.516
Internal Operations 0.340 0.489
Digital Workforce Capability 0.323 0.470
Digital Org. Culture 0.336 0.485
Data & Info Governance 0.357 0.508

Notes: n? = eta-squared (small =0.01, medium =0.06, large =0.14, Cohen's conventions). Cohen's d reported for pairwise Tukey comparisons.

Post-hoc Tukey HSD comparisons confirmed that
both large and small enterprises significantly outper-
formed medium-sized enterprises (both p <0.001). The
magnitude of these differences was substantial (Co-
hen’s d = 0.71 for large and medium, and d = 0.86 for
small and medium). In contrast, no statistically signifi-
cant difference was detected between large and small
enterprises (p = 0.549, d = 0.18).
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Additional validation analyses at the firm level re-
vealed that enterprises operating for at least ten years
reported higher DT maturity than younger firms
(F(1, 148) = 5.32, p = 0.022, 2 = 0.010), although the ef-
fect size was small (Table 4A). Furthermore, when an-
alyzed at the individual level to assess within-firm var-
iations, respondent position was significantly associ-
ated with DT assessments (F(3, 514) = 43.77, p < 0.001,
n? = 0.203). Notably, owner/board-level respondents

J Pharm Pharmacogn Res (2026) 14(4): 6


https://jppres.com/

Van et al.

reported significantly lower DT scores (3.52) than re-
spondents from other managerial tiers (approximately
4.1-4.2).

Aggregation justification and firm-level DT
maturity

Prior to hypothesis testing, statistical justification
for aggregating individual-level data to the enterprise
level was established.

The ICC(1) values ranged from 0.323 to 0.561, sig-
nificantly exceeding the conventional 0.05 threshold
and confirming a robust group effect among employ-
ees within the same firm Table 4B). The ICC(2) values
indicated moderate reliability of aggregated enterprise
means, supporting firm-level analysis while warrant-
ing cautious interpretation for some dimensions.

Awareness and barriers to digital transformation
among surveyed enterprises

Based on respondent-level perceptions (n = 518),
ninety-five percent of respondents considered digital
transformation essential (Table 5). The two most prom-
inent barriers reported by these individuals were IT in-
frastructure (60.0%) and workforce digital skills
(45.0%), followed by policy/compliance constraints
(30.0%).

DISCUSSION

This study assessed perceived digital transfor-
mation maturity based on survey data from 518 man-
agers and executives, which was subsequently aggre-
gated to represent 150 Vietnamese pharmaceutical en-
terprises. The high proportion of SMEs in the sample,
accounting for 81.08% of the firms, is consistent with
the structural profile of Vietham’s pharmaceutical sec-
tor (Vo & Tran, 2025). Furthermore, the high propor-
tion of joint-stock companies that have been opera-
tional for a decade or more suggests a stable organiza-
tional foundation, which may facilitate the capital mo-
bilization necessary for long-term digital infrastruc-
ture investments. Following the refinement of the
measurement model and the aggregation of data, the

Vietnamese digital transformation maturity

dimension-level scores demonstrated a relatively uni-
form perception of digital readiness across multiple
operational domains. While this pattern differs from
findings in previous international studies where cer-
tain dimensions such as customer-facing capabilities
typically outperform others (Haleem et al., 2022; Teece,
2018), the results indicate a broadly balanced approach
to technological adoption within the surveyed Viet-
namese firms.

When examining the aggregated firm-level data by
enterprise size, a distinct "middle-tier gap" emerged
(F(2,147) =22.81, p < 0.001, 112 = 0.143). The large effect
size indicates that enterprise size is not only statisti-
cally significant but also a practically important deter-
minant of digital transformation maturity. Both large
and small enterprises reported significantly higher
digital maturity than medium-sized firms. Post-hoc
Tukey HSD comparisons confirmed substantial effect
sizes for these differences, with large firms outper-
forming medium ones (p < 0.001, d = 0.71) and small
firms similarly exceeding their medium-sized counter-
parts (p < 0.001, d = 0.86). Interestingly, no significant
difference was observed between small and large en-
terprises (p = 0.549, d = 0.18). This finding may suggest
a U-shaped pattern of digital maturity across enter-
prise size categories. One possible explanation is that
medium-sized firms may experience transitional or-
ganizational constraints: they have outgrown the agil-
ity and lean structures of small firms but often lack the
financial resources, technological infrastructure, and
specialized expertise available to large corporations.
At the same time, the relatively high maturity of small
firms may reflect their organizational flexibility,
shorter decision-making processes, and stronger in-
centives to adopt digital technologies to remain com-
petitive. In the context of Vietnam’s pharmaceutical in-
dustry, increasing requirements for regulatory compli-
ance, quality assurance, and supply chain traceability
may further amplify these differences. This observa-
tion aligns with recent literature indicating that ex-
panding SMEs must undergo complex capability re-
configurations to sustain digitalization-driven growth
(Vo & Tran, 2025; Wamba et al., 2022).

Table 5. Summary of Part C - Awareness and barriers based on respondent-level perceptions.

Awareness Barriers

Item Response n Percentage (%) Barrier n Percentage (%)
DT is essential Agree 492 95.0 Digital/IT infrastructure 311 60.0

DT is essential Disagree/Undecided 26 5.0 Workforce/digital skills 233 45.0

- - - - Policy/compliance 155 30.0

Results are reported as frequency (n) and percentage (%) (n = 518 respondents).
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Organizational age also provided relevant context,
although its overall impact was minimal (F(1, 148) =
5.32, p =0.022). Firms operating for ten years or longer
reported slightly higher digital maturity (3.98) com-
pared to newer firms (3.80). However, the very small
effect size (12 = 0.010) indicates that organizational lon-
gevity alone is not a primary determinant of digital
transformation success. While established enterprise
systems (e.g., legacy ERP platforms) may facilitate sub-
sequent digital integration (Miozza et al., 2024), strate-
gic intent, leadership, and resource allocation remain
far more critical. However, these advantages may be
offset by technological inertia associated with legacy
infrastructures, which can slow the adoption of emerg-
ing digital technologies (Vial, 2019). Conversely,
younger firms often possess greater organizational
agility and can adopt cloud-based platforms and digi-
tal-first business models without the constraints of out-
dated systems (Verhoef et al., 2021). This finding is par-
ticularly relevant to Vietnam's pharmaceutical indus-
try. In recent years, national regulatory initiatives pro-
moting electronic quality management, product trace-
ability, and digital compliance have encouraged phar-
maceutical enterprises of all ages to accelerate digitali-
zation. As a result, newer firms are increasingly able to
implement integrated digital solutions from their in-
ception, whereas long-established firms often face the
additional challenge of upgrading or integrating leg-
acy systems while maintaining ongoing operations.
Consequently, differences in digital transformation
maturity are likely driven more by strategic leadership,
digital capabilities, and investment commitment than
by organizational age itself. This interpretation is con-
sistent with the dynamic capabilities perspective,
which emphasizes that firms' ability to continuously
sense technological opportunities, reconfigure organi-
zational resources, and adapt to environmental change
is more critical than organizational longevity in achiev-
ing successful digital transformation (Teece, 2018).

