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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 transformación digital ha influido cada vez más en las cadenas de valor farmacéuticas, pero la evidencia en las economías emergentes sigue siendo 

limitada.  

Objetivos: Evaluar la madurez de la transformación digital entre las empresas farmacéuticas encuestadas en Vietnam y para comparar dicha madurez según el 

tamaño y la antigüedad operativa de la empresa. 

Métodos: Se realizó un estudio transversal de enero a junio de 2025 entre gerentes y ejecutivos de 150 empresas. Se utilizó un cuestionario de 64 ítems 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 correlación intraclase. Se realizaron estadísticas descriptivas, análisis factorial exploratorio, pruebas de confiabilidad, análisis de 

varianza unidireccional, pruebas post hoc de Tukey y análisis temático de respuestas abiertasus. 

Resultados: La puntuación 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 difirió 
significativamente según el tamaño de la empresa, obteniendo las pequeñas y grandes empresas puntuaciones más altas que las empresas medianas. Las 

empresas más antiguas reportaron una madurez ligeramente mayor que las más nuevas. Las principales barreras fueron la infraestructura tecnológica limitada 

y las habilidades digitales insuficientes de la fuerza laboral. 

Conclusiones: La madurez percibida de la transformación digital fue relativamente alta entre las empresas encuestadas. Las empresas medianas pueden 

requerir apoyo financiero, técnico y de capacitación específico. Los hallazgos deben interpretarse con cautela debido al muestreo por conveniencia, la 

medición autoinformada y la varianza del método común. 

Palabras Clave: adopción tecnológica; digitalización; estudios transversales; gestión farmacéutica; Vietnam. 
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Abbreviations: AI: 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, AI 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). 

From an organizational perspective, digitalization 
enhances operational agility. Automated systems and 
AI-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. 

https://jppres.com/


Van et al. Vietnamese digital transformation maturity  

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(4): 3 

 

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 = Z²₁₋α/₂ × [p × (1 − p)] / d² 

where n is the required sample size; Z is the stand-
ard normal deviate at the 95% confidence level               
(Z = 1.96; α = 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 Vietnam 
(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. 

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 
et al., 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 α 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. 

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, χ² = 30,997.4, 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 < 10 years 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 

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, η² = 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). 

DT dimension 
Small 

(n = 49) 

Medium 

(n = 73) 

Large 

(n = 28) 
Overall F-value p-value 

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; η² = 0.143 Significant differences among η² firm-size groups; large effect size. 

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) 

Medium-sized firms score lowest; no significant difference 

between Small and Large. 

Firm age (≥10 vs. <10 years) F(1, 148) = 5.32; p = 0.022; η² = 0.010 Older firms (3.98) score higher than newer firms (3.80); small effect 

size. 

Respondent position F(3, 514) = 43.77; p < 0.001; η² = 0.203 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 ICC(1) ICC(2) 

Customer Experience 13 0.561 0.704 

Product Innovation 5 0.471 0.624 

IT Infrastructure 16 0.363 0.516 

Internal Operations 8 0.340 0.489 

Digital Workforce Capability 5 0.323 0.470 

Digital Org. Culture 7 0.336 0.485 

Data & Info Governance 10 0.357 0.508 

Notes: η² = 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). 

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, η² = 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, 
η² = 0.203). Notably, owner/board-level respondents 
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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 Vietnam’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 

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, η² = 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). 

 
 

https://jppres.com/


Van et al. Vietnamese digital transformation maturity  

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(4): 8 

 

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 (η² = 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, η² = 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 

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. 

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. 
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Supplementary  data 

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

pharmaceutical enterprises 

Part Item code 
Original item 
(Vietnamese) 

Operationalization / 
English translation 

Type 
Response scale / 
categories 

DT dimension 

PART A - General information (firm and respondent characteristics) 

A A1 

Vị trí, chức vụ cao nhất 

của người trả lời 

Respondent's highest 

position/role 

Categorical 

1=Chủ doanh 

nghiệp/HĐQT; 

2=Ban lãnh đạo 

(GĐ/PGĐ); 

3=Quản lý cấp 
cao (Trưởng/Phó 

phòng);  

