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Abstract
Achieving the United Nations’ Sustainable Development Goals (SDGs) requires environ-
mental, social, and governance (ESG) programs in the pharmaceutical industry. Using 
the Millennium Development Goals, the 2030 agenda aims to transform European Union 
companies toward sustainability. In pharmaceuticals, in particular, ESG programs come 
with complexities such as employee skills, corporate goals, and management expectations. 
Managing these programs effectively requires advanced technologies such as big data ana-
lytics (BDA) and dynamic capabilities (DC). In this study, DC theory is used to develop 
an architecture for managing ESG criteria, focusing on provenance, traceability, and avail-
ability. BDA’s role in ESG programs is explored, along with its use cases and benefits, and 
how DC drives success in ESG implementation. The study examined five pharmaceutical 
companies in Germany, Portugal, and Switzerland, all consulting the same firm for BDA 
systems, to identify the characteristics of effective BDA implementation. The research 
explores how BDA and DC jointly enhance ESG efforts, the essential skills needed, and 
how DC aids in real-time decision-making in BDA projects aligned with ESG standards. 
It highlights the BDA system’s accuracy and effectiveness in managing ESG programs, 
with DC as a pivotal facilitator. Findings reveal BDA’s value in operational efficiency 
and aligning business models with ESG goals, underscoring the need for diverse skills in 
BDA implementation and DC’s importance in integrating various managerial capacities 
into effective strategies. The study promotes a dynamic, data-driven approach in the phar-
maceutical industry for managing complex ESG initiatives. It stresses continuous learn-
ing, adaptation, and integrating technological advances with ethical business practices. 
The research concludes by emphasizing BDA and DC’s vital roles in advocating ethical, 
socially responsible, and environmentally sustainable practices in the pharmaceutical sec-
tor, marrying technology with ethical business strategies.
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1 Introduction

The pharmaceutical industry, a major contributor to global greenhouse gas emissions 
due to its R&D and supply chain operations, is under scrutiny for its environmental, 
social, and governance (ESG) practices. As the industry moves toward a low-carbon 
economy, integrating ESG principles such as reducing emissions, developing sustain-
able medicines, and promoting inclusivity become crucial (Akter et al., 2020; Cao et al., 
2021; Ciampi et al., 2021).

ESG programs hold increasing importance for pharmaceutical companies and Euro-
pean businesses. They ensure compliance with environmental and health regulations, 
crucial in the heavily regulated pharmaceutical sector. Furthermore, ESG criteria are 
becoming a key consideration for investors, enhancing a company’s attractiveness, 
financial performance, and competitive edge in terms of brand equity and social respon-
sibility (Ciampi et al., 2021; Gebhardt et al., 2022).

Regulatory requirements, market expectations, and sustainability challenges all 
require the use of advanced technologies like big data analytics (BDA) and artificial 
intelligence (AI). Integrating, building, and reconfiguring competencies to address 
changing environments require the concept of dynamic capabilities (DC). Technol-
ogy implementation at DC contributes to broader ESG goals, fosters collaboration  
across departments, and facilitates resource allocation efficiently (Mostafiz et al., 2022; 
Pesqueira et al., 2020; Wang et al., 2018a, b).

The complexities of technologies like BDA, combined with AI, are particularly chal-
lenging in pharmaceuticals due to regulatory scrutiny and public expectations. These 
technologies necessitate new organizational and individual competencies in managing 
governance, people, and operational risks (Mikalef et al., 2019; Mostafiz et al., 2022; 
Wang & Wu, 2016).

The synergy between BDA and DC in sustainable healthcare performance and ESG 
program management is emerging but underexplored. While the literature on BDA 
is extensive, its direct connection to enhancing ESG programs in pharmaceuticals is 
limited. BDA literature reflects its transformative potential in drug development, per-
sonalized medicine, and operational efficiency, offering insights into patient care and 
streamlining processes. However, challenges like data quality and the need for skilled 
personnel persist (Bari et al., 2022; Jucevičius & Jucevičienė, 2022; Junaid et al., 2023).

DC literature highlights a firm’s adaptability through internal and external capabili-
ties, crucial for innovation, regulatory compliance, and market responsiveness. Future 
research should focus on the relationship between human capital and DC, aligning 
organizational culture with dynamic strategies, and managing innovation costs. BDA’s 
potential for enhancing DC within ESG programs is evident, particularly in capturing 
real-time consumer data, improving operational efficiency, and optimizing supply chain 
management (SCM). Future research should investigate AI integration with BDA for 
optimizing ESG outcomes (Kähkönen et al., 2023; Kodama, 2018).

Integrating BDA and DC can advance ESG programs in healthcare and pharmaceuti-
cals. While BDA presents transformative possibilities, it also poses challenges.

An investigation of DC’s role in organizational development, business manage-
ment, networking, and leadership is needed. BDA and DC are combined in this study 
to enhance ESG initiatives in the pharmaceutical sector. Through their synergistic 
effects, requisite skills, and roles in BDA implementation, DCs facilitate real-time 
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decision-making and governance. To optimize sustainable and ethical practices in phar-
maceuticals, BDA, DC, and ESG programs are intertwined.

Launched at the end of 2021, the study examines five pharmaceutical companies across 
Germany, Portugal, and Switzerland. It investigates how DC and agile frameworks like 
Scrum can mitigate risks in BDA technology implementation amid operational complexi-
ties and business uncertainty, especially considering some executives’ reservations about 
ESG programs due to high initial costs and limited understanding of their strategic value.

The research underscores the importance of DC frameworks and agile project manage-
ment methods like Scrum in high-impact projects. It contributes to academia by highlight-
ing the interaction between BDA systems and ESG initiatives in the European pharmaceu-
tical industry. The study focuses on integrating BDA and DC within ESG frameworks as a 
key innovation and strategic development area.

This research aims to provide a thorough understanding of the combined use of BDA 
and DC in advancing ESG initiatives, exploring applications, identifying opportuni-
ties and challenges, and emphasizing the intersection of technical expertise and ethical 
considerations.

The study bridges technological capability and ethical responsibility by exploring BDA 
and DC’s potential to drive ESG initiatives. Designed for industry professionals, policy-
makers, and academics, it promotes sustainable and responsible practices in the pharma-
ceutical industry. With its multidimensional approach, this research can be considered a 
pioneering study in addressing the challenges and opportunities of advanced technologies.

2  Literature review

2.1  Big data

The literature review highlights the transformative role of BDA in healthcare and phar-
maceuticals, emphasizing its impact on drug development, patient care, and operational 
efficiency. BDA’s capacity to process large, complex datasets is revolutionizing healthcare 
by identifying patient trends, enabling personalized treatments, and optimizing processes. 
In drug discovery and development, BDA enhances the analysis of extensive datasets, pre-
dicts drug interactions, and expedites clinical trials, thus improving medication safety and 
efficacy (Akter et al., 2020; Cao et al., 2021).

Personalized medicine, a major advancement in healthcare, relies on BDA to tailor 
treatment plans based on patient data, shifting toward proactive healthcare through risk 
prediction and illness prevention. BDA also increases operational efficiency in healthcare 
organizations by optimizing resource allocation and service delivery (Mehta & Pandit, 
2018; Mikalef et al., 2019; Wamba et al., 2020).

Despite its advantages, BDA in healthcare encounters challenges like data quality, the 
integration of diverse data sources, and the necessity for skilled personnel to analyze com-
plex datasets. Future research should address these issues, develop advanced data analytics 
methods, and examine the ethical aspects of data usage in healthcare (Mikalef et al., 2019; 
Mostafiz et al., 2022; Wang & Wu, 2016).