A particularly notable finding from the individual-
level analysis was the substantial variance in maturity
assessments across different managerial tiers
(F(3, 514) = 43.77, p < 0.001, 2 = 0.203). The large effect
size indicates that respondents' organizational roles
exerted the strongest influence on digital maturity per-
ceptions among the demographic characteristics exam-
ined in this study. Owners and board members consist-
ently reported significantly lower ratings (M = 3.52)
compared to senior and middle managers (4.1-4.2).
This discrepancy highlights a fundamental difference
in organizational perspectives: executives focused on
long-term strategic performance and investment re-
turns tend to apply more stringent criteria, whereas
operational managers are more likely to assess the im-
mediate utility of day-to-day software systems. Cru-
cially, this variance underscores the importance of
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incorporating multiple organizational perspectives to
obtain a comprehensive evaluation. It provides strong
methodological justification for the decision to aggre-
gate individual responses using ICC, supporting the
use of aggregated firm-level estimates rather than sin-
gle-informant assessments.

Although the reported digital maturity scores were
relatively high, qualitative responses consistently
highlighted persistent challenges related to IT infra-
structure and employees' digital competencies. These
findings suggest a pattern of high awareness but con-
strained implementation capacity, whereby organiza-
tions recognize the strategic importance of digitaliza-
tion but encounter practical barriers during execution.
Similar patterns have been documented in other
emerging economies (Almeman, 2024). Finally, while
it may be tempting to benchmark these maturity scores
against highly digitalized regional peers, direct numer-
ical comparisons should be avoided. Differences in
sampling strategies, measurement instruments, and
contextual conditions could easily lead to misleading
conclusions. Instead, the present findings should be re-
garded as an important, context-specific baseline for
understanding the current state and future trajectory
of digital transformation within the Vietnamese phar-
maceutical industry (Tran et al., 2022).

Limitations

This study has several methodological limitations
that should be carefully considered when interpreting
the findings. First, the reliance on convenience sam-
pling restricts the generalizability of the results to the
broader Vietnamese pharmaceutical sector; conse-
quently, the findings represent only the surveyed en-
terprises. Future studies would benefit from stratified
random sampling to ensure a more representative co-
hort. Second, while the 64-item maturity scale demon-
strated preliminary construct validity through explor-
atory factor analysis (EFA), confirmatory factor analy-
sis (CFA) is required in subsequent research to rigor-
ously verify the proposed multidimensional structure.
Additionally, the exceptionally high overall
Cronbach's alpha (0.988) suggests potential item re-
dundancy within the measurement scale, indicating a
need for future scale refinement. Third, the use of self-
reported survey data introduces a substantial risk of
common method bias. Although Harman's single-fac-
tor test was conducted, the extracted variance (56.8%)
exceeded the commonly accepted 50% threshold (Pod-
sakoff et al.,, 2003), indicating that common method
variance cannot be ruled out. As a result, the reported
scores must be cautiously interpreted as perceived dig-
ital maturity rather than independently verified organ-
izational capabilities. To mitigate this in the future, as-
sessments should incorporate objective organizational
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metrics, such as IT expenditure audits or enterprise re-
source planning (ERP) utilization logs. Finally, the
cross-sectional design precludes the establishment of
causal relationships between firm characteristics and
digital transformation maturity. Longitudinal research
is recommended to track these developmental trajecto-
ries over time.

Vietnamese digital transformation maturity

REFERENCES

CONCLUSION

The surveyed Vietnamese pharmaceutical enter-
prises reported a relatively high level of perceived dig-
ital transformation maturity, with consistent perfor-
mance across the seven assessed dimensions. Firm-
level mean scores indicate a consistent progression
across the examined organizational domains, with di-
mensions such as Customer Experience and Digital Or-
ganisational Culture emerging as areas of relative
strength (both scoring 3.89). In contrast, Internal Oper-
ations and Digital Workforce Capability appear to lag
slightly behind (both scoring 3.85). A notable gap in
perceived maturity was observed for medium-sized
enterprises, which reported a lower score (3.64) com-
pared to both small enterprises (4.13) and large enter-
prises (4.17). This finding suggests that middle-tier
firms may encounter specific structural or resource-re-
lated constraints during their digital transition. To fos-
ter a more balanced digital ecosystem, targeted policy
support, including financial incentives and role-based
training, is recommended. Furthermore, continued in-
vestment in compliant and interoperable digital infra-
structure remains essential for the long-term sustaina-
bility and security of the pharmaceutical sector.

CONFLICT OF INTEREST

The research was conducted entirely free from any in-
volvement in commercial, financial, or personal matters that
might be perceived as a possible conflict of interest or that
could have influenced the outcomes or interpretation of the
study.

ACKNOWLEDGMENTS

The authors thank Duy Tan University and Hai Duong
Central College of Pharmacy for facilitating this study and all
participants for their time and cooperation. This research did
not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

GENERATIVE ARTIFICIAL INTELLIGENCE (AI)

The authors declare that no generative artificial intelli-
gence (Al) or Al-assisted technologies were used in the prep-
aration, writing, or editing of this manuscript. All content
was developed solely by the authors, who take full responsi-
bility for its accuracy and integrity.

https://jppres.com

Almeman A (2024) The digital transformation in pharmacy:
embracing online platforms and the cosmeceutical paradigm
shift. J Health Popul Nutr 43(1): 60.
https://doi.org/10.1186/541043-024-00550-2

Bapatla AK, Mohanty SP, Kougianos E, Puthal D, Bapatla A (2023)
PharmaChain: A blockchain to ensure counterfeit-free
pharmaceutical supply chain. IET Networks 12(2): 53-76.
https://doi.org/10.1049 /ntw2.12041