General 

information 

A A2 
Tên doanh nghiệp Enterprise name 

Open-text Free text 
General 

information 

A A3 
Địa chỉ Enterprise address 

Open-text Free text 
General 

information 

A A4 
Năm thành lập Year of establishment 

Categorical 
< 10 years; 10-
<20 years; ≥ 20 

years 

General 
information 

A A5 

Loại hình doanh nghiệp Legal form of enterprise 

Categorical 

1=Công ty cổ 

phần; 2=Công ty 

TNHH hai thành 

viên trở lên; 
3=TNHH một 

thành viên; 

4=Doanh nghiệp 

tư nhân; 5=Khác 

General 
information 

A A6 

Lĩnh vực, ngành nghề kinh 

doanh chủ yếu 

Primary business activity 
Categorical 

(multi-select) 

1=Kinh doanh 

thuốc; 2=Sản 
xuất thuốc;  

General 

information 

A A7 

Quy mô lao động (số lao 

động) 

Number of employees (firm 

size) 
Categorical 

1=<10 LĐ; 2=10-

50 LĐ; 3=51-99 

LĐ; 4=100-199 

LĐ; 5=≥200 LĐ 

General 

information 

A A8 

Doanh thu hàng năm Annual revenue 

Categorical 

1=<10 tỷ VNĐ; 

2=10-20 tỷ; 3=20-
50 tỷ; 4=50-100 

tỷ; 5=100-200 tỷ; 

6=≥200 tỷ VNĐ 

General 

information 

PART B - Digital transformation maturity scale (64 items, 5-point Likert: 1 = Strongly disagree → 5 = Strongly agree; overall score: 1.00-

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

D1 - Customer Experience (CE) - 13 items (CS1- CS13) 

B CS1 

Ông/bà có cho rằng 
doanh nghiệp đang đặt 

trọng tâm vào việc nâng 

cao trải nghiệm số cho 

khách hàng 

The enterprise prioritises 
enhancing the digital 

customer experience. Ordinal (Likert) 

1=Hoàn toàn 
không đồng ý … 

5=Hoàn toàn 

đồng ý 

D1 - Customer 

Experience 

B CS2 

Doanh nghiệp có đang 

tận dụng dữ liệu và công 
nghệ để cá nhân hóa trải 

nghiệm khách hàng một 

cách hiệu quả 

The enterprise effectively 

uses data and technology 
to personalise the 

customer experience. 

Ordinal (Likert) 1-5 
D1 - Customer 
Experience 

B CS3 

Doanh nghiệp có tin rằng 

các nền tảng số (website, 

ứng dụng di động, 
chatbot) đủ tiện lợi và dễ 

sử dụng cho khách hàng 

Digital platforms (website, 

app, chatbot) provided are 

sufficiently convenient and 
user-friendly. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS4 

Trải nghiệm của khách 

hàng trên các kênh số 

(website, app, mạng xã 

hội, cửa hàng vật lý) có 
đồng nhất và liền mạch 

Customer experiences 

across digital channels 

(website, app, social media, 

physical store) are 
consistent and seamless. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS5 

Việc sử dụng AI (chatbot, 

trợ lý ảo) có giúp doanh 

nghiệp nâng cao chất 

lượng dịch vụ và đáp ứng 

Use of AI (chatbots, virtual 

assistants) helps the 

enterprise improve service 

quality and respond to 

customer needs faster. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 
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nhu cầu khách hàng 

nhanh chóng hơn 

B CS6 

Doanh nghiệp đánh giá 

cao mức độ bảo mật 
thông tin và quyền riêng 

tư của khách hàng khi 

triển khai các giải pháp số 

The enterprise values the 

security and privacy of 
customer data when 

deploying digital solutions. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS7 