Data security and ethical usage are paramount, given the increasing volume of health-
care data. Healthcare organizations must focus on robust security measures and protocols 
to protect data integrity and ensure its ethical use, including patient consent.
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The concept of big data (BD) in healthcare is evolving, sometimes confusing its rela-
tionship to data science and traditional data management. It includes various data types 
like diagnoses, vital signs, and electronic health records, useful for predicting diseases in 
asymptomatic patients (Mehta & Pandit, 2018).

Big data’s significance in healthcare lies in developing patient-centric outcomes and 
sustainable delivery models, maximizing scientific and clinical advancements. However,  
healthcare systems face challenges in effectively allocating investments in big data. Restric-
tive data privacy laws and consent requirements could impede big data’s full potential in 
research and treatment. BDA strategies are proving beneficial in healthcare decision-making,  
generating savings, fostering innovation, and enhancing research and clinical diagnosis 
efficiency. This trend is evident in healthcare providers and insurance companies dealing 
with increasing data variety and volume (Shahbaz et al., 2020).

In the pharmaceutical industry, advanced BD infrastructures are creating new digital 
platforms and business intelligence ecosystems, leading to innovative business models 
and value creation. BD applications in Pharma are varied, aiding clinical, commercial, 
and market access teams. Utilizing electronic data capture and advanced analytics, such 
as machine learning, enhances activities like targeted promotions and patient outcome 
analysis. The FDA and EMA’s approval of wearable medical devices indicates a growing 
reliance on data collection platforms in pharmaceutical patient engagement. These devices 
improve data reliability, enhancing dataset quality and research results. BDA differs among 
pharmaceutical companies and consultants, with pharmaceutical companies focusing on 
current products and consultancy firms developing new technologies (Wamba et al., 2020; 
Wang & Alexander, 2016; Pesqueira et al., 2020).

The literature review underscores BDA’s significant impact in healthcare and pharma-
ceuticals, focusing on its potential and challenges in data quality, integration, skillset, secu-
rity, and ethical concerns. The evolution of BD and its diverse applications in healthcare 
and pharmaceuticals highlights the ongoing need for innovation and exploration in this 
domain (Wang & Alexander, 2016; Wang et al., 2018a, b).

2.2  Dynamic capabilities

This literature review delves into the role of DC within the healthcare and pharmaceutical 
industry. It highlights their crucial role in enabling companies to adapt and excel in rapidly 
changing environments. The review emphasizes that DC is instrumental for pharmaceuti-
cal companies to navigate evolving business landscapes successfully. DC is essential in the 
healthcare and pharmaceutical sectors for integrating, building, and reconfiguring inter-
nal and external capabilities in response to changing environments. These capabilities are 
vital for maintaining a competitive edge, and responding to market demands, technological 
progress, and regulatory shifts. Effective DC enables companies to innovate, develop new 
products, and strategically position themselves for the future (Bari et al., 2022; Jucevičius 
& Jucevičienė, 2022; Junaid et al., 2023).

In the pharmaceutical industry, DC encompasses innovation in drug development, com-
pliance with healthcare regulations, leveraging technological advancements, and respond-
ing to market shifts. Innovation, a key component of DC, extends beyond research and 
development to navigating complex regulatory environments and managing intellectual 
property. Technologies like BDA have revolutionized drug discovery, facilitating personal-
ized medicine (Kähkönen et al., 2023; Kodama, 2018).
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Adapting to market conditions and complying with regulatory requirements is also 
a part of DC. Companies must address healthcare policies, consumer needs, and global 
health trends, ensuring ongoing regulatory compliance to maintain market access and 
avoid legal issues (Bari et al., 2022).

The literature also notes the importance of DC in SCM, especially highlighted dur-
ing the COVID-19 pandemic. Effective SCM, including managing disruptions, ensuring 
drug supply continuity, and adapting to logistical challenges, is a critical aspect of DC in 
pharmaceuticals. It involves understanding the entire supply chain and responding proac-
tively to changes in customer demand. To meet these challenges, DC must foster strong 
partnerships, employ innovative strategies, and continuously assess risks and opportuni-
ties. Organizational learning and strategic collaboration are crucial for developing and sus-
taining DC, involving learning from past experiences, continuous employee training, and 
knowledge sharing. DC enables market and innovation access through strategic alliances, 
particularly in R&D and market expansion (Liang et al., 2022; Su et al., 2023).

Challenges in DC include aligning organizational culture with dynamic strategies, 
managing innovation costs, and ensuring data security in the digital age. Future research 
should focus on sustainable DC development amid global health challenges and techno-
logical disruptions. DC involves skills for strategic decision-making and swift adaptation 
to environmental changes. Leadership is vital for enabling DC, with leaders responsible for 
identifying capabilities, making strategic commitments, and reconfiguring organizational 
resources. The micro individual DC skills include interpreting environmental changes for 
decision-making and asset reconfiguration (Bari et  al., 2022; Jucevičius & Jucevičienė, 
2022; Junaid et al., 2023).

Collaboration and teamwork are also integral, with DC contributing to sustainability 
and innovation, although the link between social commitment and sustainability is often 
more pronounced than between environmental factors and innovation management.

Despite DC’s popularity, its interpretations vary, leading to ambiguity and criticism. 
The complexity of DC in healthcare and pharmaceutical organizations presents significant 
challenges. A potential research direction is exploring the factors influencing the develop-
ment of humans at a micro-level. Understanding the interplay between human capital and 
DC in healthcare, and integrating individual, collective, and organizational competencies 
in healthcare, could provide valuable insights into adaptive processes and sustainable com-
petitive advantages (Su et al., 2023; Liang et al., 2022).

2.3  Big data analytics in enhancing dynamic capabilities in ESG programs

The integration of BDA within ESG programs in the pharmaceutical industry has become a 
focal point in recent academic research. This literature review aims to synthesize key find-
ings from various studies to elucidate the role of BDA in enhancing DC in these programs, 
drawing on available public data sources and previous responses (Eisenhardt & Martin, 
2000; Jucevičius & Jucevičienė, 2022; Kodama, 2018).

The integration of BDA into ESG programs in the pharmaceutical industry is a signifi-
cant focus of recent academic research. This literature review consolidates various studies to 
clarify BDA’s role in enhancing DC in these programs, utilizing public data sources and prior 
research. BDA’s primary role in the pharmaceutical sector is capturing real-time consumer 
data, crucial for adapting quickly to market changes. This function is essential in healthcare 
analytics for pattern analysis, decision support, and predictive modeling, key components of 
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ESG initiatives. Studies by Wang et al. (2018a, b) and Ciampi et al. (2021) underscore BDA’s 
vital role in healthcare analytics.

Moreover, BDA significantly contributes to managing extensive drug data, facilitating 
innovation and adaptability in the industry. Research by Wang et al. (2018a, b), Akter et al. 
(2020), and Cao et al. (2021) shows how BDA assists in precise pharmaceuticals and enhances 
operational efficiency and profitability.

In SCM, BDA’s impact is also prominent. Research by Du and Jung (2022) and Mikalef 
et al. (2019) demonstrates BDA’s role in improving customer experience in digital market-
places, correlating to enhanced supply chain performance. This adaptability reflects BDA’s 
dynamic applications in SCM under varying environmental conditions.

BDA’s influence on marketing and innovation is another focal area. Studies by Pesqueira 
et al. (2020) and Wang et al. (2018a, b) emphasize BDA’s effects on pharmaceutical, opera-
tions, and sales performance. Then, research by Mikalef et al. (2019) and Ciampi et al. (2021) 
discusses BDA’s facilitation of both radical and incremental innovation.

Transforming data into actionable insights through BDA leads to informed decisions and 
skill enhancement in the industry, contributing to organizational performance in ESG pro-
grams. Chiang et al. (2017) and Pesqueira et al. (2020) explore these benefits, while Junaid 
et al. (2023) and Kähkönen et al. (2023) find that DC, bolstered by BDA, positively influence 
financial performance, with ESG management and BD utilization as moderating factors.