Baycik NO, Gowda S (2024) Digitalization of operations and supply
chains: insights from survey and case studies. Digit Transform
Soc 3(3): 277-295. https:/ / doi.org/10.1108 /DTS-09-2023-0087

Chong SSF, Ong SHM, Long SM, Kanno M, Harnpramukkul U,
Wong KC, Sathaye A, Singh M, Paliwal M, Do H, Sou H, Binos
RSR (2024) Advancements in regulatory agility, regional
collaboration, and digital transformation: Insights from the
Asia Partnership Conference of Pharmaceutical Associations
(APACQ). AAPS Open 10(1): 14.
https://doi.org/10.1186/s41120-024-00102-2

Dang TH, Nguyen TA, Hoang Van M, Santin O, Tran OMT,
Schofield P (2021) Patient-centered care: Transforming the
health care system in Vietnam with support of digital health
technology. ] Med Internet Res 23(6):  e24601.
https:/ /doi.org/10.2196 /24601

Hair JF, Black WC, Babin BJ, Anderson RE (2019) Multivariate data
analysis (8th ed.). Cengage Learning.

Haleem A, Javaid M, Suman R, Vaishya R (2022) Exploring the
capabilities of modern technologies for health. Apollo Med
19(1): 37-40. https:/ /doi.org/10.4103/am.am_128 21

Khanh VC, Thuan DT, Kien TB (2025) General methods for assessing
digital transformation within the pharmacy industry. Vietnam
] Community Med 66(Suppl 8): 164-168.
https:/ /doi.org/10.52163 / yhe.v66iCD8.2574

MaJY, Shi L, Kang TW (2022) The effect of digital transformation on
the pharmaceutical sustainable supply chain performance: The
mediating role of information sharing and traceability using
structural equation modeling. Sustainability 15(1): 649.
https:/ /doi.org/10.3390/su15010649

Miozza M, Brunetta F, Appio FP (2024) Digital transformation of the
pharmaceutical industry: A future research agenda for
management studies. Technol Forecast Soc Change 207: 123580.
https:/ /doi.org/10.1016 /j.techfore.2024.123580

Park J, Huh KY, Chung WK, Yu KS (2024) The landscape of
decentralized clinical trials (DCTs): focusing on the FDA and
EMA guidance. Transl Clin Pharmacol 32(1): 41-51.
https:/ /doi.org/10.12793 / tcp.2024.32.e2

Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP (2003) Common
method biases in behavioral research: A critical review of the
literature and recommended remedies. ] Appl Psychol 88(5):
879-903. https:/ /doi.org/10.1037/0021-9010.88.5.879

Shetty AD, Shenoy SS, Sreedhar D, Shetty A, Rao R, D'souza K]
(2022) Traceability of counterfeit drugs in pharma supply chain
through blockchain technology: A systematic review. Res ]
Pharm Technol 15(2): 908-912. https:/ /doi.org/10.52711/0974-
360X.2022.00152

Teece DJ (2018) Business models and dynamic capabilities. Long
Range Plann 51(1): 40-49.
https:/ /doi.org/10.1016 /i.1rp.2017.06.007

Tetteh-Caesar MG, Gupta S, Salonitis K, Jagtap S (2024)
Implementing Lean 4.0: a review of case studies in
pharmaceutical industry transformation. Technol Sustain 3(3):
354-372. https:/ /doi.org/10.1108 / TECHS-02-2024-0012

Tran DM, Thwaites CL, Van Nuil JI, McKnight J, Luu AP, Paton C,
Vietnam ICU Translational Applications Laboratory (VITAL)
(2022) Digital health policy and programs for hospital care in

J Pharm Pharmacogn Res (2026) 14(4): 9


https://jppres.com/
https://doi.org/10.1186/s41043-024-00550-2
https://doi.org/10.1049/ntw2.12041
https://doi.org/10.1108/DTS-09-2023-0087
https://doi.org/10.1186/s41120-024-00102-2
https://doi.org/10.2196/24601
https://doi.org/10.4103/am.am_128_21
https://doi.org/10.52163/yhc.v66iCD8.2574
https://doi.org/10.3390/su15010649
https://doi.org/10.1016/j.techfore.2024.123580
https://doi.org/10.12793/tcp.2024.32.e2
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.52711/0974-360X.2022.00152
https://doi.org/10.52711/0974-360X.2022.00152
https://doi.org/10.1016/j.lrp.2017.06.007
https://doi.org/10.1108/TECHS-02-2024-0012

Van et al.

Vietnam: Scoping review. ] Med Internet Res 24(2): 32392.
https:/ /doi.org/10.2196 /32392

Vadaga AK, Dokuburra UR, Nekkanti H, Gudla SS, Kumari RK
(2025) Digital transformation in pharmaceuticals: The impact of
Al on supply chain management. Intell Hosp 1(1): 100008.
https:/ /doi.org/10.1016/.inhs.2025.100008

Verhoef PC, Broekhuizen T, Bart Y, Bhattacharya A, Dong JQ, Fabian
N, Haenlein M (2021) Digital transformation: A
multidisciplinary reflection and research agenda. ] Bus Res 122:
889-901. https:/ /doi.org/10.1016/].jbusres.2019.09.022

Vial G (2019) Understanding digital transformation: A review and a
research agenda. ] Strateg Inf Syst 28(2): 118-144.
https:/ /doi.org/10.1016/1.jsis.2019.01.003

Vo Thai HC, Tran ML (2025) Digitalisation-driven growth: Elevating
SMEs through capability reconfiguration and business model
innovation in Vietnam. Technol Anal Strateg Manag 38(6): 812-
831. https://doi.org/10.1080/09537325.2025.2501032

Vietnamese digital transformation maturity

Wamba SF, Queiroz MM, Guthrie C, Braganza A (2022) Industry
experiences of artificial intelligence (Al): Benefits and
challenges in operations and supply chain management. Prod
Plan Control 33(16): 1493-1497.
https://doi.org/10.1080/09537287.2021.1882695

Wong WP, Saw PS, Jomthanachai S, Wang LS, Ong HF, Lim CP
(2023) Digitalization enhancement in the pharmaceutical
supply network using a supply chain risk management
approach. Sci Rep 13: 22287. https://doi.org/10.1038 /s41598-
023-49606-z

Yadav P (2024) Digital transformation in the health product supply
chain: A framework for analysis. Health Syst Reform 10(2):
2386041. https:/ /doi.org/10.1080/23288604.2024.2386041

Zhang Y, Mastouri M, Zhang Y (2024) Accelerating drug discovery,

development, and clinical trials by artificial intelligence. Med
5(9): 1050-1070. https:/ /doi.org/10.1016 /j.med].2024.07.026

AUTHOR CONTRIBUTION:

Contribution

Van CK

Concepts or ideas

Design

Definition of intellectual content
Literature search

Data collection

Data acquisition

Data analysis

Statistical analysis

Manuscript preparation
Manuscript editing

Manuscript review

Duong TT Tran BK
X
X
X
X
X
X
X X
X
X X
X X

Citation Format: Van CK, Duong TT, Tran BK (2026) An assessment of digital transformation maturity among Vietnamese pharmaceutical
enterprises: A cross-sectional study. J Pharm Pharmacogn Res 14(4): 2568. https://doi.org/10.56499/jppres 14.4.2568

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and

indicate if changes were made.

