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A B S T R A C T

Purpose: This paper aims to explore core competencies and analyze the digital leveling implementation of Pharma
4.0 in Indonesian Pharmaceutical companies.
Method: This study uses a mixed-method Delphi study conducted in the first two rounds. The first and second
rounds aimed to determine the core competencies of the Pharmaceutical Industry to face the Pharma 4.0 era. In
the first round, FGD was conducted involving 12 participants, and semi-structured interviews were carried out
with 10 participants in the second round. Alongside Delphi, this research also employs NVIVO as a tool for content
analysis. Furthermore, in the third round, a survey was conducted to determine the leveling of the digital
implementation of Pharma 4.0, involving 215 senior management participants representing 34 national phar-
maceutical industries.
Result: The study revealed eight core competencies needed by human capital in the pharmaceutical industry to
face the Pharma 4.0 era: critical thinking, bioinformatics, entrepreneurial thinking, digital skills, intrapreneurial
skills, research skills, regulatory compliance, and data ethics. Regarding digital leveling implementation, this
study found five main levels: level 1 (simplification), level 2 (automatization), level 3 (integrated system), level 4
(digital transformation), and level 5 (disease prediction). This study also affirms that most of the pharmaceutical
industries in Indonesia are at level 2 (mean ¼ 4.2) and level 1 (mean ¼ 4.0). Several pharmaceutical industries are
at level 3 (mean ¼ 3.5), and a few others are at level 4 (mean 3.2) and level 5 (mean ¼ 1.4).
Research implication: This study is the first to analyze the leveling of digital implementation in Pharma 4.0. The
results showed that core competencies could be used as a benchmark to develop employee skills. This current
study provides the essential data for core competency development and digital leveling implementation for the
pharmaceutical industry and government in preparing Pharma 4.0.
1. Introduction

Implementing Industry 4.0 through a transition from conventional
manufacturing is challenging, especially for emerging economies
(Samaranayake et al., 2018). Manufacturing companies need to recog-
nize the Industry 4.0 vision, as they fail to identify concrete fields of
action, programs, and projects (Schumacher et al., 2016). The impor-
tance of health information systems affects the quality of care, cost effi-
ciency, and healthcare delivery (Baines et al., 2018). Furthermore,
implementing advanced technologies (IT) at the operational level would
bring new values and services to customers and the organization itself.
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Another change on the horizon for pharmaceutical manufacturing is
the “fourth industrial revolution”, or the era of “Pharma 4.0” (Danysz
et al., 2019a). In some ways, the pharmaceutical industry remains in
transition to automation despite the exponential growth of technological
change. The huge demand for personalized products increases the
pharmaceutical industry’s pressure to produce new drugs (Hemanth
Kumar et al., 2020a; Van den Heuvel and Stirling, 2017). The discovery
of innovative drug products shows that it is necessary to develop product
innovations supporting the technology capability to encourage the
competitiveness of the pharmaceutical industry (Grzybowska and
Łupicka, 2017).
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The pharmaceutical industry is a firm that bases its competitiveness
on technological superiority. The Indonesian pharmaceutical industry
encounters a significant challenge due to the unprecedented COVID-19
pandemic. Indonesia arguably is a biodiversity superpower due to its
rich biodiversity that may effectively develop pharmaceutical substances
for public consumption (Alifdini et al., 2018). Indonesia’s diverse natural
resources are valuable for the pharmaceutical industries to increase their
product innovation significantly. However, COVID-19 vaccines are still
imported from developed countries like Europe and the United States.
Not just vaccinations, but most raw materials, such as Active Pharma-
ceutical Ingredients (API), are also imported from different countries.
There are currently 230 pharmaceutical industries, all of which are
growing year after year. In realizing national self-reliance on raw mate-
rials, the Indonesian pharmaceutical industry needs to use new tech-
nologies to increase future competitiveness (Vrchota and Pech, 2019).
There is a gap between the current theoretical knowledge and the prac-
tical implementation in the pharma industry 4.0 (Chatterjee, 2020;
Hammer, 2018; Hemanth Kumar et al., 2020b; Rahaman et al., 2019).
Thus, it is necessary to define the latest core competencies and leveling
implementation according to the technology enhancement in the pharma
industry. The findings of this study can be used to determine the needs of
the workforce and technological development to support practical
implementation in the pharmaceutical industry. This is the first study to
examine the Pharma 4.0 core competencies and digital leveling imple-
mentation in a developing country, particularly Indonesia.

2. Literature review

This paper contributes to the existing core competency knowledge by
analyzing digital leveling implementation. To provide context and
theoretical underpinning, the literature review covers pharma 4.0, the
business process in the pharmaceutical industry, and core competency
theory. Pharma 4.0 has not been discussed in detail in previous literature.
This research fills the gap in the core competency of Pharma 4.0 and
improves digital leveling implementation in the pharma industry.
2.1. Pharma 4.0

The use of technology in the pharmaceutical industry is rapidly
increasing and has become the dominant factor in production, supply
chain, research, and marketing. Pharma 4.0 is a digital operating model
of pharmaceutical organizations synonymous with trends such as Big
Data, interconnectivity, collaborative robotics, artificial intelligence (AI),
virtual and augmented reality, 3D printing, blockchain, and cloud-based
architecture distribution (Berdigaliyev and Aljofan, 2020; Zhang and
Mao, 2017). Pharma 4.0 will cause disruptions in company models,
competition patterns, and market structures. Because digitization is a
context-based process, it requires unique solutions for businesses, value
chains, geographies, and markets (Flynn, 2019; Smith, 2018). Digitiza-
tion creates a new level of transparency in rapid decision-making and
provides timely and line control over operations and quality; it also uses
advanced data analytics to increase process durability, and improve
quality, productivity, and profit (Chetthamrongchai and Jermsittiparsert,
2020; Hemanth Kumar et al., 2020a). That issue leads to safer and more
efficient pharmaceutical production.

The growing demand for health care is one of the challenges faced by
drug manufacturers. Catalyzed by a new range of exciting and disruptive
technologies, the Pharmaceutical Industry needs to reorganize its future
(Taylor, 2016). By 2030, the Pharmaceutical Industry will likely switch
from symptom treatment to complete preventive and healing measures
(Van den Heuvel and Stirling, 2017). Three fundamental developments
drive this shift: innovative new therapies, technological advances, and
health consumerization through increased patient data access (Hock
et al., 2021). This change and its speed impact on some historical treat-
ment methods are replaced and differ according to therapeutic areas.
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Moreover, the COVID-19 pandemic is driving digital transformation
throughout the industry and the state.

2.2. Core competencies

Core competencies were defined as a competitive advantage for
companies to place technology investments commercially (Fitsilis et al.,
2018a,b; García et al., 2020; Kim, 2019). The core competencies from
earlier studies may contribute to the company’s response to changing
external and internal contexts, such as technological turbulence (Mulder
et al., 2018; Suwannaprom et al., 2020). Core competencies must have
the following three qualities: (1) enhance consumer benefits, (2) be
competitively distinctive and hard to be duplicated by rivals, and (3)
must provide access to a broader market (BERGER, 2016; Marneros et al.,
2021). Core competencies are linked with quality, cost, cycle time, lo-
gistics, and business productivity. The use of core competencies should
apply motivation to the outcomes of changes from goals that all workers
may recognize to feel committed (Cotet et al., 2017; Di Fabio, 2014).

The pharmaceutical industry is highly regulated, as it produces drugs
that directly affect human life. In a competitive global market, customer
focus compels organizations to deeply understand the entire value chain
(Taylor, 2016). Customer demand frequently exceeds the fulfillment of
the company’s services in many circumstances. Workers in the pharma-
ceutical industry are expected to develop competencies in these six main
domains: (1) drug discovery and early development, (2) clinical devel-
opment and clinical trials, (4) drug regulation, (5) drug safety supervi-
sion, (6) communication and management (Silva et al., 2013). The
pharmaceutical industry is complex, and to date, the development of the
core competencies framework in the context of the Pharma 4.0 era has
not been unveiled.

2.3. Digital Levelling Implementation

Globalization and technological progress present significant obstacles
for corporate industries, particularly intense competition and volatile
demand (Hemanth Kumar et al., 2020a; Hernawati and Nurbayani, 2018;
Vrchota and Pech, 2019). Given the obstacles faced by Industry 4.0,
evaluating digital deployment is critical. Until recently, most research on
digital deployment was conducted in manufacturing companies. The
transition to Industry 4.0 is a viable approach that will change opera-
tions, manufacturing, and management processes (de Campos Martins
et al., 2020; Garay-Rondero et al., 2019). Digital transformation planning
requires three stages, (1) “imagine” the company, to imagine the po-
tential of industry 4.0, and (2) to “activate” a stage in which more
detailed analyses of the strengths and weaknesses of the company were
carried out to build a roadmap, (3) to “act” the stage in which the strategy
is changed into concrete projects (Pirola et al., 2020; Vrchota and Pech,
2019). According to prior research findings, supervision provides a sys-
tematic framework that facilitates performance benchmarking and
enhancement (Putri et al., 2021). Each level has lists that must be fulfilled
to achieve that level’s maturity, supporting sub-lists that specify the
scope and actions required for that level and activities and tasks required
to achieve each level.