Dịch vụ hỗ trợ khách hàng 

trên các nền tảng số có 

thực sự hiệu quả và kịp 
thời 

Digital customer support 

services are genuinely 

effective and timely. 
Ordinal (Likert) 1-5 

D1 - Customer 

Experience 

B CS8 

Doanh nghiệp cho rằng 

trải nghiệm số tốt có tác 

động mạnh mẽ đến lòng 

trung thành và mức độ 
gắn kết của khách hàng 

A strong digital experience 

has a powerful impact on 

customer loyalty and 

engagement. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS9 

Doanh nghiệp đang sử 

dụng các chỉ số đo lường 

(CSAT, NPS, CES) để đánh 

giá và cải thiện trải 

nghiệm số của khách 
hàng 

The enterprise uses 

measurement indices 

(CSAT, NPS, CES) to assess 

and improve digital 

customer experience. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS10 

Doanh nghiệp có cho rằng 

việc chuyển đổi sang các 

nền tảng trực tuyến đã 

giúp nâng cao hiệu quả 

hoạt động và tiếp cận 
khách hàng tốt hơn 

The shift to online 

platforms has helped the 

enterprise improve 

operational efficiency and 

better reach customers. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS11 

Doanh nghiệp đang đầu 

tư đầy đủ vào các nền 

tảng trực tuyến (website, 

ứng dụng, thương mại 

điện tử) để tối ưu hóa kinh 
doanh 

The enterprise invests 

adequately in online 

platforms (website, app, e-

commerce) to optimise 

business operations. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS12 

Doanh nghiệp đảm bảo 

các biện pháp bảo mật 

mạnh mẽ để bảo vệ dữ 

liệu khách hàng và giao 

dịch trực tuyến 

The enterprise ensures 

robust security measures to 

protect customer data and 

online transactions. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

B CS13 

Doanh nghiệp ông/bà có 
tin rằng doanh nghiệp 

đang tận dụng hiệu quả 

công nghệ số (AI, dữ liệu 

lớn, IoT) để nâng cao trải 

nghiệm và dịch vụ trực 
tuyến. 

The enterprise believes it 
effectively leverages digital 

technologies (AI, Big Data, 

IoT) to enhance the online 

customer experience and 

service. 

Ordinal (Likert) 1-5 
D1 - Customer 

Experience 

D2 - Product Innovation (PI) - 5 items (DM1-DM5) 

B DM1 

Chuyển đổi số đang thực 

sự cải thiện hiệu suất vận 

hành và khả năng cạnh 

tranh của doanh nghiệp 
dược phẩm 

DT genuinely improves 

operational performance 

and competitive capacity of 

the pharmaceutical 
enterprise. 

Ordinal (Likert) 1-5 D2 - Product 

Innovation 

B DM2 

Các công nghệ như AI, IoT, 

Blockchain đang được 

ứng dụng đúng cách để 

nâng cao chất lượng sản 

xuất và quản lý chuỗi 
cung ứng dược phẩm 

Technologies such as AI, 

IoT, and Blockchain are 

being applied correctly to 

improve manufacturing 

quality and pharmaceutical 
supply chain management. 

Ordinal (Likert) 1-5 
D2 - Product 

Innovation 

B DM3 

Doanh nghiệp đánh giá 

cao mức độ cá nhân hóa 

và tối ưu trải nghiệm 

khách hàng nhờ chuyển 

đổi số 

The enterprise values the 

level of personalisation and 

customer experience 

optimisation achieved 

through DT. 

Ordinal (Likert) 1-5 
D2 - Product 

Innovation 

B DM4 

Doanh nghiệp đã có chiến 
lược phù hợp để giải 

quyết các thách thức như 

chi phí đầu tư cao, bảo 

mật dữ liệu và tuân thủ 

quy định pháp lý 

The enterprise has an 
appropriate strategy to 

address challenges such as 

high investment costs, data 

security, and regulatory 

compliance. 

Ordinal (Likert) 1-5 
D2 - Product 

Innovation 
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B DM5 

Trong 5 năm tới, chuyển 

đổi số sẽ trở thành yếu tố 

cốt lõi giúp doanh nghiệp 
dược phẩm phát triển bền 

vững 

Within the next 5 years, DT 

will become a core factor 

enabling sustainable 
development of the 

pharmaceutical enterprise. 