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(4): 10



https://jppres.com/
https://doi.org/10.2196/32392
https://doi.org/10.1016/j.inhs.2025.100008
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.1016/j.jsis.2019.01.003
https://doi.org/10.1080/09537325.2025.2501032
https://doi.org/10.1080/09537287.2021.1882695
https://doi.org/10.1038/s41598-023-49606-z
https://doi.org/10.1038/s41598-023-49606-z
https://doi.org/10.1080/23288604.2024.2386041
https://doi.org/10.1016/j.medj.2024.07.026
https://doi.org/10.56499/jppres_14.4.2568

Van et al.

Supplementary data
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Supplementary Table S1. Operationalization of variables: survey instrument for digital transformation maturity assessment in Vietnamese
pharmaceutical enterprises

Original item

Operationalization /

Response scale /

2.33 = Low; 2.34-3.67 = Moderate; 3.68-5.00 = High)

Part Item code (Vietnamese) English translation Type categories DT dimension
PART A - General information (firm and respondent characteristics)
Vi tri, chdic vu cao nhét Respondent's highest 1=Chu doanh
cla nguai tra l5i position/role nghiép/HDQT;
2=Ban lanh dao General
A Al Categorical (GD/PGD); . .
N information
3=Quan ly cap
cao (Trudng/Phd
phong);
A A2 Tén doanh nghiép Enterprise name Open-text Free text FSeneral .
information
A A3 Dja chi Enterprise address Open-text Free text FSeneral .
information
Ndm thanh ldp Year of establishment <10years; 10-
. General
A A4 Categorical <20 years; =20 . .
information
years
Logi hinh doanh nghiép Legal form of enterprise 1=Céngty cd
phan; 2=Céngty
TNHH hai thanh
. vién trg lén; General
A AS Categorical 3=TNHH mot information
thanh vién;
4=Doanh nghiép
tu nhan; 5=Khéac
Linh vuc, r)lgGJnh nghé kinh | Primary business activity Categorical 1:Kth d_oa)nh General
A A6 doanh chid yéu f thudc; 2=San . .
(multi-select) - P information
xuat thuoc;
Quy mé lao déng (s6 lao Number of employees (firm 1=<10 LD; 2=10-
ddng) size) . 50 LD; 3=51-99 General
A A7 Categorical LD; 4=100-199 information
LD; 5=2200 LD
Doanh thu hang ndm Annual revenue 1=<10ty VND;
2=10201;3=20- |
A A8 Categorical 50 ty; 4=50-100 information
ty; 5=100-200 ty;
6=>200 ty VND
PART B - Digital transformation maturity scale (64 items, 5-point Likert: 1 = Strongly disagree - 5 = Strongly agree; overall score: 1.00-

D1 - Customer Experie

nce (CE) - 13 items (CS1- CS13)