3. Methodology

The Delphi technique was chosen to acquire a complete perspective of
the pharmaceutical industry’s core capabilities and digital levels. A
corporate leader is in charge of defining and developing core capabilities
strategically. The participants of Delphi studies consist of expert practi-
tioners, academics, and entrepreneurs (Baines et al., 2018; Gregory and
Fawkes, 2019; Probst et al., 2020a). Several characteristics of Delphi
studies are anonymity, no face-to-face meetings, and having confirma-
tion with controlled feedback that leads to reflective responses. Before
the data collection, boundary conditions, assessment criteria, and eval-
uation standards are set up. Four criteria are utilized to assess the



Table 1. Delphi rounds and participants.

Organization Pharma Sector Established 1st

round
FGD

2nd round
Interviews

3rd round
Survey

Pharma A Bio-Pharma 1971 3 2 95

Pharma B Vaccine 1980 3 2 35

Pharma C Natural –Herbal 1918 3 2 53

Pharma D Chemical – Active
Pharmaceutical
Ingredients (API)

1985 3 4 32

Total Number of Participants 12 10 215

Table 2. Experts FGD participants.

Participants
(P)

Job Title Sector Conduction

P1 Human Resource
Business Partner

Bio-Pharma Day 1 (21
December
2020)P2 CEO Bio-Pharma

P3 Business Development
Manager

Bio-Pharma

P4 Head of Strategic
Planning

Vaccine

P5 EVP & CAO Vaccine

P6 Telehealth Co-Founder Vaccine

P7 Digital Health Expert Natural –Herbal Day 2 (22
December
2020)

P8 Country Manager Natural –Herbal

P9 Tribe Leader of eHealth Natural –Herbal

P10 Product Manager Chemical – Active
Pharmaceutical
Ingredients (API)

N. Nurlaela Arief et al. Heliyon 8 (2022) e10347
research findings: completeness, truthfulness, conciseness, and clarity
(García et al., 2020; Putri et al., 2021; Trollor et al., 2017). Each criterion
is used to guide the first framework’s development. Each Delphi round
includes responding to a question and evaluating the framework using
those four criteria; the updated findings are then merged to address
panelist remarks.

3.1. Ethical issues

The authors state that the work is written with due consideration of
ethical standards. The study was conducted following the ethical prin-
ciples approved by the Ethics Committee of the University under the file
(SBM.PN-6-03-2021). The research complied with all ethical standards
and anonymity; there were no requirements to provide confidential in-
formation (name, date of birth or place of residence, etc.). The re-
spondents gave their written consent for the conduct of the research and
data processing.

Figure 1 presents the three rounds of mixed-method Delphi in-
vestigations performed to accomplish the study goals. Participants' in-
clusion criteria were workers or business owners in the Pharmaceutical
Industry with at least ten years of work experience and a minimum
manager position. The overall data collection was conducted from
December 2020 to August 2021. The first phase included a Focus Group
Discussion (FGD) with 12 participants to provide preliminary informa-
tion on Pharma 4.0 core competencies and digital leveling implementa-
tion. The second phase involved in-depth interviews with ten experts to
validate core competencies and produce an assessment of Pharma 4.0
digital leveling implementation. The third phase covered an online sur-
vey and was distributed to 282 pharmacists; however, only 215 partici-
pants established a baseline for Pharma 4.0 implementation and gathered
agreement from the research. The data were analyzed using the mixed-
method technique combining qualitative and quantitative analyses to
achieve the research objectives. The data analysis is further explained in
the data analysis section.

According to the Indonesian Ministry of Health, the pharmaceutical
industry is separated into four key sectors: bio-pharmaceuticals, vaccines,
natural herbal products, and chemicals (Table 1). This research examined
those four sectors to collect a comprehensive picture, with the partici-
pants including top-level, executive-level, and middle-level positions.
Participants were contacted through affiliated and networks of Indone-
sian professional pharma associations using tools of WhatsApp or email.

3.2. 1st round: experts focus group discussion

P11 Head of Talent

Acquisition and Senior
HRBP

Chemical – Active
Pharmaceutical
Ingredients (API)

P12 HR and General
Affairs Executives

Chemical – Active
Pharmaceutical
Ingredients (API)
RQ1. What core competencies does the pharmaceutical industry need
in the face of the Pharma 4.0 era?

Focus Group Discussion (FGD) was conducted to obtain opinions from
each individual. To begin, the research team developed an initial list of
15 core competencies deemed critical for the business. The ranking is
Figure 1. Research
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based on a review of corporate papers pertaining to each country’s
pharmaceutical industry’s strategy. Pharmacy experts are all very skilled
in their respective professions. They were tasked with analyzing the
aforementioned list, compiling, adding, deleting, and operationally
defining each required core competency. Snowball sampling was used.
Experts are expected to recommend internal or external peers for the next
research phase. The FGD was conducted twice in two days, with six
people in each round, making 12 participants (Table 2). The first day
methodology.
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aimed to get a benchmark on the description of competencies required by
the pharmaceutical industry. The second day aimed to verify the results
of the first day. Participants were also allowed to add other compe-
tencies, if any, to be added for review.

3.3. Semi-structured interview
RQ2. How to measure the leveling of digital implementation in na-
tional pharmaceutical industries?

To supplement the first round FGD findings, the research performed
ten expert semi-structured interviews with representatives from each of
the four sectors (Table 3). For validating core competencies mapping, the
researchers started by asking and analyzing the competencies best suited
for each division. Core competencies were carefully mapped and
confirmed with each expert until saturated results were obtained. For the
case of leveling implementation, researchers first presented the design
obtained through a literature review. The researcher then asked each
expert whether the leveling proposed was appropriate. These interviews
enabled the researchers to get direct information from various perspec-
tives. The interviews lasted 45–60 min with different participants. All
interviews were recorded and transcribed.

3.4. 3rd round: survey
RQ3. To what extent is the level of digital implementation in the na-
tional pharmaceutical industry in Indonesia?

After obtaining the results of the first and second stages, the ques-
tionnaire, consisting of five levels of digital implementation in the na-
tional pharmaceutical industry, was designed. To address the research
objective, a broader population was used on the Delphi method.
Furthermore, the authors contacted prospective participants by What-
sApp and email and obtained 282 participants who agreed to participate
in the research. Only 215 participants completed the questionnaire in
two months, from June to July 2021 (response rate of 60.2%). The
sample included 120 managers, 80 head departments, and 15 directors
representing 34 national pharmaceutical industries. The measurement
used a 5-point Likert scale (1 ¼ disagree; 5 ¼ strongly agree). The survey
is presented in the Indonesian language following the results obtained in
the qualitative survey (Table 6). The data were analyzed using
Table 3. Semi-structured interview participants.

Participant
(P)

Job Title Sector Date

P1 Human Capital Director Natural – Herbal 1 March 2021

P2 Former CEO Chemical – Active
Pharmaceutical
Ingredients (API)

5 March 2021

P3 Country Director Chemical- Active
Pharmaceutical
Ingredients (API)

13 March 2021

P4 Digital Transformation
Director

Bio-Pharma 15 April 2021

P5 Operation Director Vaccines 20 April 2021

P6 Digital Health Expert Natural –Herbal 7 May 2021

P7 Business Development
Director

Chemical- Active
Pharmaceutical
Ingredients (API)

7 May 2021

P8 Product Manager Chemical- Active
Pharmaceutical
Ingredients (API)

21 May 2021

P9 Strategic Planning
Director

Bio-Pharma 21 May 2021

P10 HR Executives Vaccines 9 June 2021
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descriptive statistics and mapped to see the shortcomings and the extent
to which digital implementation has been carried out in Indonesia.

3.5. Data analysis

3.5.1. Qualitative data analysis
In this research, qualitative data analysis revealed the core compe-

tencies in contemporary pharma industries. The data were analyzed
following the thematic analytical guidelines presented by Kiger and
Varpio (2020). Thematic analysis is a method used to identify, analyze,
and interpret patterns of meaning in qualitative terms. The thematic
analysis emphasizes the main role of researchers in formulating themes
from the data obtained. The approach used for thematic analysis is a
deductive approach where previous researchers have several main
themes based on a literature review. Several rounds were made to cap-
ture the emerging themes. All FGD and semi-structured interviews were
transcribed verbatim into Microsoft Word. Information obtained from
FGDs and semi-structured interview were examined and classified into
several common themes using NVivo software (Miles and Huberman,
1984; Nag et al., 2007).

NVivo is one of the most prevalent techniques in categorizing and
scrutinizing textual data from interviews to advocate proper coding and
pattern detection (Leech and Onwuegbuzie, 2011; Nowell et al., 2017).
NVivo software is suitable for extracting pertinent themes, developing
categories, and visualizing data in different formats (Sotiriadou et al.,
2014; Nowell et al., 2017).