Ordinal (Likert) 1-5 
D2 - Product 
Innovation 

D3 - Technical / IT Infrastructure (IT) - 16 items (MT1-MT16) 

B MT1 

Hạ tầng công nghệ hiện 

tại đã đủ mạnh để đáp 

ứng yêu cầu chuyển đổi số 

The current technology 

infrastructure is sufficiently 

strong to meet DT 

requirements. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT2 

Doanh nghiệp đang đầu 

tư đủ vào điện toán đám 

mây (Cloud Computing) 

để tối ưu hóa dữ liệu và 

quy trình vận hành 

The enterprise invests 

adequately in cloud 

computing to optimise 

data management and 

operational processes. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT3 

Doanh nghiệp đánh giá 
cao khả năng thu thập, 

phân tích và khai thác dữ 

liệu lớn (Big Data) của 

doanh nghiệp dược phẩm 

The enterprise values the 
capacity to collect, analyse, 

and exploit Big Data within 

the pharmaceutical 

enterprise. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT4 

Ứng dụng AI vào R&D, thử 

nghiệm lâm sàng và tối 
ưu hóa sản xuất trong 

ngành dược phẩm đã đạt 

hiệu quả mong muốn 

The application of AI to 

R&D, clinical trials, and 
production optimisation 

has achieved the desired 

level of effectiveness. 

Ordinal (Likert) 1-5 
D3 - IT 
Infrastructure 

B MT5 

Việc áp dụng IoT trong 

giám sát dây chuyền sản 

xuất và quản lý chuỗi 
cung ứng thuốc giúp 

doanh nghiệp tối ưu hóa 

vận hành 

Applying IoT for monitoring 

production lines and 

managing the 
pharmaceutical supply 

chain helps the enterprise 

optimise operations. 

Ordinal (Likert) 1-5 
D3 - IT 
Infrastructure 

B MT6 

Blockchain đang được 

ứng dụng hiệu quả để 

tăng tính minh bạch và 
chống hàng giả trong 

chuỗi cung ứng dược 

phẩm 

Blockchain is being 

effectively applied to 

increase transparency and 
counter counterfeiting in 

the pharmaceutical supply 

chain. 

Ordinal (Likert) 1-5 
D3 - IT 
Infrastructure 

B MT7 

Doanh nghiệp đang đảm 

bảo an toàn dữ liệu và 

đáp ứng tốt các tiêu 
chuẩn bảo mật (GDPR, 

HIPAA, ISO 27001) 

The enterprise ensures 

data security and complies 

with relevant security 
standards (GDPR, HIPAA, 

ISO 27001). 

Ordinal (Likert) 1-5 
D3 - IT 
Infrastructure 

B MT8 

Doanh nghiệp đang đầu 

tư đủ vào các giải pháp 

an ninh mạng để bảo vệ 

thông tin y tế và dữ liệu 
bệnh nhân 

The enterprise invests 

adequately in cybersecurity 

solutions to protect health 

information and patient 
data. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT9 

Hệ thống ERP đang giúp 

doanh nghiệp dược phẩm 

tối ưu hóa quy trình vận 

hành 

The ERP system is helping 

the pharmaceutical 

enterprise optimise 

operational processes. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT10 

Doanh nghiệp đang tận 
dụng hiệu quả hệ thống 

quản lý quan hệ khách 

hàng (CRM) để nâng cao 

trải nghiệm khách hàng 

The enterprise effectively 
leverages the CRM system 

to enhance the customer 

experience. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT11 

Doanh nghiệp ông/bà 

trong 5 năm tới, ông/bà 
có tin rằng công nghệ số 

sẽ trở thành yếu tố quyết 

định sự thành công của 

các doanh nghiệp dược 

phẩm. 

Within the next 5 years, 

digital technology will 
become a decisive factor 

for the success of 

pharmaceutical 

enterprises. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT12 

Doanh nghiệp ông/bà 
cho rằng doanh nghiệp 

dược phẩm cần hợp tác 

nhiều hơn với các công ty 

công nghệ để đẩy nhanh 

quá trình chuyển đổi số. 

Pharmaceutical enterprises 
need to collaborate more 

with technology companies 

to accelerate digital 

transformation. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 
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B MT13 

Doanh nghiệp ông/bà có 

đánh giá cao mức độ tích 

hợp giữa các hệ thống 
công nghệ số trong 

doanh nghiệp dược 

phẩm hiện nay. 

The enterprise values the 

current degree of 
integration among digital 

technology systems. 