Ong/ba c6 cho rdng The enterprise prioritises s
a . R . 1=Hoan toan
doanh nghiép dang ddt enhancing the digital A N
A T . . . khongdongy ... D1 - Customer
B cs1 trong tdm vao viéc nng customer experience. Ordinal (Likert) s N -
5. T 5=Hoan toan Experience
cao trdi nghiém sé cho dne v
khéch hang gy
Doanh nghiép cé dang The enterprise effectively
tén (;Alung C/flf [/{;:u va,cong);. uses data apd technology . . D1 - Customer
B CSs2 nghé dé ca nhén hoa trai to personalise the Ordinal (Likert) 1-5 -
A . s N X Experience
nghiém khach hang mét customer experience.
cdch hiéu qua
Doanh nghiép cé tin rdng Digital platforms (website,
{ac nén tang Sf) (website, app., c.hatbot) prow.ded are . . D1.- Customer
B cs3 tng dung di déng, sufficiently convenientand | Ordinal (Likert) 1-5 Experience
chatbot) di tién ldi va dé user-friendly. P
st dung cho khdch hang
Trai nghiém cda khéch Customer experiences
hang trén cdc kénh sé across digital channels
. . . . . . . D1 - Customer
B Ccs4 (website, app, mang xd (website, app, social media, | Ordinal (Likert) 1-5 Experience
héi, cta hang vét ly) cé physical store) are P
ddng nhét va lién mach consistent and seamless.
Viéc stt dung Al (chatbot, Use of Al (chatbots, virtual
tro l,.vAao) fo giup docznh a55|star1ts).helps the . . . D1.- Customer
B CS5 nghiép ndng cao chdat enterprise improve service Ordinal (Likert) 1-5 Experience
lugng dich vu va dép dng | quality and respond to P
customer needs faster.
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nhu cdu khdch hang
nhanh chéng han
Doanh nghiép ddnh gid The enterprise values the
cao mic dé bao mdt security and privacy of
Ay T a . . D1 - Customer
B CS6 thong tin va quyén riéng customer data when Ordinal (Likert) 1-5 Experience
tu' cta khdach hang khi deploying digital solutions.
trién khai céc gidi phdp s6
Dich vu hé trg khdch hang | Digital customer support
trén cdc nén tdng sé ¢é services are genuinely . . D1 - Customer
B st thuc su hiéu qué va kip effective and timely. Ordinal (Likert) -5 Experience
thoi
Doanh nghiép cho rdang Astrong digital experience
trdi nghiém sé'tét c6 tdc has a powerful impact on
)’ RN . . D1 - Customer
B Ccs8 déng manh mé dén long customer loyalty and Ordinal (Likert) 1-5 .
N NP Experience
trung thanh va mic dé engagement.
gdn két ctia khdch hang
Doanh nghiép dang su The enterprise uses
dung cdc chi sé do ludng measurement indices
B cso (CSAT, NfS, EES) qédénh (CSAT, NPS, CE'S? to assess Ordinal (Likert) 1-5 D1- C}Jstomer
gid va cai thién trai and improve digital Experience
nghiém sé ctia khdch customer experience.
hang
Doanh nghiép cé cho rdng | The shift to online
viéc chuyén déi sang cdc platforms has helped the
5 cs10 nép tdrzg truc tuyfn dﬁ) enterprise impl"o.ve Ordinal (Likert) 1.5 D1- C.ustomer
gitp ndng cao hiéu qud operational efficiency and Experience
hoat déng va tiép cdn better reach customers.
khdch hang tét hon
Doanh nghiép dang déu The enterprise invests
tu ddy da vao cdc nén adequately in online
B csi1 tfing truc tuyén (Webst:te, platforms (websitg, app,e | dinal (Likert) 1-5 D1- C}Jstomer
Ung dung, thuong mai commerce) to optimise Experience
dién td) d€ téi uu héa kinh | business operations.
doanh
Doanh nghiép dém béo The enterprise ensures
cdc bién phdp béo mat robust security measures to D1 - Customer
B CS12 manh mé dé béo vé dir protect customer dataand | Ordinal (Likert) 1-5 .
A p N N . . Experience
liéu khdch hang va giao online transactions.
dich truc tuyén
Doanh nghiép 6ng/ba co The enterprise believes it
tin rdng doanh nghiép effectively leverages digital
d‘fmg tén E!qgg h/eLqu.tia technologies (Al, Big Da.ta, . . D1 - Customer
B CS13 cong nghé s6 (Al, dit liéu 10T) to enhance the online Ordinal (Likert) 1-5 .
) o A s . Experience
[6n, IoT) dé ndng cao trdi customer experience and
nghiém va dich vu truc service.
tuyén.
D2 - Product Innovation (PI) - 5 items (DM1-DM5)
Chuyén déi sé dang thuc DT genuinely improves Ordinal (Likert) 1-5 D2 - Product
su cdi thién hiéu sudtvdn | operational performance Innovation
B DM1 hanh va khd ndng canh and competitive capacity of
tranh cda doanh nghiép the pharmaceutical
dudc phdm enterprise.
Cdc cbéng nghé nhu' Al, IoT, | Technologies such as Al,
Blockchain dang dudc 10T, and Blockchain are
B DM2 L?rzg dung d‘ﬁ:;g cdch d<:3’ !aeing applied correcFly to Ordinal (Likert) 15 D2- Pro_duct
ndng cao chdt lugng san improve manufacturing Innovation
xudt va quan ly chubi quality and pharmaceutical
cung Ung dugc phdm supply chain management.
Doanh nghiép danh gid The enterprise values the
cao mic dé ca nhdn héa level of personalisation and D2 - Product
B DM3 va téi uu trdi nghiém customer experience Ordinal (Likert) 1-5 Innovation
khdch hang nhd chuyén optimisation achieved
déisé through DT.
Doanh nghiép dé co chién | The enterprise has an
lude phir hop dé gidi appropriate strategy to
quyét cdc thdch thicnhy | address challenges such as . . D2 - Product
B DM4 chi phi dGu tu cao, béo high investment costs, data Ordinal (Likert) 15 Innovation
mat dit liéu va tuén thu security, and regulatory
quy dinh phdp ly compliance.
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Trong 5 ndm tdi, chuyén Within the next 5 years, DT
déisd sétrdthanhyéuté | will become a core factor b2 - Product
B DM5 ¢6t 16i gitp doanh nghiép | enabling sustainable Ordinal (Likert) 1-5 Innovation
dudc phdm phdét trién bén | development of the
viing pharmaceutical enterprise.
D3 - Technical / IT Infrastructure (IT) - 16 items (MT1-MT16)
Ha tdng c6ng nghé hién The current technology
tai dé di manh dé dép infrastructure is sufficiently . . D3-IT
B MT1 ting yéu cau chuyén déisé | strongtomeet DT Ordinal (Likert) 15 Infrastructure
requirements.
Doanh nghiép dang ddu The enterprise invests
tu dd vao dién todn dém adequately in cloud D3-IT
B MT2 mdy (Cloud Computing) computing to optimise Ordinal (Likert) 1-5 Infrastructure
dé téi uu héa dit liéu va data management and
quy trinh vén hdanh operational processes.
Doanh nghiép ddnh gid The enterprise values the
cao kha ndng thu thdp, capacity to collect, analyse, D3-IT
B MT3 phén tich va khai thdc dii | and exploit Big Data within | Ordinal (Likert) 1-5
U s ; Infrastructure
liéu [6n (Big Data) cta the pharmaceutical
doanh nghiép dudc phdm | enterprise.