The steps of data analysis followed the recommendation of Kiger and
Varpio (2020): (a) organize the data and become familiar with data, (b)
put codes to the transcript of the interviews (c) think about the proper
theme for several codes, (d) reevaluate the theme, and last, (e) create a
definition of the theme with the researcher interpretation. Employing
NVivo streamlined the data organization process by recognizing the word
frequencies and brainstorming trends and patterns throughout the text.
This research coding the text passages with equivalent phrases to
formerly coded content. There is a lot of repetition of words and sen-
tences with the same core subject. NVivo software is a valuable instru-
ment for coding and categorizing a high volume of texts ((Hilal and
Alabri, 2013; Paulus et al., 2017). NVivo could systematically extract the
themes throughout the data and provide visualization data in various
formats such as word clouds, maps, and graphs. A meaningful theme is
ensured by understanding the coder and the proportionate data valida-
tion process (Claps et al., 2015). Data validation could be conducted
through triangulation, looking at data saturation, and research bound-
aries (Yin, 2013). In this research, triangulation was carried out by
confirming the incomplete concept in the interview session after the FGD.

3.5.2. Quantitative data analysis
Quantitative data analysis aims to determine the digital imple-

mentation leveling of the national pharmaceutical industry. The data was
collected by administering the online questionnaire to the senior-level
pharmacists. The online survey was created on the google form. The
quantitative data were then analyzed using SPSS 20. Descriptive statistics
analysis and Pearson correlation test were conducted. Descriptive sta-
tistics, including the maximum and minimum values, and mean, shows
the digital leveling of the pharmaceutical industries. Based on the digital
implementation in the industry, there are five levels of categorization
that will be elaborated more in the following sections, with level one
being the lowest and five being the highest. Pearson correlation exam-
ined the significance of the study.

3.6. Validity and reliability

The researchers contend that validity and reliability are critical to the
quality of original research and strongly emphasize the data collection
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and analysis procedure (Franco and Alfonso-Lizarazo, 2017; Probst et al.,
2020b). The prospect of reproducing the same results in subsequent
research is reliability. The interpretation of the outcomes of a given
phenomenon is referred to as validity. The development of correct
interview and FGD methodologies, recording, and transcription to ach-
ieve inter-code reliability are all part of the qualitative method’s reli-
ability. In qualitative research, validity is determined through
triangulation, member examination, and the use of researcher bias in
responding to questions and validating data. The Pearson Bivariate
approach is used to assess the validity of the quantitative method. The
result is genuine if the r count is greater than r table 5%. The Cronbach’s
alpha value ranges from 0.79 to 0.90, indicating that the calculated
factors have a range of dependability ratings from good to outstanding
(Al-Haqan et al., 2021).

4. Results

4.1. Core competency mapping

A total of 22 pharma top management and experts participated in
focus group discussions and Semi-structured Interviews, and 215
participated in the survey, as shown in Table 1. FGDs answers revealed
that existing competencies need to be improved with new knowledge and
developed in a broader and more complex way. One of the leading
companies was the government affiliation, which focused on the vaccine
market. The participants were quite supportive in the FGD and interviews
since they also urgently formulated the core competence in the pharma
industry, especially after the pandemic. The extent of the resemblances
among FGD’s members and interviewee responses and the level of
pharma industry implementation represented in annual reports of the
affiliated companies supported the results.

Furthermore, companies' annual reports and public website contents
are being used to support the triangulation process. The research
boundaries are also made to limit the broad range of data. This research
examined the frequency of themes using NVivo to investigate the preci-
sion of the analysis and improve confirmability. Although the participant
is from different companies with different job positions, they emerge
with a joint proposition.

Data were analyzed using Thematic Analysis (Table 4). In the the-
matic analysis stage, first the researchers sorted the interview results (in
column “The excerpt”) according to the appropriate code. Each code
describes the skills relevant and needed in facing the Pharma 4.0 era (in
column “Code”). After the code was created, pattern identification was
conducted, and themes were identified (in column “Theme”). The
analysis was carried out by interpreting the interview results to identify
the themes of skills needed by the pharmaceutical industry in facing the
Pharma 4.0 era. The determination of the theme and the interview re-
sults were processed by the research team and expert representatives
(Table 4). Furthermore, the results were re-verified when conducted
FGD and small interviews, to determine whether the skill needed for
pharma 4.0 is already appropriate to be translated into leveling, and
which level is apt for the Indonesian situation and proceeding to the
questionnaire.

Figure 2 shows the most frequent keyword was data, industry, skills,
digital, technology, pharmacy, management, ability, and development.
Meanwhile, Table 4 indicates the most frequent nodes, themes, and usage
frequency. The most frequent nodes depicted the importance of the topic,
confirmed in the Thematic Analysis that shows the theme of decision
making, which includes nodes cognitive, critical skills, data analytics,
and problem-solving are the most coded along with the transcription.

The results from thematic analysis using NVivo show seven themes
regarding core competencies the pharmaceutical industry needs in the
face of the Pharma 4.0 era, including a) intrapreneurial skills, b) entre-
preneurial thinking, c) critical thinking, d) digital skills, e) bioinfor-
matics, f) regulatory compliance, and g) data ethics. Figure 3 presents the
hierarchy chart and points out that the current issue related to pharma
5

4.0 in Indonesia is mostly about Data Analytics under the theme of
Critical Thinking.

New competencies will focus more on managerial skills, and more
vital digital skills for integrating the skills and areas of expertise will be
provided. The analysis results are presented in Tables 5 and 6 to answer
the research questions in the 1st Round and 2nd Round.

The core competencies mentioned by the pharmacist were manage-
rial competencies and some technical skills, including a variety of
knowledge, such as entrepreneurial skills, intrapreneurial skills, critical
thinking, data ethics, research skills, bioinformatics, digital skills, and
regulatory compliance. Among those competencies, bioinformatics and
regulatory intelligence differentiate pharmaceutical sectors from others.
Experts believe that the knowledge of the pharmaceutical industry in the
4.0 era, i.e., regulatory compliance, research skills, data ethics, and
bioinformatics, will be the key for developing drugs in uncertain cir-
cumstances. Bioinformatics and regulatory intelligence are expected to
fasten the research & development and production process and ensure
product quality. In addition, digital skills are crucial for the Industrial 4.0
era and the future. It is reflected that there will be improved machine
operation and software and hardware maintenance in future jobs
requiring more advanced programming and technical skills.

4.2. Levelling of digital implementation pharma 4.0 measurement tools

This research develops previous research by Kupfer (2019) that fairly
primitive generations of digital technology currently dominate the
examined countries. However, significant steps toward digitalization are
expected in the future. Nonetheless, most organizations are ill-prepared
to achieve expected future advancements. Large firms in high- and
medium-technology industries appear to be better equipped to introduce
digital technologies than their smaller counterparts in lower-technology
industries (Kupfer, 2019). Based on the semi-structured interview with
the expert, researchers tried to create the proper measurement methods
with more detail and specialized in the Pharmaceutical Industry. Before
determining the level, researchers and experts design the measurement
method and prepare the categorization of each level in Pharma 4.0
functions and contexts. The measurement tools will be presented in
Table 7. This study also provides an overview and meaning at each level,
as follows:

� Level 1: Implementing functions to simplify bureaucratic processes
with complex and rigid pharmaceutical industry systems. A practical
example at this level is managing a digital standard operating pro-
cedure (SOP) system or e-paper based.

� Level 2: The implementation of the automation function using digital
technology, automatic machines in bioprocess & life science, and 3D
printing in the production process. An example of this level is visual
inspection automation or semi-automation in most cores or support-
ing activities in the pharmaceutical industry.

� Level 3: The implementation of the integration function, the internal
data management process of the company has been integrated
comprehensively with the internal and external functions. AI and Big
data based on IT platforms design clinical supply chains and integrate
internal & external support systems. For example, ordering products
through marketing is integrated with production, Production Plan-
ning & Inventory Control (PPIC)-warehouse, and other functions,
such as implementing Enterprise Resource Planning (ERP) tools,
Laboratory Information Management System (LIMS), and other tools.

� Level 4: The application of the digital transformation function. At this
stage, it has implemented digital transformation with technology that
has artificial intelligence, big data, and the Internet of Things to
support core functions. For example, monitoring the track & trace
system of vaccine product distribution concerning international
standards from upstream to downstream. Another practice is the
company’s ability to identify potential predictors of future diseases,
such as the results of lifestyle, genetic factors, or heredity.



Table 4. Keywords frequency NVivo.

Definition Theme Code The excerpt Words Count

FGD #1 Interview
#2

Ability to work together to
optimize potential and achieve
common goals

Intrapreneurial
skills

Collaboration Collaboration in functions not only internal but external, e.g., vaccine
distribution involves various ministries, institutions, companies, and
related agencies. The narrative starts with an ecosystem-based
business.

2 3

Stakeholder Management Since the type of industry is predicted as oligopoly and most use
market focus and customer focus as a growth strategy, we need a
combination with talent because knowledge accumulation is
necessary to produce new products. Competency characteristics will
be related to business strategy.
Pharma needs to emphasize managing the stakeholders,
responsibility answering, going the extra mile, and persistence.

2 2

Partnership A partnership strategy is very important because the industry cannot
develop itself. People in the Pharmaceutical Industry not only have
technical skills (mastery of operations, etc.), but soft skills such as
negotiation, etc., are also required.

2 2

Ability to have creative thinking,
create innovation, and implement
it

Entrepreneurial
thinking

Entrepreneurship We need to have core competencies in accordance with the company
purpose: character, cognitive ability, critical skills, behavior,
innovation, and soft skills.

4 5

Innovation We are already part follows the innovative factory program and the
R&D. However, because we need to follow the complicated
regulations, development becomes hampered because everything
must work following SOPs.