Ordinal (Likert) 1-5 
D3 - IT 
Infrastructure 

B MT14 

Doanh nghiệp ông/bà có 

tin rằng việc chuyển đổi 

sang nền tảng điện toán 
đám mây sẽ giúp doanh 

nghiệp dược phẩm vận 

hành linh hoạt và hiệu 

quả hơn. 

The enterprise believes 

that migrating to cloud 
computing platforms will 

enable more flexible and 

efficient operations. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT15 

Doanh nghiệp ông/bà có 

đánh giá cao việc áp 
dụng nền tảng số vào 

dịch vụ tư vấn sức khỏe 

và bán thuốc trực tuyến 

trong ngành dược phẩm. 

The enterprise values the 
application of digital 

platforms to online health 

consultation and medicine 

sales services. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

B MT16 

Doanh nghiệp ông/bà có 
cho rằng doanh nghiệp 

dược phẩm cần đầu tư 

nhiều hơn vào các công 

nghệ như thực tế ảo (VR) 

và thực tế tăng cường 
(AR) để hỗ trợ nghiên cứu 

và đào tạo. 

Pharmaceutical enterprises 

need to invest more in 

technologies such as virtual 

reality (VR) and augmented 

reality (AR) to support 
research and training. 

Ordinal (Likert) 1-5 
D3 - IT 

Infrastructure 

D4 - Internal Operations (IO) - 8 items (NB1-NB8) 

B NB1 

Các nền tảng số đang 

giúp doanh nghiệp dược 

phẩm tối ưu hóa hiệu suất 

vận hành 

Digital platforms are 

helping the pharmaceutical 

enterprise optimise 

operational performance. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB2 

Việc ứng dụng nền tảng 
số giúp doanh nghiệp 

dược phẩm giảm chi phí 

vận hành và nâng cao 

hiệu quả sản xuất 

Applying digital platforms 
helps the pharmaceutical 

enterprise reduce 

operating costs and 

improve production 

efficiency. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB3 

Doanh nghiệp đánh giá 
cao khả năng ra quyết 

định dựa trên dữ liệu số 

hóa của doanh nghiệp 

dược phẩm 

The enterprise values the 
capacity for data-driven 

decision-making within the 

pharmaceutical enterprise. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB4 

Việc triển khai các nền 

tảng số giúp tối ưu hóa 
quản lý kho, dự báo nhu 

cầu và kiểm soát hàng 

tồn kho hiệu quả 

Deploying digital platforms 

helps optimise warehouse 
management, demand 

forecasting, and inventory 

control. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB5 

Công nghệ số như 

Blockchain và IoT giúp 

nâng cao tính minh bạch 
và khả năng truy xuất 

nguồn gốc thuốc 

Digital technologies such as 

Blockchain and IoT help 

enhance transparency and 
traceability of medicines. 

Ordinal (Likert) 1-5 
D4 - Internal 
Operations 

B NB6 

Doanh nghiệp đã ứng 

dụng công nghệ số để tối 

ưu hóa logistics và phân 

phối sản phẩm hiệu quả 

The enterprise has applied 

digital technology to 

optimise logistics and 

product distribution 
effectively. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB7 

AI đang đóng vai trò quan 

trọng trong tối ưu hóa quy 

trình sản xuất và nghiên 

cứu dược phẩm 

AI plays an important role 

in optimising 

manufacturing processes 

and pharmaceutical 
research. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 

B NB8 

Việc áp dụng RPA (Robotic 

Process Automation) giúp 

doanh nghiệp dược phẩm 

giảm thiểu sai sót trong 

vận hành 

Applying RPA (Robotic 

Process Automation) helps 

the pharmaceutical 

enterprise minimise 

operational errors. 

Ordinal (Likert) 1-5 
D4 - Internal 

Operations 
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D5 - Digital Workforce Capability (DW) - 5 items (KN1-KN5) 

B KN1 

Doanh nghiệp đang đầu 

tư đủ vào đào tạo kỹ năng 

số cho nhân viên để họ có 
thể thích ứng với công 

nghệ mới 

The enterprise invests 

adequately in digital skills 
training so employees can 

adapt to new technology. 

Ordinal (Likert) 1-5 

D5 - Digital 

Workforce 
Capability 

B KN2 

Nhân viên đang được 

khuyến khích và hỗ trợ để 

liên tục nâng cao năng 

lực số trong công việc 

Employees are encouraged 

and supported to 

continuously improve their 

digital competencies at 
work. 