The effectiveness of BDA is influenced by environmental dynamics, organizational culture, 
and technology integration. There is also uncertainty around AI and its synergy with BDA in 
drug development and market analysis, offering potential research opportunities.

BDA significantly impacts healthcare analytics, operational efficiency, customer experi-
ence, marketing, and innovation in the pharmaceutical industry. It enhances DC within ESG 
programs, but its effectiveness varies depending on environmental, cultural, and technological 
factors. Future research should explore the integration of AI with BDA, examining how this 
combination can further enhance ESG programs and DC in the pharmaceutical sector (Linton 
et al., 2007; Mehta & Pandit, 2018; Randhawa et al., 2022).

The following synthesis demonstrates BDA’s multifaceted impact in the pharmaceutical 
industry, linking concepts with relevant studies for comprehensive insight (see Table 1).

Analytics, operations, customer experience, marketing, and innovation in the pharmaceuti-
cal industry can all benefit from BDA. It enhances DC within ESG programs, but its effective-
ness varies depending on environmental, cultural, and technological factors. Future research 
should explore the integration of AI with BDA, examining how this combination can further 
enhance ESG programs and DC in the pharmaceutical sector. Many challenges and future 
directions are identified in BDA literature. BDA is not without its challenges, such as data 
quality, integration difficulties, and skill requirements. Also, the literature on DC emphasizes 
its importance in integrating, building, and reconfiguring internal and external capabilities to 
enable firms to adapt. Innovation, regulatory compliance, and market responsiveness are criti-
cal to DC in healthcare and pharmaceuticals (Rashid & Ratten, 2021; Secinaro et al., 2022; 
Shahbaz et al., 2020; Shujahat et al., 2019).



613Software Quality Journal (2024) 32:607–640 

1 3

Ta
bl

e 
1 

 B
D

A
 in

 e
nh

an
ci

ng
 D

C
 in

 E
SG

 p
ro

gr
am

s k
ey

 c
on

ce
pt

s a
nd

 fi
nd

in
gs

C
on

ce
pt

K
ey

 fi
nd

in
gs

Re
pr

es
en

ta
tiv

e 
stu

di
es

Re
al

-ti
m

e 
da

ta
 a

na
ly

si
s

B
D

A
 c

ap
tu

re
s r

ea
l-t

im
e 

co
ns

um
er

 a
nd

 m
ar

ke
t d

at
a,

 e
ss

en
tia

l f
or

 ti
m

el
y 

de
ci

si
on

-m
ak

in
g 

an
d 

ad
ap

ta
bi

lit
y

Er
ev

el
le

s e
t a

l. 
(2

01
6)

H
ea

lth
ca

re
 A

na
ly

tic
s

B
D

A
 p

ro
vi

de
s a

dv
an

ce
d 

ca
pa

bi
lit

ie
s i

n 
he

al
th

ca
re

 fo
r p

at
te

rn
 a

na
ly

si
s, 

de
ci

si
on

 su
pp

or
t, 

an
d 

pr
ed

ic
tiv

e 
m

od
el

in
g

W
an

g 
et

 a
l. 

(2
01

8a
, b

)

D
ru

g 
da

ta
 m

an
ag

em
en

t
Eff

ec
tiv

e 
m

an
ag

em
en

t o
f e

xt
en

si
ve

 d
ru

g 
da

ta
 th

ro
ug

h 
B

D
A

 e
nh

an
ce

s i
nn

ov
at

io
n 

an
d 

ad
ap

ta
bi

lit
y

W
an

g 
an

d 
A

le
xa

nd
er

 (2
01

6)

O
pe

ra
tio

na
l e

ffi
ci

en
cy

B
D

A
 c

on
tri

bu
te

s t
o 

pr
ec

is
e 

po
si

tio
ni

ng
, t

ar
ge

te
d 

m
ar

ke
tin

g,
 a

nd
 im

pr
ov

ed
 p

ro
fit

ab
ili

ty
W

an
g 

an
d 

W
u 

(2
01

6)
C

us
to

m
er

 e
xp

er
ie

nc
e 

en
ha

nc
em

en
t

B
D

A
 p

la
ys

 a
 c

ru
ci

al
 ro

le
 in

 im
pr

ov
in

g 
cu

sto
m

er
 e

xp
er

ie
nc

e 
in

 d
ig

ita
l m

ar
ke

tp
la

ce
s

A
kt

er
 e

t a
l. 

(2
02

0)
Su

pp
ly

 C
ha

in
 m

an
ag

em
en

t
B

D
A

 im
pr

ov
es

 su
pp

ly
 c

ha
in

 a
gi

lit
y 

an
d 

ad
ap

ta
bi

lit
y,

 e
sp

ec
ia

lly
 u

nd
er

 d
yn

am
ic

 e
nv

iro
nm

en
ta

l 
co

nd
iti

on
s

W
am

ba
 e

t a
l. 

(2
02

0)

M
ar

ke
tin

g 
an

d 
sa

le
s i

m
pa

ct
B

D
A

 si
gn

ifi
ca

nt
ly

 im
pa

ct
s m

ar
ke

tin
g 

str
at

eg
ie

s, 
br

an
d 

m
an

ag
em

en
t, 

an
d 

sa
le

s p
er

fo
rm

an
ce

C
ao

 e
t a

l. 
(2

02
1)

; S
ha

hb
az

 e
t a

l. 
(2

02
0)

In
fo

rm
ed

 d
ec

is
io

n-
m

ak
in

g
B

D
A

 e
na

bl
es

 th
e 

co
nv

er
si

on
 o

f d
at

a 
in

to
 a

ct
io

na
bl

e 
in

si
gh

ts
, l

ea
di

ng
 to

 m
or

e 
in

fo
rm

ed
 b

us
in

es
s 

de
ci

si
on

s
C

hi
an

g 
et

 a
l. 

(2
01

7)

Pr
of

es
si

on
al

 sk
ill

s d
ev

el
op

m
en

t
B

ig
 d

at
a 

te
ch

no
lo

gy
 a

nd
 p

ro
ce

ss
es

 a
re

 in
str

um
en

ta
l i

n 
sk

ill
 a

nd
 c

om
pe

te
nc

y 
de

ve
lo

pm
en

t i
n 

th
e 

he
al

th
ca

re
 a

nd
 p

ha
rm

ac
eu

tic
al

 se
ct

or
s

Pe
sq

ue
ira

 e
t a

l. 
(2

02
0)

Fi
na

nc
ia

l p
er

fo
rm

an
ce

D
yn

am
ic

 c
ap

ab
ili

tie
s, 

in
flu

en
ce

d 
by

 B
D

A
, h

av
e 

a 
po

si
tiv

e 
eff

ec
t o

n 
fin

an
ci

al
 p

er
fo

rm
an

ce
, 

m
od

er
at

ed
 b

y 
ES

G
 m

an
ag

em
en

t
D

u 
an

d 
Ju

ng
 (2

02
2)

In
no

va
tio

n 
en

ha
nc

em
en

t
B

D
A

 in
di

re
ct

ly
 im

pa
ct

s i
nn

ov
at

io
n 

ca
pa

bi
lit

ie
s, 

th
er

eb
y 

str
en

gt
he

ni
ng

 d
yn

am
ic

 c
ap

ab
ili

tie
s

M
ik

al
ef

 e
t a

l. 
(2

01
9)

B
us

in
es

s m
od

el
 in

no
va

tio
n

B
D

A
 c

ap
ab

ili
tie

s p
os

iti
ve

ly
 a

ffe
ct

 b
us

in
es

s m
od

el
 in

no
va

tio
n,

 m
ed

ia
te

d 
by

 e
nt

re
pr

en
eu

ria
l 

or
ie

nt
at

io
n

C
ia

m
pi

 e
t a

l. 
(2

02
1)



614 Software Quality Journal (2024) 32:607–640

1 3

3  Methodological approach

3.1  Development of research method

This research adopts a thorough and structured methodology to investigate the intricate 
dynamics of BDA and ESG integration within the pharmaceutical sector. The findings 
from this multi-case study are anticipated to shed light on the effective integration of BDA 
and related technologies in ESG program management, promoting sustainable and respon-
sible practices in the industry. The study’s methodical approach, coupled with detailed data 
analysis, is designed to significantly contribute to academic knowledge by examining the 
relationship between BDA systems and ESG initiatives in the European pharmaceutical 
sector (Runeson & Höst, 2009; Yin, 2018; Granger & Lee, 1989).