5 6

Dynamics Millennials play a role urgent in facing change because millennials
can study fast and adapt; they also have more soft skills to self-
development

2 2

Adaptive HR 4.0 is very disruptive. The HR team must prepare team members
as well as possible if there is opportunity and potential. Industry 4.0 is
related to big data: velocity, volume, & variety. At this time,
recruitment can be conducted online. Very data-driven and used
primarily in the recruitment process. Match behavior and profile
personnel very much depend on big data.

3 4

Responsive For pharmacy, the most dominant variable is time to market and
lower cost. Especially when we are prepared for vaccines and
diagnostic tools, we cannot depend on continuing imports (because
flight delays, lockdown, etc. are very troublesome). If referring to the
4.0 industry, we need to speed up the time of the product to the
market. Existing processes need to have a shortcut to speed up the
system.

3 4

Learning Ability The development could be conducted by the employee by themselves,
such as through LinkedIn and or with one-on-one coaching, in which
we actually have a culture of learning. We expect some programs can
align with the performance, so the learning process can be performed
effectively.

3 4

Ability to analyze the problems,
share insight for decision-making,
and respond fast to recent changes
or challenges

Critical Thinking Cognitive We need to find the extent to which robotics, IoT, and other
technology roles in the operation process, which of course, require
different competencies.
Competence should be linked to business strategy, for instance, new
products, new markets, and product diversification. We need talent,
leadership drive, and focus on customer focus.

6 4

Critical Skills We need competence from Core Industry Pharmacy: Production, QC,
QA, and R&D, ensuring that the product is made appropriately on
schedule (efficient) and effective. Thus, in the implementation in
industry, all systems must be integrated to facilitate monitoring
anytime and anywhere; one of them is vaccine covid; smartphone
distribution can already monitor distribution.

6 6

Data Analytics The use of big data is very urgent for looking at those who only have
registered in the recruitment process. For example, our company
already uses a talent pool integrated with the government personnel
department to set specifications in the recruitment process. Until the
moment, HR people should not originate from a pharmacy
background. However, one must understand pharmacy. HR is rotated
to understand the whole process in pharmacy.

8 8

Problem Solving When a pandemic occurs, we no longer just collaborate with other
industries. We collaborate with Research Institutions and Agencies
and global partners to produce vaccines. Research ability is still low
compared to the ability of production, though we need it the most.

6 7

(continued on next page)
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Table 4 (continued )

Definition Theme Code The excerpt Words Count

FGD #1 Interview
#2

Ability to continuously update
with the contemporary digital
technology, understand it, and use
it effectively

Digital skills Digital Mindset Digital mindset and analytical thinking are also a must-emphasis in
every HR. Not only coding and programming that matters.

7 7

Digital Literacy Digital knowledge such as approach blockchain and big data would
immensely assist the therapeutic process. Required knowledge across
dimensions like precision medicine knowledge, genomics, and
biotechnology.

8 7

Technology Savvy Industry 4.0 has a big influence on pharmacy: 1) In retail pharmacy, it
is necessary to look for customer behavior and demand. The
pandemic, which keeps going, is a challenge. Using apps online
makes it easier for the customer. (2) Supply chain: integrated
distribution process is important. This is because the supply chain at
the pharmacy level is not yet effective until now, especially in the
process of managing cold chain products. Warehousing and
transportation management have also become an issue (3)
Laboratory: With a pandemic, labs could be conducted from home.
So, making a small kit lab is important (4). Manufacturing: start
running IoT implementation.

7 7

Ability to process the information
for pharmaceutical industry
development

Bioinformatics Biotech The Pharma industry must also understand bioinformatics such as
molecular docking for manufacturing processes in medicine. We also
need the existence of novel integrated intelligent biotechnology.

5 6

Tele-pharmacy Seeing the current trend, pharmacy has moved towards tele
pharmaceutical. With the transformation that moves so fast, it
requires high adaptability in technology.

4 5

Precision Medicine From the pandemic, we learn to create vaccines in a short time, but it
also needs to be accurate. Precision prediction is a challenge ahead.
Currently, there are very few multinational companies that can do
that. For example, to predict what kind of viral genetic mutation.
Therefore, the development process and related research should
continue to be carried out. The prediction in question would be better
if it could predict a new disease that is not an existing disease
(COVID-19, bird flu, etc.)

5 5

Ability to constantly update,
understand, and comply with
national and international
regulations

Regulatory
Compliance

Regulatory intelligence Pharmaceutical companies must be able to optimize technology in
order to increase access and tracking. However, human resources
must possess regulatory compliance expertise. Human resources must
be adaptable and innovative.
This Industry Pharmacy is not yet independent in the management of
ingredient raw. Issue central moment this is a technology transfer
process for management source power natural become API (active
pharmaceutical ingredients).

6 6

Ability to protect data and follow
the data ethic of the public health
information

Data ethics Data Ethics In the clinical trial process because it is a separate process that is not
carried out by quality control. The related competencies are clinical
trial data ethics, pharmacovigilance, GTCP, regulatory compliance.

6 6

Data Security We need to expand on the supporting, technical, and connected parts
with the integrated system where corporations already implement
the system.
The challenge is Data security in terms of infrastructure and
consistency implementation, which is related to HR.
Until now, the awareness that is felt by HR only because accounting
needs it, isn’t it? Integrated system is not yet become a habit for a
moment.

4 4
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� Level 5: The application of digital functions with capabilities for
disease prediction. At this stage, the industry has implemented
Pharma 4.0 practices to support AI, Big Data, and IoT with unstruc-
tured data. Level 5 is the highest in the application of pharma 4.0. For
example, with the knowledge of disease prediction, the industry can
prevent the disease.

4.3. Levelling of digital implementation pharma 4.0 quantitative result

Quantitative data analysis is carried out based on the development
results of measurement tools in Table 8. In developing countries, digital
adoption patterns will vary depending on the company’s profile. To date,
digitization is considered a new process that has not been consolidated.
Quantitative data are analyzed using descriptive statistics in Tables 8, 9,
10, 11, and 12, covering maximum, minimum, and mean values. The
mean of each level will be averaged and mapped to determine the
7

leveling of digital implementation in the national pharmaceutical
industry.

5. Discussion

5.1. Pharma 4.0 digital competency

This study revealed seven main competencies: intrapreneurial skills,
entrepreneurial thinking, research skills, critical thinking, regulatory
compliance, bioinformatics, digital skills, and data ethics (see Table 4,
Table 5, and Table 6). The implications of digitization on skills are a
much-debated topic, given the complex nature of the changes involved.
The digital age has brought many changes to professions and jobs
(Peicheva and Milenkova, 2017). An individual may have various com-
petencies unmatching the qualifications, so it is crucial to have a com-
petency benchmark (Abel, 2008; Mitchelmore and Rowley, 2010;



Table 5. Qualitative data coding.

Respondent Quotation Code

Q1 Capable of adapting to rapid change,
prepared to deal with digitalization,
and keeping up with the times.

Agility, change management,
digital mindset

Q2 Innovative, well-balanced cognitive
ability and character, a high capacity
for learning, not only values but also
a sense of purpose

Innovative, leadership, business
acumen, learning capability,
entrepreneurship, respect,
persistence, critical skills,
purposeful,
Intrapreneurial skills,
entrepreneurial skills, analytical
skills,

Q3 An open mind to technology and
digitalization, data utilization, and
contribution to Indonesia

Digital mindset, technology savvy,
data analytics, purposeful

Q4 HR contributes to business objectives
by adapting to technology and
changing times by striking a balance
between cognitive ability and
character, learning opportunities,
and self-development.

Tele-pharmacy, cognitive ability,
soft skills, entrepreneurial skills,
learning, and self-development

Q5 Responsible, striving for the best
result, persistent, managing
stakeholders, processing data,
collaborating, balancing cognitive
ability and behavior, and purposeful.

Intrapreneurship skills,
entrepreneurship skills, data
analytics, cognitive ability, soft
skills, purpose, digital mindset,
analytical thinking, persistence

Q6 Discussion on culture, adapting to the
rapid changes, less hierarchical
structure, digital savvy,
collaborative, innovative, processing
of pharmaceutical data.

Innovative, agile,
intrapreneurship, bioinformatics.

Q7 Professionals in the pharmaceutical
industry must possess cross-
disciplinary skills, specifically
mastery of technology and data
processing. It is critical to react
quickly to the transformation.

Technological savvy,
bioinformatics, precision
medicine

Q8 Interdisciplinary between genomic
and biotechnology, responsive to
rapid transformation, acceleration
for product research and
development based on technology
and data utilization.

Biotechnology, research skills,
technology adoption

Q9 Individuals working in the
pharmaceutical industry must also be
familiar with data science and
analytics. Pharmacy has shifted its
focus to tele-pharmaceuticals in
response to the current trend. The
rapid pace of change requires a high
degree of adaptability.

Tele-pharmacy, data science, data
analytics, agility.

Q10 Every employee needs to have a basic
understanding of design thinking,
even though there is no need to be an
expert in digital technology.
Maintaining the digital culture/
mindset of employees is necessary to
keep updated with the latest digital
technology. With rapid technological
advancements/changes, employees
(including digital natives) are
sometimes resistant to adopting new
technologies, as in employees who
belong to groups other than
millennials.