Ordinal (Likert) 1-5 

D5 - Digital 

Workforce 

Capability 

B KN3 

Chuyển đổi số đang giúp 

cải thiện trải nghiệm làm 

việc của nhân viên, tăng 

sự linh hoạt và cân bằng 
công việc - cuộc sống 

DT is helping to improve 

the employee work 

experience, increasing 

flexibility and work-life 
balance. 

Ordinal (Likert) 1-5 

D5 - Digital 

Workforce 

Capability 

B KN4 

Doanh nghiệp tận dụng 

tối đa sức mạnh của AI 

trong phân tích dữ liệu và 

dự đoán xu hướng thị 

trường 

The enterprise fully 

leverages AI in data 

analysis and market trend 

forecasting. 

Ordinal (Likert) 1-5 

D5 - Digital 

Workforce 

Capability 

B KN5 

Doanh nghiệp đang đánh 
giá cao mức độ tích hợp 

giữa các hệ thống quản lý 

(ERP, CRM, SCM) trong 

doanh nghiệp 

The enterprise values the 
degree of integration 

among management 

systems (ERP, CRM, SCM). 

Ordinal (Likert) 1-5 

D5 - Digital 

Workforce 

Capability 

D6 - Digital Organisational Culture (DC) - 7 items (VH1-VH7) 

B VH1 

Lãnh đạo doanh nghiệp 

dược phẩm đang thực sự 
cam kết và dẫn dắt quá 

trình chuyển đổi số trong 

văn hóa doanh nghiệp 

Enterprise leadership is 

genuinely committed to 
and guiding the DT process 

within the organisational 

culture. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 

Culture 

B VH2 

Nhân viên trong doanh 

nghiệp có nhận thức rõ 

ràng về tầm quan trọng 
của chuyển đổi số đối với 

sự phát triển bền vững 

Employees in the 

enterprise have a clear 

awareness of the 
importance of DT for 

sustainable development. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 
Culture 

B VH3 

Doanh nghiệp đang thúc 

đẩy tinh thần đổi mới và 

sáng tạo trong môi 

trường làm việc số 

The enterprise is promoting 

a spirit of innovation and 

creativity in the digital 

working environment. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 

Culture 

B VH4 

Doanh nghiệp đang xây 

dựng một văn hóa cởi mở, 

sẵn sàng thay đổi để thích 

nghi với công nghệ số 

The enterprise is building 

an open, change-ready 

culture to adapt to digital 

technology. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 

Culture 

B VH5 

Việc ứng dụng các công 

cụ giao tiếp số (Microsoft 
Teams, Slack, Zoom) giúp 

nâng cao sự kết nối và 

hiệu quả làm việc nhóm 

Using digital 

communication tools 
(Microsoft Teams, Slack, 

Zoom) enhances 

connectivity and teamwork 

effectiveness. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 

Culture 

B VH6 

Doanh nghiệp đánh giá 

cao việc sử dụng dữ liệu 
và nền tảng số để ra 

quyết định minh bạch và 

nhanh chóng hơn 

The enterprise values using 

data and digital platforms 
for more transparent and 

rapid decision-making. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 
Culture 

B VH7 

Văn hóa làm việc từ xa 

(remote work) hoặc kết 

hợp (hybrid) đang được 
doanh nghiệp áp dụng 

hiệu quả nhờ công nghệ 

số 

Remote or hybrid working 

culture is being effectively 

applied within the 
enterprise thanks to digital 

technology. 

Ordinal (Likert) 1-5 
D6 - Digital Org. 
Culture 

D7 - Data & Information Governance (DG) - 10 items (QLTT1-QLTT10) 

B QLTT1 

Doanh nghiệp dược phẩm 

đang quản lý dữ liệu một 

cách hiệu quả và có chiến 
lược khai thác dữ liệu để 

tạo giá trị 

The pharmaceutical 

enterprise manages data 

effectively and has a data 
exploitation strategy to 

create value. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 
Governance 
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B QLTT2 