To justify the use of a multi-case study approach for this research, involving five phar-
maceutical companies, the study draws on key insights from the works of Runeson and 
Höst (2009), Granger and Lee (1989), and Yin (2018). These works collectively provide a 
comprehensive framework for conducting case study research in complex, real-world sce-
narios, particularly relevant to multinational corporations and BDA systems.

Runeson and Höst’s guidelines are instrumental in guiding case study research in soft-
ware engineering, closely related to BDA system implementation in pharmaceuticals. 
Their approach underscores the importance of a structured process in formulating research 
questions, selecting cases, collecting data, and analyzing it. This ensures the findings’ reli-
ability and applicability across various organizational contexts, crucial for understanding 
BDA system utilization among pharmaceutical companies.

Therefore, the study aims to develop a framework centered on BDA and BD technolo-
gies to help organizations effectively manage ESG business imperatives. It focuses on refin-
ing control over data sources, provenance, traceability, availability, and data set efficacy.

The research questions guiding this study include (1) examining how BDA and DC col-
lectively enhance ESG initiatives in the pharmaceutical industry, (2) identifying the criti-
cal skills and competencies required for effective BDA implementation in line with ESG 
objectives, and (3) exploring how DCs facilitate real-time adaptation and decision-making 
in BDA projects aligned with ESG standards. Using a multi-case study methodology, the 
study, initiated in late 2021 and concluding in August 2023, aims to create a BDA-infused 
architecture for systematically managing ESG criteria in the pharmaceutical industry. The 
study seeks to understand the synergistic relationship between BDA and DC and their joint 
contribution to the effectiveness and advancement of ESG programs. It explores the mech-
anisms through which BDA and DC interact to optimize ESG outcomes, considering both 
technological and human behavioral aspects (Runeson & Höst, 2009; Yin, 2018; Granger 
& Lee, 1989).

The study also identifies the essential skill sets and competencies necessary for phar-
maceutical professionals to effectively use BDA in support of ESG goals, delving into the 
intersection of domain-specific knowledge, technological expertise, and data governance 
capabilities. Additionally, it focuses on understanding DC’s role in enabling pharmaceuti-
cal companies to rapidly adapt to changing market conditions, regulatory environments, 
and technological advancements, examining DCs’ contribution to organizational agility in 
managing BDA projects aligned with ESG objectives.

The methodology, informed by the frameworks of Runeson and Höst, Lee, and Yin, is 
structured to provide an in-depth understanding of the complex interplay between BDA, 
DC, and ESG programs. The approach of selecting multiple case studies aims to deeply 
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understand the complexity of the research questions and use purposeful sampling of cases 
tailored to the specific study. Hence, this provides various contexts from different organiza-
tions to determine interconnections and answer the research questions in detail. The logic 
behind selecting multiple case studies was to compare more cases to enhance the findings’ 
external validity and generalizability. This allowed the study to investigate BDA imple-
mentation in five companies, where three used the DC framework to manage technological 
implementations.

Therefore, the study utilized a mixed-method approach for data analysis. Quantitative 
data from dashboards and reports were analyzed for trends, patterns, and correlations, 
focusing on resource allocation and ESG performance metrics. Additionally, a question-
naire administered to 18 leaders and decision-makers provided a more granular quantita-
tive understanding of the interviews, enhancing the interpretation of the research ques-
tions. Also, qualitative data from interviews and documents underwent thematic analysis to 
gain insights into operational challenges, strategic ESG management approaches, and the 
impact of BDA on decision-making processes. A cross-case synthesis compared findings 
across the five companies, offering a comprehensive view of BDA implementation in ESG 
programs.

3.2  Sample selection and method reasoning

This research focused on five multinational pharmaceutical companies based in Germany, 
Portugal, and Switzerland. These companies were selected for their diverse geographic 
locations, engagement in ESG-related practices, and the use of BDA technologies. All 
five firms collaborated with the same consulting firm to deploy BDA systems, providing 
insights into the uniformity and variations of BDA applications across different organiza-
tional settings.

The choice of these companies was influenced by their active involvement in ESG prac-
tices, proximity to the research team, relevance in BDA programs in collaboration with 
the consulting company, and the operationalization of BDA technologies. The data collec-
tion process encompassed a range of sources, including internal company documents, ESG 
reports, technical documents, interviews, and evaluations of data visualization dashboards 
for assessing resource distribution and cost-effectiveness in ESG initiatives. Additionally, 
a simple questionnaire was used to gather feedback from stakeholders in the five organiza-
tions, providing quantitative data for analysis.

The study sample consisted of five organizations, two headquartered in Germany, two in 
Portugal, and one in Switzerland. Among these, three were large multinational companies 
with global reach. The German companies had extensive portfolios in Europe, Asia, and 
North America, with the main production site in Germany. The Portuguese companies dif-
fered structurally, with one being a local affiliate of a global pharmaceutical conglomerate 
and the other a medium-sized company headquartered in Lisbon. The Swiss company rep-
resented the European headquarters of a major pharmaceutical group. Three of the compa-
nies had implemented DC as part of their Project Management Office (PMO) and strategic 
operational management.

All companies were involved in various ESG programs and measurements, utilizing the 
same project management framework provided by the consulting firm. Three of these com-
panies exhibited strong executive management involvement in ESG, and four had dedicated 
ESG teams (see Fig. 1).



616 Software Quality Journal (2024) 32:607–640

1 3

The following matrix (Fig. 1) comparing several organizations across different crite-
ria related to BDA and ESG integration within the pharmaceutical sector includes data 
from five different organizations across Germany, Portugal, and Switzerland. It assesses 
these organizations based on several factors, categorized under innovation, ESG score, 
comparison, agile, and executive.

The matrix compares the five organizations across Germany, Portugal, and Switzer-
land on various parameters, grouped under categories such as innovation (development 
and mapping of dynamic capabilities), ESG score (environmental, social, and govern-
ance performance), organizational comparison (employee count, product diversity, and 
financial benchmarks), agile practices (adoption of SAFe Scrum for project manage-
ment), and executive engagement (senior executive involvement and dedicated ESG 
teams). Black dots indicate the fulfillment of a criterion, while white circles suggest its 
absence or irrelevance. The matrix’s purpose is to highlight how these companies utilize 
BDA in their ESG program management, aiming to contribute valuable insights to aca-
demic research on the subject.

This methodology was ideal for investigating complex subjects in depth, allowing 
for an exploration of each company’s unique context, including cultural, regulatory, and 
operational differences, and enabling comparative analysis across various organizational 
and national contexts. This approach was effective for theory building in emerging areas 
like BDA in pharmaceuticals concerning ESG considerations.

The research, which began at the end of 2021, benefited from one of the research-
ers’ close professional involvements with the companies. This proximity facilitated the 
development of a network of contacts necessary for focusing on the selected companies.