Digital mindset, responsive,
innovative, adaptive, dynamics

Q11 Pharmaceutical companies must be
able to optimize technology in order
to increase access and tracking.
However, human resources must
possess regulatory compliance
expertise. Human resources must be
adaptable and innovative.

Learning agility, innovation,
regulatory compliance

Table 5 (continued )

Respondent Quotation Code

Q12 Utilize technology for tracking,
quality control, e-logistic, and
warehouse and supply chain
management. Therefore, we can
optimize the technology to achieve
efficiency through economies of
scale.

Technological savvy, digital
mindset

Table 6. Competency description and definition from FGD and semi-structured
interview.

Theme Code Definition

Intrapreneurial
skills

Collaboration, stakeholder
management, partnership

Ability to work together to
optimize potential and achieve
common goals

Entrepreneurial
thinking

Entrepreneurship, innovation,
dynamics, adaptive, responsive,
learning ability

Ability to have creative
thinking, create innovation, and
implement it

Critical Thinking Cognitive, critical skills, data
analytics, problem-solving

Ability to respond fast to recent
changes or challenges
Ability to analyze the problems
and share insight for decision-
making

Digital skills Digital mindset, digital literacy,
technology savvy

Ability to continuously update
with the contemporary digital
technology, understand it, and
use it effectively

Bioinformatics Biotech, tele-pharmacy,
precision medicine

Ability to process the
information for pharmaceutical
industry development

Regulatory
compliance

Regulatory intelligence Ability to constantly update,
understand, and comply with
national and international
regulations

Data ethics Data ethics, data security Ability to protect data and
follow the data ethic of the
public health information

Figure 2. Word cloud of NVivo.
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Sliter, 2015). Previous research did not address the competencies asso-
ciated with the digital age, especially in the Pharma 4.0 era (Anderson
et al., 2010; Liboni et al., 2019). Based on the literature review and
confirming competencies through the Delphi method, the findings indi-
cate that digital skills are the most prioritized skill. The capabilities
involve a basic ability to process information and communication tech-
nology (ICT) (Jarab et al., 2021; Wuri Handayani et al., 2018). ICT is at



Figure 3. Hierarchy chart by nodes from NVivo.
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the core of rapid change in the economy and is the foundation for
innovation. In the Industrial 4.0 era, today’s workplace requires highly
skilled workers faced with increasingly complex and interactive tasks
(Danysz et al., 2019b; Eger and Mahlich, 2014; Sony and Naik, 2019). In
addition to increasing digital capabilities, employees must also prepare
their managerial and technical capabilities (Asbari et al., 2020; Kumar
et al., 2020; Pazireh et al., 2019).

Apart from digital capabilities, entrepreneurial thinking is required to
achieve the aim of Pharma 4.0. Entrepreneurial thinking is required not
only by employers but also by employees (Bissola et al., 2017; Leitch and
Volery, 2017; Mohamad et al., 2019). Entrepreneurial thinking is critical
in the pharmaceutical sector because it enables individuals to develop
products and services collaboratively and rapidly in response to tech-
nological advancements and market conditions (Peschl et al., 2021).
Besides, intrapreneurial thinking is necessary to comprehend the internal
and external environment. Intrapreneurial is a term that refers to the
technique of empowering employees within a business or organization by
analyzing employee ideas and converting them into new profit or com-
mercial opportunities for the business (van Wetten et al., 2020). These
skills must be developed through critical thinking to identify an issue,
unearth pertinent facts and evidence, simplify information, and apply
reasoned logic. Critical thinking abilities have been traditionally seen as
critical for aspiring pharmacists. It is paramount for various reasons,
including the ability to use available resources strategically, be
output-oriented, and be able to examine problems from multiple per-
spectives, and integrate them systemically (Ennis, 2018).

This research led to the development of new talent, namely regula-
tory compliance. The pharmaceutical sector faces numerous obstacles
as it expands. Regulatory issues hinder the pharmaceutical industry
(Jambulingam and Kathuria, 2020). Pharmaceutical items are highly
regulated, and personnel must understand them for the sector to thrive
and innovate (Blind, 2012). Regulatory compliance refers to the ability to
keep abreast of and comprehend changes in the pharmaceutical indus-
try’s legislation and regulations. Additionally, this research demonstrates
that data ethics is one of the most critical abilities in today’s pharma-
ceutical industry (Delpasand et al., 2018). It is a subject of ethics
examining data practices—the collecting, creation, analysis, and
dissemination of structured and unstructured data—that may negatively
impact persons and society. Ethical data usage is critical for innovation,
9

scientific and medical advancement, patient safety, and healthcare
improvement, benefiting individual patients and society. Finally, the
study’s findings have substantial consequences for the concept of
necessary competency profiles. Employees in the pharmaceutical busi-
ness have a high level of technical skills. This research provides technical
expertise and new perspectives on intelligent industrial systems.
5.2. Leveling of Digital Pharma Implementation

This research is the first to explain and improve the application of
digital pharmaceuticals. As a benchmark, this research determined that
the median value for digital implementation is 3.5, and the value below
needs to be improved to enhance the implementation of digital leveling
pharma. The analysis of leveling implementation reveals that most na-
tional pharmaceutical industries are at level 2 (automatization) (mean ¼
4.2) and level 3 (integrated system) (mean ¼ 3.5). Most pharmaceutical
industries automatically transfer to the fully integrated stage between
one process and another at level 3 (see Figure 4). Participants expect that
the pharmaceutical industry in Indonesia can develop digital imple-
mentation at least at level 4 (digital transformation) in the next five
years. Other countries are preparing both technology and human re-
sources to reach level 5 (disease prediction) (Hemanth Kumar et al.,
2020a; Rahaman et al., 2019; Sousa Pinto et al., 2021).

Table 8 shows that the development of bureaucratic simplification is
still required (mean ¼ 3.1). The pharmaceutical industry is closely
related to complex bureaucracy and often changes over time. With this,
the pharmaceutical industry can prepare digital technology in anticipa-
tion of complex bureaucracy. Simplifying testing and production (mean
¼ 3.4) is also sometimes still monitored complicated in the pharmaceu-
tical industry. The sheer number of tests in the production process
sometimes makes the production process slow. The development of
digitalization, automation, and online testing in the control process is an
opportunity for the pharmaceutical industry. Digitization and automa-
tion will have a significant impact with a clear planning process. New
advances in equipment connectivity enable direct transcription of thou-
sands of data points without manual or review data input (Danysz et al.,
2019a; Minero and Augeri, 2018).

Quantitative research results show that the highest level of the
Indonesian pharmaceutical industry is at level 2 and is heading for



Table 7. Measurement tools for digital levelling in pharmaceutical industry.

Digital Levelling Description Var 1 2 3 4 5

Level 1 – Simplification SOP Simplification L1.1 O O O O O

Testing and Production Process Simplification L1.2 O O O O O

Bureaucracy Simplification L1.3 O O O O O

Bio Process (R&D, Production, QA, QC, and Packaging) simplification L1.4 O O O O O

Supply Chain Simplification L1.5 O O O O O

Level 2 – Automatization Self-Operated Production Process L2.1 O O O O O

Process, Environment, and Utility Control Automation L2.2 O O O O O

Automation Testing and Production L2.3 O O O O O

Automation in Regulatory Control L2.4 O O O O O

Automation in Detecting Process Failures (CMA, CPP, and CQA) L2.5 O O O O O

Automation in the Reporting Process L2.6 O O O O O

Automation in Product Research and Development L2.7 O O O O O

Level 3 – Integrated System Integrated Quality Management System L3.1 O O O O O

Supply Chain Track and Trace System L3.2 O O O O O

Integrated Continuous Manufacturing L3.3 O O O O O

Integrated Performance Measurement L3.4 O O O O O

Process and Regulatory Integration L3.5 O O O O O

Level 4 – Digital Transformation Big Data and Genomics in Drug Discovery L4.1 O O O O O

Digitization of Clinical Trial Process such as Virtual Trials L4.2 O O O O O

Use of Connected Devices and Robots in Manufacturing L4.3 O O O O O

Real-Time Regulatory Updates L4.4 O O O O O

Digital Marketing L4.5 O O O O O

AI and Big Data in the Decision-Making Process L4.6 O O O O O

Digital Supply Chain and E-Procurement L4.7 O O O O O

Level 5 – Disease Prediction Prediction of New Disease Discovery that has the potential to become an epidemic or pandemic L5.1 O O O O O

New Drug Discovery Predictions L5.2 O O O O O

Predicted Upcoming Regulatory Developments L5.3 O O O O O

Expected Level Expected Level for Indonesia Pharmaceutical Industry in Next five years EL O O O O O

Table 8. Digital levelling- level 1 result.

Variable L1.1 L1.2 L1.3 L1.4 L1.5 Overall
Mean

Max 4 5 3 5 5

Min 2 1 1 3 3

Mean 4.3 3.4 3.1 4.6 4.5 4

Pearson
Correlation

0.79** 0.76** 0.82** 0.83** 0.69**

Sig 0.00 0.00 0.00 0.00 0.00

Table 9. Digital leveling- level 2 result.

Variable L2.1 L2.2 L2.3 L2.