Ung dung Al vdo R&D, thir | The application of Al to
nghiém lGm sang va téi R&D, clinical trials, and D3-IT
B MT4 uu héa san xudt trong production optimisation Ordinal (Likert) 1-5 Infrastructure
nganh dugc phdm dé dat | has achieved the desired
hiéu qud mong muén level of effectiveness.
Viéc dp dung loT trong Applying loT for monitoring
gidm sdt ddy chuyén sén production lines and
B MTS Xudt va quan /;VCh.L’lOI managmgth.e Ordinal (Likert) 1-5 D3-IT
cung Ung thuéc gidp pharmaceutical supply Infrastructure
doanh nghiép téi uu héa chain helps the enterprise
vdn hanh optimise operations.
Blockchain dang dudc Blockchain is being
ing dung hiéu qué dé effectively applied to
B MT6 tarlg t/nlz m/nﬁ)chh va increase transpargqcy a'nd Ordinal (Likert) 15 D3-IT
chéng hang gid trong counter counterfeiting in Infrastructure
chudi cung ding dugc the pharmaceutical supply
phdm chain.
Doanh nghiép dang dam The enterprise ensures
bdo an toan dit liéu va data security and complies D3-IT
B MT7 ddp dng tét cdc tiéu with relevant security Ordinal (Likert) 1-5 Infrastructure
chudn bdo mét (GDPR, standards (GDPR, HIPAA,
HIPAA, ISO 27001) 1SO 27001).
Doanh nghiép dang déu The enterprise invests
tu du vdo cdc gidi phdp adequately in cybersecurity D3-IT
B MT8 an ninh mang dé bdo vé solutions to protect health Ordinal (Likert) 1-5
A %3 pepia . A . Infrastructure
thong tin y té va dir liéu information and patient
bénh nhdn data.
Hé théng ERP dang gitp The ERP system is helping
B MTo dganh nghlep dL{dc pfzam the pha.rmacel.Jtl.cal Ordinal (Likert) 1-5 D3-IT
téi uu héa quy trinh van enterprise optimise Infrastructure
hanh operational processes.
Doanh "9 hlep) daAng tfm The enterprise effectively
dung hiéu qua hé thong leverages the CRM system D3-IT
B MT10 quan ly quan hé khdch & y Ordinal (Likert) 1-5
\ A to enhance the customer Infrastructure
hang (CRM) dé nGng cao experience
trdai nghiém khdach hang P )
Doanh ngvhlejpfmAg/ba N Within the next 5 years,
trong 5 nam tdi, ong/ba . h
PO X~ N digital technology will
€6 tin rang cong nghe s6 become a decisive factor D3-IT
B MT11 sé& trg thanh yéu té quyét Ordinal (Likert) 1-5
- N R § for the success of Infrastructure
dinh sy thanh cong cla -
Y % pharmaceutical
cac doanh nghiép dugc .
e enterprises.
pham.
Doanh nghiép 6 3 . .
oanﬂv ngnicp ong/ba Pharmaceutical enterprises
cho rang doanh nghiép
dudc pham can hab tac need to collaborate more D3-IT
B MT12 o P o s Fi with technology companies | Ordinal (Likert) 1-5
nhiéu hdn vdi cac cong ty 2 Infrastructure
N A ar am to accelerate digital
cdng nghé dé day nhanh -
PR P transformation.
qua trinh chuyén doi s6.
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Doanh nghiép 6ng/ba cd
dénh gid cao mlc dd tich | The enterprise values the
B MT13 h?p gitfa Eécﬂhé théng f:urrent Fiegree of N Ordinal (Likert) 1-5 D3-IT
cong nghé s6 trong integration among digital Infrastructure
doanh nghiép dugc technology systems.
pham hién nay.
Doanh nghiép 6ng/ba cé
tin rdng viéc chuyén dai The enterprise believes
sang nén tang dién toan that migrating to cloud D3-IT
B MT14 ddm may sé gilip doanh computing platforms will Ordinal (Likert) 1-5
i PR - Infrastructure
nghiép dugc pham van enable more flexible and
hanh linh hoat va hiéu efficient operations.
qua han.
Dc))anh.n,gmep gng/ba € The enterprise values the
danh gia cao viéc ap R L
dung nén tang sé vao application Ofdl.gltal . . D3-IT
B MT15 . o, R platforms to online health Ordinal (Likert) 1-5
dich vu tu van suc khoe . L Infrastructure
s . . consultation and medicine
va ban thudc tryc tuyén sales services
trong nganh dugc pham. '
Doanh nghiép dng/ba cé
cho rang doanh nghiép Pharmaceutical enterprises
dugc pham can dau tu need to invest more in
nhiéu hon vao cac cong technologies such as virtual . . D3-IT
B MT16 nghé nhu thyc té do (VR) reality (VR) and augmented Ordinal (Likert) 15 Infrastructure
va thuc té tdng cudng reality (AR) to support
(AR) dé ho trg nghién cliu | research and training.
va dao tao.
D4 - Internal Operations (10) - 8 items (NB1-NB8)
Cdc nén tdng s6 dang Digital platforms are
B NB1 gluE doclnh ngh/ep.f)’dgfcd helplng.the ph.arr.naceutlcal Ordinal (Likert) 15 D4 - Int'ernal
phdm téi uu héa hiéu sudt | enterprise optimise Operations
vdn hanh operational performance.
Viéc iing dung nén tang Applying digital platforms
s6 gidp doanh nghiép helps the pharmaceutical
5 NB2 dlAde ;\)hdm‘gidAm chi phi enterprise reduce Ordinal (Likert) 1.5 D4 - Intgrnal
v@n hanh va néng cao operating costs and Operations
hiéu qud sén xudt improve production
efficiency.
Doanh nghiép dénh gid The enterprise values the
cao khad ndng ra quyét capacity for data-driven D4 - Internal
B NB3 dinh dua trén dif liéu s6 decision-making within the | Ordinal (Likert) 1-5 Operations
héa cta doanh nghiép pharmaceutical enterprise.
dudc phdm
Viéc trién khai cc nén Deploying digital platforms
tang sé gidp téi uu héa helps optimise warehouse D4 - Internal
B NB4 quan ly kho, du bdo nhu management, demand Ordinal (Likert) 1-5 .
v s e s . . Operations
cdu va kiém sodt hang forecasting, and inventory
tén kho hiéu qua control.
Cbéng nghé s6 nhu Digital technologies such as
Blockchain va loT gidp Blockchain and loT help D4 - Internal
B NBS ndéing cao tinh minh bach enhance transparency and Ordinal (Likert) 1-5 Operations
va khd ndng truy xudt traceability of medicines.
ngudn géc thuéc
Doanh nghiép dé ing The enterprise has applied
dung céng nghésé détéi | digital technology to DA - Internal
B NB6 uu héa logistics va phdn optimise logistics and Ordinal (Likert) 1-5 .
o a oA R P Operations
phéi san phdm hiéu qua product distribution
effectively.
Al dang déng vai tro quan | Al plays an important role
trong trong t6i uu héa quy | in optimising D4 - Internal
B NB7 trinh sdn xudt va nghién manufacturing processes Ordinal (Likert) 1-5 0 ‘i
cliu dudc phdm and pharmaceutical perations
research.
Viéc ép dung RPA (Robotic | Applying RPA (Robotic
Process Automation) gitip | Process Automation) helps D4 - Internal
B NB8 doanh nghiép dudc phdm | the pharmaceutical Ordinal (Likert) 1-5 Operations
gidm thiéu sai sét trong enterprise minimise
vdn hanh operational errors.
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D5 - Digital Workforce Capability (DW) - 5 items (KN1-KN5)