Fig. 1  Matrix comparing several organizations across different criteria
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Overall, the multi-case study method was chosen to investigate the problem from differ-
ent perspectives and to gain a deep understanding of the research questions. This method 
was particularly suitable for the pharmaceutical companies involved due to the complex-
ity of the topic and the need for an in-depth exploration of each company’s unique con-
text. It also facilitated comparative analysis and theory building in this emerging field. The 
involvement of the same consulting firm across all companies provided insights into the 
role of external expertise in successfully implementing BDA systems, offering practical 
implications for the pharmaceutical industry and consulting practices.

3.3  Data sourcing

Before initiating the case studies, a detailed list of functional, data, and business require-
ments was compiled to gain clarity on the growing demands for ESG reporting and the 
challenges stakeholders encounter in gathering relevant information and evaluating organi-
zational capabilities.

The ESG considerations in the case studies encompassed a range of categories typically 
seen in global environmental reports, from materials and energy use to waste management, 
environmental compliance, and broader public ESG reporting areas. Risks were divided 
into two categories: risk exposure and risk preparedness. This distinction enabled com-
panies to enhance their ESG scores by demonstrating effective risk management strate-
gies. Additionally, a facet of reputational risk, derived from external sources, was included. 
While quantifying some ESG aspects like  CO2 emissions was straightforward, others, par-
ticularly environmental factors like biodiversity, presented more challenges due to their 
qualitative nature and lack of standardized reporting norms. Evaluation metrics such as 
biodiversity impact reduction and environmental restoration efforts were employed, often 
ranked qualitatively based on their effectiveness.

The study employed both quantitative and qualitative analysis methods. Quantitative 
data from ESG reports and BD systems were examined for trends and correlations, espe-
cially regarding environmental impact and risk management. Qualitative data, including 
interviews and internal documents, underwent thematic analysis to extract insights on 
organizational ESG management strategies, BDA’s role in decision-making, and its inte-
gration into overall business strategy.

The study identified two main areas for execution and operational components. Data 
collection involved gathering intent data from various sources to meet ESG-related met-
rics and requirements, including internal documents, ESG reports, technical documents 
on BDA system deployment, and interviews with key personnel. Data visualization dash-
boards were also evaluated for their effectiveness in optimizing resource allocation and 
improving the cost-efficiency of ESG initiatives.

A significant challenge was collecting and processing data from various departments 
such as manufacturing, SCM, and regulatory affairs, aiming to capture the diverse aspects 
of ESG management within these organizations.

The key areas visualization in Fig. 2 reveals a structured approach to ESG key compo-
nents, which can be useful when developing BDA dashboards. Transparency and account-
ability were fostered through dashboards that track progress, highlight accomplishments, 
and identify areas for improvement.

Environmental aspects focus on climate change, public health protection, and waste 
management, aligning with broader objectives such as the Net-Zero Standard. The 
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integration of these components into analytics dashboards can help in monitoring carbon 
footprint and the effectiveness of sustainable practices in product life cycles.

A social dimension emphasizes diversity, equity, inclusion, and globalization. Pay 
equity and gender representation are essential for ensuring an equitable work environment, 
which drives innovation and employee retention. Inclusion policies can be identified by 
analyzing demographic distributions. Governance in ESG is underscored by ethical busi-
ness practices, product quality and safety, and adherence to laws and regulations. Incor-
porating governance factors into BDA allows for real-time oversight of compliance and 
ethical performance, which is particularly relevant in the highly regulated pharmaceuti-
cal industry. Sustainability Development Goals (SDGs) are evident from the five organi-
zations’ ESG agendas. As part of its sustainable strategy, the company aligns with SDGs 
such as clean energy and infrastructure. In addition, BDA automates data, system integra-
tion, and data governance, as well as tracking contributions to these goals.

These components collectively form a comprehensive ESG framework that can guide 
BDA dashboard development. By using such dashboards, the pharmaceutical company can 
monitor ESG performance effectively and align strategy with global sustainability initia-
tives (Fig. 2).

The data analysis approach was exploratory and descriptive, designed to investigate the 
synergistic relationship between BDA and DC, and their contribution to the efficacy and 
advancement of ESG programs, aiming for sustainable results for future research.

The research focused on understanding the mechanisms by which BDA and DC inter-
act to optimize ESG outcomes, considering technological and human factors. To address 
the first research question, insights and materials were gathered, including developed dash-
boards and discussions with IT data management teams and the consulting company. For 
the second question, interviews with decision-makers and observations from meetings pro-
vided valuable information points. The application of a questionnaire after the interviews 
was crucial in understanding the critical skills and DC components necessary for success-
ful BDA implementation.

To answer the final question, several interviews were conducted, and observations were 
made in various meetings. Meeting notes and minutes were also analyzed to provide com-
prehensive information for assessing the results.

Fig. 2  Key assessment areas, most relevant metrics, and SDGs
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4  Results

4.1  Initial case study comparative and observational analysis

Building on prior sections, this discussion synthesizes key findings, examines their 
alignment with existing research, and highlights this study’s unique contributions. It 
focuses on enhancing ESG programs in the pharmaceutical sector through BDA. This 
section delves into the broad spectrum of topics, analyzing BDA and DC’s roles in 
advancing ESG initiatives.

Our findings span from operational to strategic considerations across various func-
tional areas, based on multiple case studies conducted in five distinct companies. The 
study presents a comprehensive collection of evidence, revealing BDA and DC’s signifi-
cant impact on ESG efforts in these organizations. It highlights not only technological 
factors but also human behavioral aspects and DC’s influence. The results demonstrate 
the accuracy and efficiency of BDA systems in ESG management, especially when aug-
mented with DC, as evidenced by the enhanced outcomes observed in organizations uti-
lizing DC.

BDA’s implementation varied among the five companies, with differing degrees of 
effectiveness in improving operational efficiency and overall program implementation. In  
three of these companies, BDA proved crucial in achieving substantial results, aligning 
with initial expectations and management objectives. These three instances showcased 
BDA’s critical role in refining business models and operations to meet ESG goals.

In these “dynamic organizations,” BDA emerged as an essential tool for information 
management and organizational development, strongly supported by executive manage-
ment from the outset. Notably, in one company (ORG 1), a second project phase involved 
deploying advanced algorithms for efficient data structure identification, aiding in internal 
and external sustainability reporting. This reporting included diverse metrics, such as gen-
der equality, responsible business practices, climate change, and economic inclusion, all 
automated across various functions like production, logistics, human resources, and global 
procurement.

In organization 1, these enhancements significantly improved stakeholder engagement 
comprehension and the use of stakeholder information in shaping firm strategies, practices, 
and external reporting. This bolstered technical expertise among staff and aligned with 
broader ESG goals.

Finally, the intersection of BDA and ESG in the European pharmaceutical context 
is marked by the need for specific skill sets, including decision-making, pharmaceuti-
cal expertise, and data analysis related to patients, healthcare providers, and regulatory 
compliance.

4.2  Cross‑organizational data insights

This study revealed significant outcomes, notably the effectiveness of the DC framework 
and agile methodologies like Scrum in reducing technological implementation risks. It 
examined challenges such as executive engagement deficits and knowledge gaps, high-
lighting DC’s role in fostering resilient ESG analytical tools and competitive edges. Key 
elements like data privacy and industry-specific business model understanding were cru-
cial in all examined organizations. However, effective data governance and processing, 
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distinguishing features of successful BDA implementation, were notable only in organiza-
tions 1, 3, and 5.

Technological skills, including software engineering, programming, and cloud comput-
ing, were indispensable in these organizations. They profoundly impacted SCM, market 
access strategies, and clinical trial oversight. The adoption of Scrum and the Scaled Agile 
Framework (SAFe) effectively aligned software development with organizational goals, 
with DC facilitating a smooth flow of activities and leadership engagement.