Max 5 5 5 5

Min 2 3 4 3

Mean 4.2 4.4 4.5 4.1

Pearson Correlation 0.73** 0.71** 0.83** 0.8

Sig 0.00 0.00 0.00 0.0

Table 10. Digital levelling- level 3 result.

Variable L3.1 L3.2 L3.3 L3.4 L3.5 Overall
Mean

Max 4 5 4 4 4

Min 2 3 2 2 1

Mean 3.2 4.2 3.3 3.6 3.1 3.5

Pearson
Correlation

0.69** 0.72** 0.81** 0.83** 0.76**

Sig 0.00 0.00 0.00 0.00 0.00
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development to level 3 (Table 9 and Table 10). To improve the
achievement of level 3, the pharmaceutical industry needs to enhance the
performance of the integrated quality management system (mean¼ 3.2),
integrated continuous manufacturing (mean ¼ 3.3), and process and
regulatory integration (mean ¼ 3.1). The pharmaceutical industry is
determined by specific regulations, compliance, and application to
ensure quality, safety, and efficiency of finished products. Quality man-
agement is necessary to provide customers with excellent product quality
to maintain human health and quality of life (Rantanen and Khinast,
2015). The quality control process must be carried out in the
4 L2.5 L2.6 L.27 Overall Mean

5 5 5

4 3 4

4.6 4.3 3.9 4.2

4** 0.79** 0.79** 0.79**

0 0.00 0.00 0.00
manufacturing process from the beginning, during, and end of the
product. Moreover, the supply and demand for drug needs increased
drastically during the pandemic era (Ajaz et al., 2021). Sustainable
processes are needed in the pharmaceutical industry to produce better
quality products, improve yield, and lower costs and time.

As for levels 4 and 5 (Tables 11 and 12), Figure 5 shows that the
Indonesian pharmaceutical industry needs to improvise many aspects,
including digital transformation and disease prediction. AI and Big Data
have not been done evenly in every international pharmaceutical in-
dustry (Cave, 2020). At this time, the quick and precise discovery of the
drug is indispensable. AI and Big Data can help the pharmaceutical



Table 11. Digital levelling- level 4 result.

Variable L4.1 L4.2 L4.3 L4.4 L4.5 L4.6 L4.7 Overall Mean

Max 4 3 3 4 5 4 5

Min 2 1 1 3 3 1 2

Mean 3.1 2.4 2.3 3.5 4.2 2.7 3.9 3.2

Pearson Correlation 0.73** 0.86** 0.82** 0.73** 0.64** 0.75** 0.84**

Sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 12. Digital levelling- level 5 result.

Variable L5.1 L5.2 L5.3 Overall Mean

Max 2 1 1

Min 1 1 1

Mean 2.1 1 1 1.4

Pearson Correlation 0.74** 0.78** 0.83**

Sig 0.00 0.00 0.00

0.0

1.0

2.0

3.0

4.0

5.0
Level 1

Level 2

Level 3Level 4

Level 5

Digital Pharma Levelling
Current Situa�on Expected Result

Figure 4. Digital pharma levelling in Indonesia.
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industry discover new compounds and develop potential drugs (Greg�orio
and Cavaco, 2020; See et al., 2019). Currently, some countries deal with
the mutations of new viruses, as there are predictions, but their accuracy
remains unknown. Some new diseases must be predicted, so the industry
must be anticipatory.

It agrees with the previous findings, where developing countries
attract attention by showing the potential for digitalization measures for
the manufacturing industry (Kupfer, 2019). First, to be effective requires
more complex capability requirements that will result in the rigorous
learning efforts process. Second, digitalization implementation can be
obtained in the short and long run. It also can mean structural change at
Figure 5. Leveling of digital pharm
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firm, competitive and sectoral levels. Third, the investment cost for the
implementation is continuous technical progress. The only guaranteed
requirement is that the introduction of digital technology in firms re-
quires efforts and capabilities at a level of effectiveness to adopt the
intended solution. Fourth, the investment in digital technology in
developing countries is limited. Hence, the labor force for firms needs to
catch up with the notion of digital technology.

Digitalization technology is strongly related to the Pharma 4.0 prac-
tice. In the current years, it has been proved that the practice can improve
access to medicines for pharmaceutical companies, ensure safety, and
protect the well-being of society (Prikshat et al., 2019). Furthermore, the
Pharma 4.0 practice is cascading within its value chain, including
healthcare providers, pharmacies store, and distributors. The circum-
stances require a company to enhance its technologies, service, and labor
capability to keep up with the current competition of Pharma 4.0. As
mentioned above, implementing Pharma 4.0 activities has constraints for
developing countries, especially Indonesian pharmaceutical companies.
Exploiting new technologies in Pharma 4.0 will facilitate sustainable
value creation, obtaining Indonesian pharmaceutical companies
competitive advantages in the global market.

6. Conclusion

Overall, this study recommends that, first, digital skills are prominent
and highly influential, implemented by smart manufacturing in the
pharmaceutical industry. Other supporting skills, including intrapre-
neurial skills, entrepreneurial thinking, research skills, critical thinking,
regulatory compliance, bioinformatics, and data ethics, are also mapped
to fit the company’s business strategy. Second, the Assessment of digital
implementation aims to identify potential risks, opportunities, and
challenges associated with digitization. Additionally, digital imple-
mentation assessment enables the pharmaceutical industry to address
issues. Third, Indonesia’s pharmaceutical industry is primarily at level 2
(automatization) and is progressing toward level 3 (integrated system). It
is predicted to reach level 4 (digital transformation) in the next five years,
incorporating digital transformation using artificial intelligence (AI), big
data, and the Internet of Things (IoT). The pharmaceutical industry in
Indonesia and other developing countries need to be well-prepared to
achieve the projected future progress. It should be considered that the
path to Pharma 4.0 has been made possible due to rapid digital changes.
The adoption of digital technology can transform business models to-
wards more efficient product quality, shorter waiting times, and
increased flexibility, especially in terms of resource usage. The core of
Pharma 4.0 itself is incorporating and integrating different but
a implementation in Indonesia.
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complementary digital technologies into concurrent systems. In sum-
mary, the research has produced outputs that have value and contributed
to core competency development and digital leveling implementation for
the pharmaceutical industry and government in Indonesia and other
developing countries.

7. Limitation and future research

The findings are robust and important. However, there are some
limitations to be acknowledged. The sample size was relatively small due
to the time constraint in conducting the study, and the respondents were
limited from the top level or senior management in Pharma. The
framework of digital leveling may require additional studies on digital
HR competency practices in pharma companies. Future studies on
Mapping industrial readiness in the application of Pharma 4.0 can be
carried out with a larger sample population.

Declarations

Author contribution statement

N. Nurlaela Arief, Doctor; Aghnia Nadhira Aliya Putri, SSi. Apt.:
Conceived and designed the experiments; Performed the experiments;
Analyzed and interpreted the data; Contributed reagents, materials,
analysis tools or data; Wrote the paper.

Aurik Gustomo, Professor; Mas Rahman Roestan, Doctor; Muthya
Islamiaty, SSi: Conceived and designed the experiments; Performed the
experiments; Analyzed and interpreted the data; Contributed reagents,
materials, analysis tools or data.

Funding statement

This work was supported by ITB [Riset Unggulan ITB, 2021].

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

References

Abel, M.H., 2008. Competencies management and learning organizational memory.
J. Knowl. Manag.

Ajaz, F., Naseem, M., Sharma, S., Shabaz, M., Dhiman, G., 2021. COVID-19: challenges
and its technological solutions using IoT. Current Medical Imaging: Curr. Med. Imag.
Rev. 17.

Al-Haqan, A., Smith, F., Bader, L., Bates, I., 2021. Competency development for
pharmacy: adopting and adapting the global competency framework. Res. Soc. Adm.
Pharm. 17 (4), 771–785.

Alifdini, I., Iskandar, N.A.P., Nugraha, A.W., Sugianto, D.N., Wirasatriya, A.,
Widodo, A.B., 2018. Analysis of ocean waves in 3 sites potential areas for renewable
energy development in Indonesia. Ocean Eng.

Anderson, C., Bates, I., Futter, B., Gal, D., Rouse, M., Whitmarsh, S., 2010. Global
perspectives of pharmacy education and practice. World Med. Health Pol. 2 (1), 4–17.

Asbari, M., Purwanto, A., Maesaroh, S., Hutagalung, D., Mustikasiwi, A., Ong, F.,
Andriyani, Y., Insan Pembangunan, S., Pembangunan, S., Gajahmati, S.N., 2020.
Impact of hard skills, soft skills and organizational culture : lecturer innovation
competencies as mediating. EduPsyCouns: J. Educ., Psychol. Counsel. 2 (Issue 1).

Baines, D., Gahir, I.K., Hussain, A., Khan, A.J., Schneider, P., Hasan, S.S., Babar, Z.U.D.,
2018. A scoping review of the quality and the design of evaluations of mobile health,
telehealth, smart pump and monitoring technologies performed in a pharmacy-
related setting. Front. Pharmacol.

Berdigaliyev, N., Aljofan, M., 2020. An overview of drug discovery and development.
Future Med. Chem. 12 (10), 939–947.
12
BERGER, 2016. Whitepaper Summary: Skill Development for Industry 4.0. Roland Berger
GMBH. BRICS Skill Development Working Group, India Section, pp. 1–50.