Doanh nghiép dang dau L
N L. The enterprise invests .
tu' du vao dao tao ki ndng adequately in digital skills D5 - Digital
B KN1 s6 cho nhén vién dé ho cé trair?in soyem li ces can Ordinal (Likert) 1-5 Workforce
thé thich ing vdi céng & ploy Capability
P adapt to new technology.
nghé mdi
Nhén vién dang dugdc Employees are encouraged
khuyén khich va hé trd d€ | and supported to D5 - Digital
B KN2 lién tuc nng cao ndng continuously improve their | Ordinal (Likert) 1-5 Workforce
luc sé trong céng viéc digital competencies at Capability
work.
Chuyén déi sé dang gidp DT is helping to improve
cdi thién trdi nghiém lam | the employee work D5 - Digital
B KN3 viéc ctia nhén vién, tdng experience, increasing Ordinal (Likert) 1-5 Workforce
su linh hoat va cén bdng flexibility and work-life Capability
cbng viéc - cudc séng balance.
Doanh nghiép tdn dung .
téi da stic mgnh cua Al The enterprl§e fully D5 - Digital
~ o .+ | leverages Alin data . .
B KN4 trong phan tich dit liéu va - Ordinal (Likert) 1-5 Workforce
p . . analysis and market trend s
du' dodn xu hudng thj . Capability
. forecasting.
truong
D?fjnh ngh’/ep Ada,ng danh The enterprise values the -
gid cao mic dé tich hgp degree of inteeration D5 - Digital
B KN5 gilla cdc hé théng quadn ly amgong managgement Ordinal (Likert) 1-5 Workforce
(ERP, CRM, fCM) trong systems (ERP, CRM, SCM). Capability
doanh nghiép
D6 - Digital Organisational Culture (DC) - 7 items (VH1-VH7)
Ldnh dao doanh nghiép Enterprise leadership is
dugc phdm dang thuc sy | genuinely committed to D6 - Digital O
B VH1 cam két va dén ddt qud and guiding the DT process | Ordinal (Likert) 1-5 g &
N o e s o Culture
trinh chuyén déi sé trong within the organisational
vdn héa doanh nghiép culture.
Nhan vién trong doanh Employees in the
ngh/epuco“nhqn thuc ré enterprise have a clear ' . D6 - Digital Org.
B VH2 rang vé tdm quan trong awareness of the Ordinal (Likert) 1-5 Culture
cta chuyén déi sé déivéi | importance of DT for
su' phdt trién bén viing sustainable development.
Doanh nghiép dang thic The enterprise is promoting
B VH3 d?y tinh than déi le va a Spll’.lt.of !nnovat.lo.n and Ordinal (Likert) 1-5 D6 - Digital Org.
sdng tao trong méi creativity in the digital Culture
trudng lam viéc s6 working environment.
Doanh nghiép dang xay The enterprise is building
dung mdt vdn héa céimd, | an open, change-ready . . D6 - Digital Org.
B VH4 sdn sang thay déi dé thich | culture to adapt to digital Ordinal (Likert) 15 Culture
nghi véi cbng nghé sé technology.
Viéc ting dung cdc céng Using digital
cu giao tiép s6 (Microsoft | communication tools
B VH5 Te:ams, Slack, EOOT) glup (Microsoft Teams, Slack, Ordinal (Likert) 1-5 D6 - Digital Org.
nding cao su két néi va Zoom) enhances Culture
hiéu qud lam viéc nhém connectivity and teamwork
effectiveness.
Doanh nghiép ddnh gid The enterprise values using
cao viéc st dung dir liéu data and digital platforms D6 - Digital Or
B VHé6 vd nén tdng s6 déra for more transparent and Ordinal (Likert) 1-5 & &
o . \ . .. . Culture
quyét dinh minh bach va rapid decision-making.
nhanh chéng hon
Vdn héa lam viéc ti' xa Remote or hybrid working
(remote work) hodic két culture is being effectively
hgp (hybrid) dang dudc applied within the . . D6 - Digital Org.
B VH7 doanh nghiép dp dung enterprise thanks to digital Ordinal (Likert) -5 Culture
hiéu qua nhd céng nghé technology.
sé
D7 - Data & Information Governance (DG) - 10 items (QLTT1-QLTT10)
Doanh nghiép dugc phdm | The pharmaceutical
dang quan ly di7 liéu mgt | enterprise manages data D7 - Data & Info
B QLTT1 cdch hiéu qua va cé chién | effectively and has a data Ordinal (Likert) 1-5 Governance )
luge khai thdc dit liéu dé exploitation strategy to
tao gid tri create value.
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Viéc ding dung phdn tich Applying Big Data analytics
dit liéu I6n (Big Data) gidp | helps the enterprise D7 - Data & Info
B QLTT2 doanh nghiép téi uu héa optimise manufacturing Ordinal (Likert) 1-5 ’
s s - N Governance
quy trinh san xuédt, R&D va | processes, R&D, and
chdm séc khdch hang customer care.
Doanh nghiép dém béo The enterprise ensures that
rdng dit liéu thu thap tir data collected from digital D7 - Data & Info
B QLTT3 hé théng s6 ludn chinh systems is always accurate, | Ordinal (Likert) 1-5 ’
A . g - Governance
Xxac, minh bach va cé thé transparent, and verifiable.
ki€m chiing
Doanh nghiép dang dp The enterprise applies
dung cdc tiéu chudn va appropriate standards and
cbng nghé phu hgp dé technologies to ensure ) . D7 - Data & Info.
B LTT4 s 9 , . ? Likert 1-
Q dam bdo chét lugng dif data quality throughout the Ordinal (Likert) 5 Governance
liéu trong todn bé chudi supply chain.
cung Ung
Doanh nghiép dang thuc The enterprise fully
hién ddy du cdc bién phdp | implements data security D7 - Data & Info
B QLTT5 bdo mét dii liéu dé€ tudn measures to comply with Ordinal (Likert) 1-5 Governance ’
thd cdc quy dinh nhu regulations such as GDPR
GDPR, HIPAA and HIPAA.
Doanh nghiép dénh gid The enterprise values the
cgo ki?a nczng ?aoAve dl{ capacity of digital . . D7 - Data & Info.
B QLTT6 liéu cd nhén va théng tin platforms in use to protect Ordinal (Likert) 1-5
A PO . Governance
bénh nhén ctua cdc nén personal data and patient
tdng sé dang st dung information.
Doanh nghiép dang tdn The enterprise effectively
dung hiéu qua cdc nén leverages integrated data D7 - Data & Info
B QLTT7 téng tich hop dit liéu dé platforms to connect with Ordinal (Likert) 1-5 ’
P A . Governance
két ndi vdi déi tac, bénh partners, hospitals, and
vién va khdch hang customers.
Doanh nghiép dang déu The enterprise invests
tdfiu va’o b’ao mqtya adequgtely|n§ecurlty and . . D7 - Data & Info.
B QLTTS tudn tha cac quy dinh compliance with legal Ordinal (Likert) 1-5
PRI e . . Governance
phap ly lién quan dén dit regulations relating to
liéu sé digital data.
Viéc khai thdc dii liéu tir Exploiting data from digital
nén ting sOgiipdoanh | plaforms helps the _ 07 - Data o
B QLTT9 nghiép ca nhan héa trdi enterprise personalise the Ordinal (Likert) 1-5
oA . N N . Governance
nghiém khdch hang va cai | customer experience and
thién dich vu improve services.
Doanh nghiép dang dam The enterprise ensures D7 - Data & Info
B QLTT10 bdo an toan dit liéu khi data safety when operating | Ordinal (Likert) 1-5 Governance ’
vén hanh trén nén tdng s6 | on digital platforms.
PART C - Awareness, barriers, and support needs (binary + open-ended items)
Doanh nghiép éng/ba cé Does your enterprise
cho rdng chuyén déiséla | consider digital
C c1 tat yéu déi véi doanh transformation essential Binary 0=Khéng; 1=C6 Awareness
nghiép dugc phdm for pharmaceutical
khéng? enterprises?
Nhiing rao cén chinh ma 1=Ha tang
doc)vr'1h nghiép ’da?g gap What are the main barriers SO/C’\iTTf 2:Nt1an
phdi trong qua trinh . . . luc/k§ nang so;
o g .., | yourenterprisefacesinthe | Categorical P .
C Cc2 chuyén doi sé (chon tét ca . 3=Chinh Barriers
s DT process? (select all that (multi-select) . N N
phu hop) apply) sach/tuan thu;
PPy 4=Chi phi dau tu;
5=Khac
Doanh nghiép cén hé trg What support does your
gi ti' nha nudc va cdc té enterprise need from the Free text -
C c3 chiic dé day nhanh government and Open-text . . Support needs
o gl o A 2. - thematic coding
chuyén doi s6? (cau hoi organisations to accelerate
ma@) DT? (open-ended)