Specific skills are crucial for the convergence of BDA, ESG programs, and DC. These 
include domain knowledge, decision-making, pharmaceutical expertise, and data analysis 
relevant to various stakeholders. Skills in data visualization, prescriptive analytics, and 
data mining are equally vital. Competencies in bioinformatics, pharmacovigilance, and 
supply chain functions are imperative, ensuring comprehensive data analysis that aligns 
with both BDA and ESG objectives.

The study identified key data sources for ESG programs in pharmaceuticals, including 
Environmental Compliance Reports, Corporate Social Responsibility (CSR) reports, Sup-
ply Chain Data, Employee Data, Regulatory Compliance Records, Research and Develop-
ment (R&D) data, financial reports, and Stakeholder Engagement Records. These sources 
are essential for assessing environmental impacts, social initiatives, supply chain sustain-
ability, workforce diversity, regulatory adherence, sustainable R&D practices, financial 
performance, and stakeholder interactions.

Discussing compliance frameworks and data management strategies was crucial, 
encompassing GDPR and HIPAA compliance, consent management, patient data anonymi-
zation, and data privacy certifications. These are fundamental for maintaining data integ-
rity and ethical data usage, aligning with broader ESG goals.

DC’s success factors include adaptability to market changes, competitive advantages, 
risk mitigation, resource allocation, and strong alignment with ESG goals. The integra-
tion of DC with agile methods like Scrum is significant for technology absorption and 
operational readiness, aiding in rapid technology integration and iterative BDA project 
refinement.

Product innovation emerged as a key finding, focusing on reducing cycle times, increas-
ing success rates, and ensuring equitable access to medicines. The study also emphasized 
the need for ESG programs to address external factors like affordable access and pricing, 
product quality, and safety.

The final critical finding highlighted the need for strong business ethics in ESG pro-
grams, emphasizing corporate governance, risk management, diversity, equity, inclusion, 
and climate change mitigation. This underlines the importance of promoting long-term 
stakeholder interests and addressing environmental challenges.

4.3  Quantitative analysis of data

This research employed a data analysis approach to investigate the synergistic relation-
ship between BDA and DC, and their collective impact on enhancing ESG programs. The 
primary aim of the quantitative data analysis was to understand how BDA and DC work 
together to improve ESG outcomes. This involved analyzing various insights and materials, 
including developed dashboards and responses from post-interview questionnaires.

For the first research question, insights and materials were gathered from dashboards 
and discussions with IT data management teams. The second question involved a five-
question questionnaire administered after interviews, focusing on critical skills and DC 
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components essential for successful BDA implementation and execution. The final ques-
tion incorporated all previous data collection points, supplemented by qualitative data 
insights.

4.3.1  Dashboards

The dashboards provided comprehensive information, enhancing understanding of soft-
ware development across the organizations. Agile practices were key in identifying neces-
sary resources and competencies, contributing to competitive positioning.

The dashboards covered a wide range of ESG considerations, similar to those in global 
environmental reports, including materials, energy use, waste management, and environ-
mental compliance. Risks were categorized into exposure and preparedness, with addi-
tional emphasis on reputational risk from external sources.

Quantifying certain ESG topics, like  CO2 emissions, was straightforward, but others, 
like biodiversity-related metrics, were more complex due to qualitative aspects and lack of 
standardization. Various evaluation metrics were used, such as biodiversity impact reduc-
tion and environmental restoration initiatives, some of which were qualitatively ranked 
based on effectiveness.

In the evolving eco-innovation landscape of the five companies, several factors like 
organizational culture, strategic outlook, performance metrics, and stakeholder engage-
ment played a significant role. This demanded a comprehensive approach that balanced 
organizational growth and financial stability with sustainability and social responsibility. 
Global collaboration became essential, especially in addressing challenges connected to 
BDA. One dashboard objective was to develop a framework for international supply chain 
activities, enhancing global data-sharing capabilities. Eco-innovation marked a shift in 
business operations, integrating sustainability into core functions.

The visualization in the following figure (see Fig. 3), elucidates a comprehensive ESG 
scorecard for a pharmaceutical company, encapsulating various facets of ESG metrics and 
their integration into BDA for effective monitoring and management.

Fig. 3  ESG scorecard first dashboard page
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Beginning with environmental metrics, energy reduction by month and name is 
depicted, suggesting an emphasis on operational efficiency and sustainability. Such data 
can be instrumental in tracking the effectiveness of energy conservation measures and in  
contributing toward achieving a Net-Zero target.

Through ESG projects, social issues are implicitly addressed, such as community 
engagement, healthcare access, and employee welfare programs. The company’s social 
impact and reporting transparency can be quantified alongside its ESG reporting status.

Using the ESG profitability metric, governance is represented as how ESG initia-
tives affect financial performance. Aligning ethical practices with business success is 
achieved by this integration of financial data and ESG objectives.

Incorporating geographical revenue data from different regions and states, the dash-
board offers a granular view of financial performance, which is vital for assessing mar-
ket penetration and regional compliance with ESG standards.

Also included in the following Fig. 3 is an overview of the number of carbon offsets, 
which reflects the company’s commitment to environmental responsibility.

Then, the developed dashboards encouraged a comprehensive evaluation of the eco-
logical, social, and economic impacts of business operations according to Fig. 4.

Several developed pages entailed the development and implementation of environ-
mentally friendly data views, services, and processes aimed at minimizing resource 
depletion, reducing waste, and lowering operational costs according to Fig. 5.

From a Resource-Based View (RBV), internal competencies were the linchpin for 
achieving a sustained competitive edge. Organizations focused on amplifying their 
unique internal resources and capabilities rather than solely relying on external market 
conditions. However, this necessitated agility in adapting to ever-changing market con-
ditions and consumer preferences (Fig. 6).

Strategy execution transformed as pivotal, guided by RBV principles such as resource 
rarity and non-substitutability. The case studies revealed that companies can leverage a 

Fig. 4  ESG production lost ratios and ESG score
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diverse range of resources—from human capital to tangible assets like medical equip-
ment and intangibles such as patents—to gain a market advantage.

In the broader spectrum of governance, striking a balance among diversity equity rates, 
sustainability, and adaptable governance frameworks was crucial (as Fig. 7).

Governance played a critical role in addressing challenges related to distribution and 
supply chain complexities. Dashboards offered a viable solution for monitoring and report-
ing in this context as presented in Fig. 8.

Adhering to ESG standards was crucial for effective governance, ensuring account-
ability, transparency, and optimal resource allocation. A robust BDA culture reinforced 

Fig. 5  ESG Scorecard executive 
management
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these ESG commitments, significantly enhancing public health outcomes. Environmen-
tal sustainability, particularly in SCM, emerged as a key focus, necessitating strategies 
such as eco-friendly transport, optimized distribution routes, and energy-efficient cold 
chain systems.

Digital transformation became essential for maintaining competitiveness and formed 
a major part of the project’s scope. While sustainability efforts incurred short-term 
costs, their long-term benefits, especially in response to unforeseen challenges, were 
significant. The role of dashboards and BDA in promoting equitable distribution was 

Fig. 6  Resources savings

Fig. 7  Diversity equity analysis dashboard
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clear and undeniable. However, governance within the analyzed companies played a 
crucial role in achieving efficiency, sustainability, and reducing environmental impact.

4.3.2  Questionnaires

The questionnaire in this case study was primarily used to gain a deeper understanding of 
the essential data points relevant to the research questions and to gauge the organizational 
leaders’ perceptions of the performance of BDA and the contribution of DC to the ESG 
program implementation.