Bissola, R., Imperatori, B., Biffi, A., 2017. A rhizomatic learning process to create
collective knowledge in entrepreneurship education: open innovation and
collaboration beyond boundaries. Manag. Learn.

Blind, K., 2012. The influence of regulations on innovation: a quantitative assessment for
OECD countries. Res. Pol. 41 (2), 391–400.

Cave, S., 2020. The problem with intelligence: its value-laden history and the future of AI.
In: AIES 2020 - Proceedings of the AAAI/ACM Conference on AI, Ethics, and Society,
pp. 29–35.

Chatterjee, B., 2020. Pharma 4.0 supply chain: security and data integrity for advanced
therapies. Chim. Oggi/Chem. Today 38 (1).

Chetthamrongchai, P., Jermsittiparsert, K., 2020. The forthcoming revolution of artificial
intelligence and its impacts on pharmacy business in Thailand. Sys. Rev. Pharm. 11
(1), 119–128.

Claps, G.G., Svensson, R.B., Aurum, A., 2015. On the journey to continuous deployment:
technical and social challenges along the way. Inf. Software Technol. 57, 21–31.

Cotet, G.B., Balgiu, B.A., Negrea, V.C.Z., 2017. Assessment Procedure for the Soft Skills
Requested by Industry 4.0. In: MATEC Web of Conferences.

Danysz, K., Cicirello, S., Mingle, E., Assuncao, B., Tetarenko, N., Mockute, R.,
Abatemarco, D., Widdowson, M., Desai, S., 2019a. Artificial intelligence and the
future of the drug safety professional. Drug Saf. 42 (4), 491–497.

Danysz, K., Cicirello, S., Mingle, E., Assuncao, B., Tetarenko, N., Mockute, R.,
Abatemarco, D., Widdowson, M., Desai, S., 2019b. Artificial intelligence and the
future of the drug safety professional. Drug Saf. 42 (4), 491–497 h.

de Campos Martins, F., Simon, A.T., de Campos, R.S., 2020. Supply chain 4.0 challenges.
Gest~ao Produç~ao 27 (3).

Delpasand, K., Kiani, M., Afshar, L., Tavakkoli, S.N., Farshad, S., Shirazi, H., 2018.
Extracting the ethical challenges of pharmacy profession in Iran, a qualitative study.
J. Res. Med. Dent. Sci. 6 (1), 52–58.

Di Fabio, A., 2014. Intrapreneurial self-capital: a new construct for the 21st century.
J. Employ. Counsel. 51 (3), 98–111.

Eger, S., Mahlich, J.C., 2014. Pharmaceutical regulation in Europe and its impact on
corporate R&D. Geogr. Nat. Resour. 4 (1), 1–9.

Ennis, R.H., 2018. Critical thinking across the curriculum: a vision. Topoi 37 (1).
European Commission, Fitsilis, P., Tsoutsa, P., Gerogiannis, V., Costello, B., Costello, B.,

Making, D., Galaske, N., Arndt, A., Friedrich, H., Bettenhausen, K.D., Eka, A.,
Nugraha, P., Wuryandini, E., Wahyuhastuti, N., Adhi, O., Kesiapan, A., Keluarga, B.,
2018a. Skills for industry. Plur. US 3 (December), 130–133.

Fitsilis, P., Tsoutsa, P., Gerogiannis, V., 2018b. Industry 4.0: required personnel
competences. Industry 4.0 3 (3), 130–133.

Flynn, A., 2019. Using artificial intelligence in health-system pharmacy practice: finding
new patterns that matter. Am. J. Health Syst. Pharm. 76 (9), 622–627.

Franco, C., Alfonso-Lizarazo, E., 2017. A structured review of quantitative models of the
pharmaceutical supply chain. Complexity, 2017.

Garay-Rondero, C.L., Martinez-Flores, J.L., Smith, N.R., Caballero Morales, S.O., Aldrette-
Malacara, A., 2019. Digital supply chain model in Industry 4.0. J. Manuf. Technol.
Manag. 31 (5).

García, A.G., Pinto-Carral, A., Villorejo, J.S., Marqu�es-S�anchez, P., 2020. Nurse manager
core competencies: a proposal in the Spanish health system. Int. J. Environ. Res. Publ.
Health 17 (9).

Greg�orio, J., Cavaco, A., 2020. The pharmacists’ guide to the future: are we there yet?
Res. Soc. Admin. Pharm. April.

Gregory, A., Fawkes, J., 2019. A global capability framework: reframing public relations
for a changing world. Publ. Relat. Rev. 45 (3), 101781.

Grzybowska, K., Łupicka, A., 2017. Key competencies for industry 4.0. Econ. Manag.
Innov. (ICEMI) 1 (March 2018), 250–253.

Hammer, C., 2018. Digitisation & industry 4.0 in pharma production. ONdrugDelivery
2018 (83).

Hemanth Kumar, S., Talasila, D., Gowrav, M.P., Gangadharappa, H.V., 2020a.
Adaptations of pharma 4.0 from industry 4.0. Drug Invent. Today 14 (3), 2020.

Hemanth Kumar, S., Talasila, D., Gowrav, M.P., Gangadharappa, H.V., 2020b.
Adaptations of pharma 4.0 from industry 4.0. Drug Invent. Today 14 (3).

Hernawati, A., Nurbayani, S., 2018. The importance of critical thinking to face global
challenges in the era of industry 4.0 through social studies. In: The 3rd International
Seminar on Social Studies and History Education (ISSSHE) 2018, November,
pp. 155–166.

Hilal, A.H., Alabri, S.S., 2013. Using NVivo for data analysis in qualitative research. Int,
interdiscipl. J. Educ. 2 (2), 181–186.

Hock, S.C., Siang, T.K., Wah, C.L., 2021. Continuous manufacturing versus batch
manufacturing: benefits, opportunities and challenges for manufacturers and
regulators. Gen. Biosimilars Initiative J. 10 (1).

Jambulingam, T., Kathuria, R., 2020. Antecedents to buyer-supplier coordination in the
pharmaceutical supply chain. Int. J. Pharmaceut. Healthc. Market. 14 (2).

Jarab, A.S., Al-Qerem, W., Mukattash, T.L., 2021. Career choices of Pharmacy and Pharm
D undergraduates: attitudes and preferences. Heliyon 7 (3).

Kiger, M.E., Varpio, L., 2020. Thematic analysis of qualitative data: AMEE Guide No. 131.
Med. Teach. 42 (8), 846–854.

Kim, K.T., 2019. The structural relationship among digital literacy, learning strategies,
and core competencies among south Korean college students. Educ. Sci. Theor. Pract.
19 (2).

Kumar, S., Suhaib, M., Asjad, M., 2020. Narrowing the barriers to Industry 4.0 practices
through PCA-Fuzzy AHP-K means. J. Adv. Manag. Res.

Kupfer, D., 2019. Inclusive and Sustainable Industrial Development Working Paper Series
A Comparative Analysis on Digitalization in Manufacturing Industries in Selected
Developing Countries : Firm-Level Data on.

http://refhub.elsevier.com/S2405-8440(22)01635-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref35
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref35
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref38
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref38
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref38
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref39
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref39
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref39
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref40
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref40
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref41
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref41
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref42
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref42
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref42
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref43
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref43
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref43
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref44
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref44
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref45
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref45
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref45


N. Nurlaela Arief et al. Heliyon 8 (2022) e10347
Leech, N.L., Onwuegbuzie, A.J., 2011. Beyond constant comparison qualitative data
analysis: using NVivo. Sch. Psychol. Q. 26 (1), 70.

Leitch, C.M., Volery, T., 2017. Entrepreneurial leadership: insights and directions. Int.
Small Bus. J.: Researching Entrepreneurship 35 (2), 147–156.

Liboni, L.B., Cezarino, L.O., Jabbour, C.J.C., Oliveira, B.G., Stefanelli, N.O., 2019. Smart
industry and the pathways to HRM 4.0: implications for SCM. Supply Chain Manag.

Marneros, S., Papageorgiou, G., Efstathiades, A., 2021. Examining the core competencies
for success in the hotel industry: the case of Cyprus. J. Hospit. Leisure Sports Tourism
Educ. 28.

Miles, M.B., Huberman, A.M., 1984. Qualitative Data Analysis: a Sourcebook of New
Methods, p. 263.

Minero, T., Augeri, A., 2018. Pharma 4.0: a new perspective of opportunities and
constraints. Medic 26 (2).

Mitchelmore, S., Rowley, J., 2010. Entrepreneurial competencies: a literature review and
development agenda. Int. J. Entrepreneurial Behav. Res.

Mohamad, A., Hashim, N., Ishak, A.K., 2019. Evaluating the implementation process of
entrepreneurship program in nurturing entrepreneurial thinking among students of
higher learning institutions. J. Adv. Res. Dyn. Control Syst. 11 (5 Special Issue).

Mulder, N., Schwartz, R., Brazas, M.D., Brooksbank, C., Gaeta, B., Morgan, S.L.,
Pauley, M.A., Rosenwald, A., Rustici, G., Sierk, M., Warnow, T., Welch, L., 2018. The
development and application of bioinformatics core competencies to improve
bioinformatics training and education. PLoS Comput. Biol. 14 (2), 1–14.