Notes: DT: digital transformation; EFA: exploratory factor analysis; GDPR: General Data Protection Regulation; HIPAA: Health Insurance Portability and Accountability
Act; ERP: enterprise resource planning; CRM: customer relationship management; SCM: supply chain management; RPA: robotic process automation; IoT: Internet of
Things; Al: artificial intelligence; R&D: research and development. All Part B items used a 5-point Likert scale (1 = Strongly disagree; 2 = Disagree; 3 = Partially agree; 4 =
Agree; 5 = Strongly agree).
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Supplementary Table S2. Complete rotated factor-loading matrix for the 64-item digital transformation maturity scale.

Item code Theoretical dimension Factor1l | Factor2 | Factor3 | Factor4 | Factor5 | Factor6 | Factor?7
CS1 Customer Experience -0.807

CSs2 Customer Experience -0.771

CS3 Customer Experience -0.763

Cs4 Customer Experience -0.782

CS5 Customer Experience -0.712

CS6 Customer Experience -0.775

Cs7 Customer Experience -0.720

Cs8 Customer Experience -0.648

CS9 Customer Experience -0.576

CS10 Customer Experience -0.588

Cs11 Customer Experience -0.538

CS12 Customer Experience -0.525 -0.454
DM1 Product Innovation -0.532 -0.464
DM2 Product Innovation -0.476 -0.471
DM3 Product Innovation -0.431 -0.494
DM4 Product Innovation -0.423 -0.510
DM5 Product Innovation -0.410 -0.457
MT1 Technical/ IT Infrastructure -0.450 -0.487

MT2 Technical/ IT Infrastructure -0.505

MT3 Technical/ IT Infrastructure -0.578

MT4 Technical/ IT Infrastructure -0.596

MT5 Technical/ IT Infrastructure -0.461 -0.586

MT6 Technical/ IT Infrastructure -0.599

MT7 Technical/ IT Infrastructure -0.565

MT8 Technical/ IT Infrastructure -0.578

MT9 Technical/ IT Infrastructure -0.578

MT10 Technical/ IT Infrastructure -0.570

NB1 Internal Operations -0.451 0.519

NB2 Internal Operations 0.528

NB3 Internal Operations 0.570

NB4 Internal Operations 0.569

NBS Internal Operations 0.584

NB6 Internal Operations 0.599

NB7 Internal Operations 0.635

NB8 Internal Operations 0.579

KN7 Digital Workforce Capability 0.594

KN8 Digital Workforce Capability 0.565

VH1 Digital Organisational Culture -0.535 0.410

VH2 Digital Organisational Culture -0.427 0.461

VH3 Digital Organisational Culture -0.480 0.422
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VH4 Digital Organisational Culture -0.435

VH5 Digital Organisational Culture -0.445 0.431
VH6 Digital Organisational Culture -0.448

VH7 Digital Organisational Culture 0.462 -0.410

KN4 Digital Workforce Capability -0.432

KNS5 Digital Workforce Capability 0.432 -0.436

KN6 Digital Workforce Capability 0.471 -0.420

QLTT1 Data & Information Governance 0.493 -0.497

QLTT2 Data & Information Governance 0.546

QLTT3 Data & Information Governance 0.586 -0.436

QLTT4 Data & Information Governance 0.566

QLTTS Data & Information Governance 0.595

QLTT6 Data & Information Governance 0.574

QLTT?7 Data & Information Governance 0.598 -0.404

QLTT9 Data & Information Governance 0.517
QLTT10 Data & Information Governance -0.409 0.467
QLTT8 Data & Information Governance -0.459 0.492
Cs13 Customer Experience -0.545 -0.419
MT11 Technical/ IT Infrastructure -0.583

MT12 Technical/ IT Infrastructure -0.546

MT13 Technical/ IT Infrastructure -0.560

MT14 Technical/ IT Infrastructure -0.519

MT15 Technical/ IT Infrastructure -0.461

MT16 Technical/ IT Infrastructure 0.428

Note: Factor loading signs are mathematically arbitrary; interpretation relies solely on absolute magnitude. Cross-loading items were retained in their primary

dimensions based on their highest absolute loading and theoretical relevance.
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