Administered in person during the final 30 min of the interview sessions with 18 par-
ticipants, these individuals were strategically chosen based on their organizational roles, 
levels of responsibility, involvement in the ESG program, and expertise in relevant areas. 
This strategic selection aimed to ensure informed and reliable responses from these expert 
participants, whose insights are critical for enhancing group activities’ value and engage-
ment. This approach also mitigated common survey selection biases, such as the “volunteer 
effect.” The personal delivery of the questionnaire, complementing the face-to-face inter-
views, allowed for clarification of points and was preferred for its cost-effectiveness, rapid 
data collection, and convenience, given its brief nature (consisting of only five questions).

The questionnaire’s primary objective was to explore the perceptions of BDA and DC’s 
roles and impacts on the success of ESG programs. It also examined basic data correla-
tions and recommended strategies for adopting BDA technology, with a particular focus 
on DC involvement. The five key research questions addressed the respondents’ roles, their 
views on BDA’s contributions to the program, their satisfaction levels, the criticality of 
BDA techniques and agile methodology, and, if applicable, the influence and importance 
of DC in the program. Responses were collected using a 5-tiered Likert scale, ranging from 
“strongly disagree” to “strongly agree,” to categorize feedback quantitatively. The method-
ology was simple, designed to gather additional data points without being the central focus 
of the investigation.

Fig. 8  ESG governance dashboard
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The distribution of the 18 expert participants was as follows: 61% were Executive 
Directors (11 participants), while Vice Presidents or Senior Vice Presidents (VP/SVP) and 
members of the Executive Management team each constituted 22% and 17%, respectively 
(see Table 2).

The survey revealed a diverse array of professionals, underscoring the significance of 
their roles and leadership in the field. It demonstrated the effective amalgamation of BDA 
within ESG goals, highlighting the efficiency of agile approaches such as Scrum and SAFe. 
These methodologies were further enhanced by the detailed perspectives offered by DC. 
The implementation of DC, especially in involving top-tier executives in pivotal discus-
sions, streamlined data analysis, and expedited agile decision-making processes.

The heat map delineates the correlation coefficients among four key variables: DC 
presence, organization ID, BDA contribution, and satisfaction level (Fig. 9). The varying 
shades of blue and the displayed values in the heat map reflect the magnitude and nature 

Table 2  Academic/professional 
position distribution of the 18 
expert participants

Academic/professional position Number Percent

Executive Director 11 61%
VP/SVP 4 22%
Executive 3 17%
Grand total 18 100%

Fig. 9  DC presence, organization ID, BDA contribution, and satisfaction level
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of these relationships. Correlation coefficients approaching 1 or − 1 indicate a robust posi-
tive or negative correlation, respectively. Conversely, coefficients near 0 suggest a lack of 
correlation. This visual representation, crafted in professional blue hues, is tailored for an 
academic audience.

The box-and-whisker plot depicted here effectively illustrates the distribution patterns of 
three critical variables: BDA contribution, satisfaction level, and DC importance (Fig. 10). 
This type of plot is particularly insightful in its representation of statistical data. The “box”  
portion of the graph encapsulates the interquartile range (IQR), providing a visual sum-
mary of the middle 50% of the data. The median, a key measure of central tendency, is 
marked by a distinct line within the box. Moreover, the “whiskers” of the plot extend 
beyond the box, delineating the full scope of the data distribution, excluding any outliers.  
These outliers are noteworthy for their deviation from the typical range and are indicated as 
individual points on the plot.

This graphical tool serves as an invaluable resource in the realm of data analysis, par-
ticularly within the sphere of ESG programs. It affords researchers and analysts a clear 
understanding of the central tendencies within their datasets, the range of variability of 
each variable, and crucially, the identification of any anomalous data points. The ability to 
discern these outliers is particularly beneficial in ESG contexts, where data-driven insights 
can influence key decisions and strategies.

The study’s outcomes are significant for the pharmaceutical industry, demonstrating the 
benefits of integrating BDA and DC in ESG programs and indicating a shift toward more 
data-driven, agile organizational cultures. Additionally, the focus on developing individual 
capabilities in line with DC principles suggests a trend toward enhancing skills that align 
with organizational strategies.

Fig. 10  BDA contribution, satisfaction level, and DC importance
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A key element of this research was the active involvement of senior leadership and the 
establishment of “Innovation Labs” within the companies. These labs functioned as entre-
preneurial units that integrated ESG goals into business models, encouraging the use of 
DC for identifying and capitalizing on new opportunities. This approach highlighted the 
crucial role of executive management in personnel development aligned with DC, thereby 
increasing organizational adaptability.

4.4  Qualitative observations

The qualitative data analysis approach in this study was designed to be exploratory and 
descriptive, enhancing the sustainability of results for future research. Regarding the first 
research question, insights were gathered through discussions with IT data management 
teams and consulting companies to understand all parameters involved in the assessment. 
For the second question, interviews with decision-makers and observations as passive 
participants in various meetings provided diverse information points. Additionally, post-
interview questionnaires helped understand critical skills and DC components necessary 
for successful BDA implementation.

The final question involved multiple interviews and observations from different meet-
ings, with notes and minutes condensed for analysis and to inform result assessment. Initial 
observations indicated a high demand for technological understanding among engineering 
teams, project sponsors, executive management, and other functions involved in the ESG 
program, such as SCM and HR.

Challenges were noted in collaboration and process management between R&D, clini-
cal development, regulatory affairs teams, and IT departments responsible for BDA imple-
mentation. Disconnection between management and technical teams was evident, particu-
larly in defining data governance, quality assurance parameters, and involved metrics. Over 
eight different functions were engaged in these projects. Notably, one company established 
a center of excellence for DC concepts, which was a cross-functional team responsible for 
all project stages.

For companies not utilizing DC, a clear disconnection was observed between manage-
ment language and technical information systems. Findings also revealed that DC in the 
pharmaceutical industry is crucial for drug development innovation, adapting to healthcare 
regulations, exploiting technological advances, and responding to market changes. Suc-
cessful studies highlighted DC as a key complement to innovation, encompassing research 
and development, regulatory navigation, and intellectual property management. BDA has 
significantly transformed the drug discovery process, enabling personalized medicine and 
improved drug discovery.

Discussions primarily focused on key ESG pillars, with governance being critical in 
establishing ethical standards, transparent decision-making processes, and effective leader-
ship practices to ensure accountability and responsible corporate behavior. Identified risks 
related to governance failures included aggressive tax avoidance, corruption, excessive 
executive pay, and intensive lobbying.

Governance elements discussed included ethical standards, regulatory compliance, 
transparency and accountability, board of directors’ roles, patient safety, and quality assur-
ance (QA). Social responsibility aspects like healthcare access, environmental sustainabil-
ity, and community well-being were also emphasized.

Environmental parameters such as carbon footprint, GHG emissions, renewable 
energy use, and resource management were highlighted, along with social parameters 
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focusing on employee welfare, diversity, supply chain, and community engagement. Gov-
ernance parameters included corporate ethics, transparency, board composition, and risk 
management.

Effective ESG measurement and BDA in Europe require investment in advanced data 
analytics tools, integration of ESG into business strategy, and stakeholder engagement plat-
forms. Reporting should adhere to standardized frameworks like GRI, SASB, and TCFD, 
encompassing both quantitative and qualitative metrics.

The landscape is evolving with regulations, technological advancements, and shifting 
stakeholder expectations. Interviews highlighted the importance of identifying significant 
ESG issues, setting aligned targets, embedding ESG values in organizational culture, and 
partnering with NGOs and industry associations for shared initiatives. Regular, accessible 
ESG reporting, demonstrating both positive results and areas for improvement, is vital for 
transparency and continual progress, enhancing corporate reputation and stakeholder trust.