Nag, R., Corley, K.G., Gioia, D.A., 2007. The intersection of organizational identity,
knowledge, and practice: attempting strategic change via knowledge grafting. Acad.
Manag. J. 50 (4), 821–847.

Nowell, L.S., Norris, J.M., White, D.E., Moules, N.J., 2017. Thematic analysis: striving to
meet the trustworthiness criteria. Int. J. Qual. Methods 16 (1), 1609406917733847.

Paulus, T., Woods, M., Atkins, D.P., Macklin, R., 2017. The discourse of QDAS: reporting
practices of ATLAS. ti and NVivo users with implications for best practices. Int. J. Soc.
Res. Methodol. 20 (1), 35–47.

Pazireh, T., Rahimi, G., Irani, F.N., Bohloul, N., 2019. Model developement for
establishment of smart organizations: case study of the social security organization.
Int. Trans. J. Eng. Manag. Appl. Sci. Technol. 10 (4), 559–565.

Peicheva, D., Milenkova, V., 2017. Knowledge society and digital media literacy:
foundations for social inclusion and realization in Bulgarian context. Calitatea Vietii.

Peschl, H., Deng, C., Larson, N., 2021. Entrepreneurial thinking: a signature pedagogy for
an uncertain 21st century. Int. J. Manag. Educ. 19 (1).

Pirola, F., Cimini, C., Pinto, R., 2020. Digital readiness assessment of Italian SMEs: a case-
study research. J. Manuf. Technol. Manag. 31 (5), 1045–1083.

Prikshat, V., Montague, A., Connell, J., Burgess, J., 2019. Australian graduates’ work
readiness – deficiencies, causes and potential solutions. High. Educ., Skills Work-
Based Learn. 10 (2), 369–386.

Probst, A., Nitzl, C., Kraus, F., F€orstner, R., 2020a. Cost estimation of an asteroid mining
mission using partial least squares structural equation modelling (PLS-SEM). Acta
Astronaut. 167, 440–454.

Probst, A., Nitzl, C., Kraus, F., F€orstner, R., 2020b. Cost estimation of an asteroid mining
mission using partial least squares structural equation modelling (PLS-SEM). Acta
Astronaut. 167, 440–454.

Putri, A.N.A., Arief, N.N., Gustomo, A., Roestam, M.R., 2021. Assessing competency and
sub-competency for pharmaceutical 4.0 – a delphi study. Poli. J. Manag. Stud. 23 (2),
421–436.
13
Rahaman, S., Mohammed, S., Manchanda, T., Mahadik, R., 2019. E-pharm assist: the
future approach for dispensing medicines in smart cities. In: Proceeding of 2019
International Conference on Digitization: Landscaping Artificial Intelligence, ICD
2019, pp. 263–267.

Rantanen, J., Khinast, J., 2015. The future of pharmaceutical manufacturing sciences.
J. Pharm. Sci. 104 (11), 3612–3638.

Samaranayake, P., Ramanathan, K., Laosirihongthong, T., 2018. Implementing Industry
4.0 - A Technological Readiness Perspective. In: IEEE International Conference on
Industrial Engineering and Engineering Management, 2017-Decem,, pp. 529–533.

Schumacher, A., Erol, S., Sihn, W., 2016. A maturity model for assessing industry 4.0
readiness and maturity of manufacturing enterprises. Proc. CIRP.

See, H.Q., Chan, J.N., Ling, S.J., Gan, S.C., Leong, C.O., Mai, C.W., 2019. Advancing
pharmacy service using big data – are we fully utilising the big data’s potential yet?
J. Pharm. Pharm. Sci. 21 (1), 217–221.

Silva, H., Stonier, P., Buhler, F., Deslypere, J., Criscuolo, D., Nell, G., Massud, J., Geary, S.,
Schenk, J., Kerpel-fronius, S., Koski, G., Clemens, N., Klingmann, I., Kesselring, G.,
Olden, R. Van, Dubois, D., 2013. Core competencies for pharmaceutical physicians
and drug development scientists. Front. Pharmacol. 4 (August), 1–8.

Sliter, K.A., 2015. Assessing 21st century skills: competency modeling to the rescue. Ind.
Organ. Psychol.

Smith, S., 2018. 28 Pharma companies using artificial intelligence in drug discovery.
BenchSci 1–14. April.

Sony, M., Naik, S., 2019. Key ingredients for evaluating Industry 4.0 readiness for
organizations: a literature review. Benchmarking 27 (7), 2213–2232.

Sotiriadou, P., Brouwers, J., Le, T.A., 2014. Choosing a qualitative data analysis tool: a
comparison of NVivo and Leximancer. Ann. Leisure Res. 17 (2), 218–234.

Sousa Pinto, G., Hung, M., Okoya, F., Uzman, N., 2021. FIP’s response to the COVID-19
pandemic: global pharmacy rises to the hallenge. Res. Soc. Admin. Pharm. 17 (1),
1929–1933.

Suwannaprom, P., Suttajit, S., Eakanunkul, S., Supapaan, T., Kessomboon, N.,
Udomaksorn, K., Sakulbumrungsil, R., 2020. Development of pharmacy competency
framework for the changing demands of Thailand’s pharmaceutical and health
services. Pharm. Pract. (Granada) 18 (4), 1–11.

Taylor, D., 2016. The pharmaceutical industry and the future of drug development. Issues
Environ. Sci. Technol.

Trollor, J.N., Eagleson, C., Weise, J., McKay, R., 2017. Development and dissemination of
a core competency framework. J. Ment. Health Train., Educ. Pract. 12 (4).

Van den Heuvel, R., Stirling, C., 2017. Pharma Outlook 2030 : from Evolution to
Revolution. A Shift in Focus. Kpmg.

van Wetten, S.J.L., Gerards, R., de Grip, A., 2020. Are graduates’ intrapreneurial skills
optimally used for innovation? Technovation 96, 97.

Vrchota, J., Pech, M., 2019. Readiness of enterprises in Czech Republic to implement
industry 4.0: index of nindustry 4.0. Appl. Sci. (Switzerland).

Wuri Handayani, P., Ayu Meigasari, D., Adriana Pinem, A., Nizar Hidayanto, A.,
Ayuningtyas, D., 2018. Critical success factors for mobile health implementation in
Indonesia. Heliyon 4, 981.

Yin, R.K., 2013. Validity and generalization in future case study evaluations. Evaluation
19 (3), 321–332.

Zhang, L., Mao, S., 2017. Application of quality by design in the current drug
development. Asian J. Pharm. Sci.

http://refhub.elsevier.com/S2405-8440(22)01635-8/sref46
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref46
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref47
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref47
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref47
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref48
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref48
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref49
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref49
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref49
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref50
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref50
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref51
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref51
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref52
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref52
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref53
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref53
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref53
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref54
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref54
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref54
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref54
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref54
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref55
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref55
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref55
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref55
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref56
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref56
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref57
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref57
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref57
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref57
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref58
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref58
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref58
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref58
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref59
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref59
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref60
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref60
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref61
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref61
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref61
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref62
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref62
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref62
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref62
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref62
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref63
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref63
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref63
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref63
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref63
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref64
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref64
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref64
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref64
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref64
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref65
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref65
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref65
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref65
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref65
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref66
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref66
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref66
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref66
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref66
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref67
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref67
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref67
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref68
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref68
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref68
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref68
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref69
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref69
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref70
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref70
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref70
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref70
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref70
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref71
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref71
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref71
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref71
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref71
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref72
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref72
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref73
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref73
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref73
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref74
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref74
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref74
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref75
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref75
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref75
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref76
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref76
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref76
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref76
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref77
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref77
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref77
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref77
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref77
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref78
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref78
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref79
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref79
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref80
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref80
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref81
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref81
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref82
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref82
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref83
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref83
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref83
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref84
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref84
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref84
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref85
http://refhub.elsevier.com/S2405-8440(22)01635-8/sref85

	Pharma 4.0: analysis on core competence and digital levelling implementation in pharmaceutical industry in Indonesia
	1. Introduction
	2. Literature review
	2.1. Pharma 4.0
	2.2. Core competencies
	2.3. Digital Levelling Implementation

	3. Methodology
	3.1. Ethical issues
	3.2. 1st round: experts focus group discussion
	3.3. Semi-structured interview
	3.4. 3rd round: survey
	3.5. Data analysis
	3.5.1. Qualitative data analysis
	3.5.2. Quantitative data analysis

	3.6. Validity and reliability

	4. Results
	4.1. Core competency mapping
	4.2. Levelling of digital implementation pharma 4.0 measurement tools
	4.3. Levelling of digital implementation pharma 4.0 quantitative result

	5. Discussion
	5.1. Pharma 4.0 digital competency
	5.2. Leveling of Digital Pharma Implementation

	6. Conclusion
	7. Limitation and future research
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