Việc ứng dụng phân tích 

dữ liệu lớn (Big Data) giúp 

doanh nghiệp tối ưu hóa 
quy trình sản xuất, R&D và 

chăm sóc khách hàng 

Applying Big Data analytics 

helps the enterprise 

optimise manufacturing 
processes, R&D, and 

customer care. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 
Governance 

B QLTT3 

Doanh nghiệp đảm bảo 

rằng dữ liệu thu thập từ 

hệ thống số luôn chính 

xác, minh bạch và có thể 
kiểm chứng 

The enterprise ensures that 

data collected from digital 

systems is always accurate, 

transparent, and verifiable. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

B QLTT4 

Doanh nghiệp đang áp 

dụng các tiêu chuẩn và 

công nghệ phù hợp để 

đảm bảo chất lượng dữ 

liệu trong toàn bộ chuỗi 
cung ứng 

The enterprise applies 

appropriate standards and 

technologies to ensure 

data quality throughout the 

supply chain. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

B QLTT5 

Doanh nghiệp đang thực 

hiện đầy đủ các biện pháp 

bảo mật dữ liệu để tuân 

thủ các quy định như 
GDPR, HIPAA 

The enterprise fully 

implements data security 

measures to comply with 

regulations such as GDPR 
and HIPAA. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

B QLTT6 

Doanh nghiệp đánh giá 

cao khả năng bảo vệ dữ 

liệu cá nhân và thông tin 

bệnh nhân của các nền 

tảng số đang sử dụng 

The enterprise values the 

capacity of digital 

platforms in use to protect 

personal data and patient 

information. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

B QLTT7 

Doanh nghiệp đang tận 
dụng hiệu quả các nền 

tảng tích hợp dữ liệu để 

kết nối với đối tác, bệnh 

viện và khách hàng 

The enterprise effectively 
leverages integrated data 

platforms to connect with 

partners, hospitals, and 

customers. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

B QLTT8 

Doanh nghiệp đang đầu 

tư đủ vào bảo mật và 
tuân thủ các quy định 

pháp lý liên quan đến dữ 

liệu số 

The enterprise invests 

adequately in security and 
compliance with legal 

regulations relating to 

digital data. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 
Governance 

B QLTT9 

Việc khai thác dữ liệu từ 

nền tảng số giúp doanh 

nghiệp cá nhân hóa trải 
nghiệm khách hàng và cải 

thiện dịch vụ 

Exploiting data from digital 

platforms helps the 

enterprise personalise the 
customer experience and 

improve services. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 
Governance 

B QLTT10 

Doanh nghiệp đang đảm 

bảo an toàn dữ liệu khi 

vận hành trên nền tảng số 

The enterprise ensures 

data safety when operating 

on digital platforms. 

Ordinal (Likert) 1-5 
D7 - Data & Info. 

Governance 

PART C - Awareness, barriers, and support needs (binary + open-ended items) 

C C1 

Doanh nghiệp ông/bà có 

cho rằng chuyển đổi số là 

tất yếu đối với doanh 
nghiệp dược phẩm 

không? 

Does your enterprise 

consider digital 

transformation essential 
for pharmaceutical 

enterprises? 

Binary 0=Không; 1=Có Awareness 

C C2 

Những rào cản chính mà 

doanh nghiệp đang gặp 

phải trong quá trình 

chuyển đổi số (chọn tất cả 
phù hợp) 

What are the main barriers 

your enterprise faces in the 

DT process? (select all that 
apply) 

Categorical 

(multi-select) 

1=Hạ tầng 

số/CNTT; 2=Nhân 

lực/kỹ năng số; 

3=Chính 
sách/tuân thủ; 

4=Chi phí đầu tư; 

5=Khác 

Barriers 

C C3 

Doanh nghiệp cần hỗ trợ 

gì từ nhà nước và các tổ 

chức để đẩy nhanh 
chuyển đổi số? (câu hỏi 

mở) 

What support does your 

enterprise need from the 

government and 
organisations to accelerate 

DT? (open-ended) 

Open-text 
Free text - 

thematic coding 
Support needs 

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; AI: 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 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 

CS1 Customer Experience  -0.807      

CS2 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    

NB5 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      

KN5 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       

QLTT5 Data & Information Governance 0.595       

QLTT6 Data & Information Governance 0.574       

QLTT7 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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