4.5  Most relevant themes‑specific findings

This study fills a gap in existing research by integrating both technological aspects of 
BDA and theoretical applications of DC within the pharmaceutical industry. A significant 
advancement of this research is the combination of agile principles with DC, enabling stra-
tegic and micro-adjustments for rapid adaptability. This integration was crucial in tailoring 
BDA systems to the demands of ESG programs, with a particular focus on environmental 
performance metrics like climate change and pollution.

The novelty of this study lies in the practical application of DC across various organiza-
tional levels, involving cross-functional teams and aligning strategies from team activities 
to broader organizational goals. This approach ingrained DC principles within the organ-
izational culture, ensuring a comprehensive strategy for implementing complex systems 
that address multifaceted ESG objectives.

This research makes a substantial contribution to the academic field, offering a detailed 
analysis of BDA and DC implementation in ESG programs within the European pharma-
ceutical industry. It provides insights for industry professionals, policymakers, and aca-
demics, highlighting the potential of BDA and DC in promoting sustainable and responsi-
ble practices.

From a data governance perspective, effective data governance was vital, aligning 
with legal requirements and ensuring data integrity for accurate ESG initiative analyses. 
Increased transparency and accountability in data governance enhanced stakeholder trust. 
Strategic alignment of data utilization with ESG goals allowed for agile responses to tech-
nological and regulatory changes, emphasizing data security and privacy.

DC enabled quick adaptation to market changes, providing competitive advantages and 
risk mitigation. It facilitated the absorption of new technologies and methodologies crucial 
for BDA, offering operational capacity for real-time business process reconfiguration to 
meet ESG standards.

Agile principles and environmental performance played a pivotal role, particularly 
in adapting BDA systems to ESG program demands. Practical application of DC across 
organizational hierarchies involved cross-functional teams, including data scientists and 
ESG specialists, in regular Scrum meetings to shape ESG initiatives.

Senior leadership involvement was a key success factor in dynamic organizations, 
actively participating in strategy and review meetings. The creation of “Innovation Labs” 
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and leadership development programs focused on understanding and implementing DC, 
fostering a culture of performance management.

The study also examined systematic software development approaches, with agile 
practices identifying essential resources and competencies for competitive positioning. 
A mixed-method approach was used for data analysis, combining quantitative data from 
dashboards with qualitative insights from interviews and thematic analysis. This compre-
hensive approach provided a detailed view of BDA implementation in ESG programs. The 
study’s iterative design, emphasizing data accountability and regulatory compliance, was 
crucial in exploring BDA in ESG management.

In summary and according to the following Table 3, the study highlights the interplay of 
BDA with ESG goals in the European pharmaceutical sector, focusing on essential skills, 
data management strategies, and the importance of DC for effective implementation.

4.5.1  Technology components

The technological infrastructure common to the participating companies prominently fea-
tured Microsoft technologies for data handling and storage, especially Azure, coupled with 
data visualization tools like Microsoft Power BI. Master Data Management (MDM) plat-
forms, including Informatica and Microsoft Azure, were employed to ensure data reliabil-
ity and integrity.

Azure was chosen for data storage and manipulation, incorporating Azure Data Lake 
Storage and Azure Synapse Analytics for scalable, robust data warehousing. Azure Syn-
apse Analytics’ real-time analytical capabilities play a crucial role in aligning BDA strate-
gies with ESG objectives.

The selection of Azure Data Lake Storage and Azure Synapse Analytics was influenced 
by several factors. Azure Data Lake Storage’s scalability is vital for managing the extensive 
data volumes in the pharmaceutical industry, from clinical study data to patient records. Its 
compliance with regulations like the GDPR, combined with a strong security framework 
providing encryption, access management, and auditing, ensures the security and legality 
of sensitive ESG-related data.

Azure Data Lake Storage’s ability to handle various data formats, including Parquet, 
JSON, and Avro, is crucial given the diversity of data types in the pharmaceutical indus-
try, from structured databases to unstructured medical images and text documents. Inte-
grated Azure analytics services enable seamless analytics, facilitating quick, ESG-aligned 
decisions.

Azure Synapse Analytics provides real-time analytics, merging BDA with data ware-
housing capabilities, essential for timely ESG-related decisions like waste regulation or 
energy conservation. Its serverless data exploration feature in Synapse Studio allows ana-
lysts to review data before full integration into storage, offering early insights into sustain-
ability strategies.

Furthermore, Azure Synapse Analytics offers both on-demand and pre-allocated 
resources, enhancing cost efficiency—a vital aspect considering the often-limited budgets 
of ESG programs. Additionally, the adoption of Scrum and the Scaled Agile Framework 
(SAFe), in conjunction with DC, ensured the seamless integration of software development 
with organizational goals, enhancing performance and operational efficiency.

These technological choices were designed to provide a thorough understanding of how 
a data-centric technology ecosystem can effectively support the intricate requirements of 
ESG programs in the pharmaceutical industry.
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4.5.2  Data Integration, transformation, and governance

The utilization of Azure Synapse Analytics for data integration was discussed, highlight-
ing its compatibility with a variety of data sources, including Customer Relationship 

Table 3  Key categories and collected insights

Category Main concepts and observations

BDA in pharmaceuticals - Revolutionizes customer engagement and operational efficiencies
- Enhances patient experience through personalized treatments
- Improves understanding of patient journeys and treatment pathways

BDA and ESG - Aligns business models and operational use cases with ESG 
objectives

- Crucial for information management and organizational development 
in European pharmaceuticals

Skills required for BDA and ESG - Domain knowledge in pharmaceuticals, data analysis, and regulatory 
compliance

- Data privacy, data visualization, prescriptive analytics, and data 
mining skills

- Proficiency in software engineering, data quality management, and 
cloud computing

Supply chain and market strategies - Management of supply chain, market access strategies, product 
commercialization, and clinical trials

Technical skills - Specialized competencies in bioinformatics, pharmacovigilance, and 
microbiological techniques

- Comprehensive understanding of data related to drugs, molecules, 
and adverse events

Data sources and types - Clinical and claims data, sentiment analysis, market metrics, and 
patient-generated information

- Research and Development (R&D) data, sales metrics, and emerging 
data sources like smartphone apps and patient portals

Importance of mature data models - Foundational for optimizing pharmaceutical operations and ESG 
initiatives

- Enhances data integrity, interoperability, and analytical accuracy
Data governance and compliance - Ensures legal compliance, data integrity, and quality

- Fosters stakeholder trust and strategic alignment with ESG objectives
- Secures patient data privacy and facilitates holistic integration of 

ESG objectives
Data management strategies - Compliance with regulations like GDPR and HIPAA

- Anonymization and pseudonymization techniques for patient data
- Training modules on data privacy and deployment of security tools

DC in BDA - Adaptability to market changes, risk mitigation, and resource 
allocation

- Alignment with ESG goals, operational flexibility, and resource 
reallocation

- Enhanced data security and pre-emptive action for ESG risk 
mitigation

Key highlights - Strengthening senior leadership involvement in ESG initiatives
- Cultivating a culture of innovation and adaptability
- Promoting cross-functional collaboration
- Developing robust data governance frameworks
- Creating sophisticated environmental performance metrics
- Investigating the potential of emerging technologies in ESG 

management
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Management (CRM) systems and social media platforms. This versatility facilitates a com-
prehensive analysis of ESG metrics, covering aspects such as social sentiment, financial 
stability, and operational impacts.

Azure Synapse Analytics also offers advanced data transformation capabilities, includ-
ing data flows for cleansing, aggregation, enrichment, and conversion. These features are 
particularly vital for ESG indicators, which often require the merging of different data 
types within a unified analytical framework.

In terms of governance and compliance, Azure Synapse Analytics and Azure Data Lake 
Storage demonstrate exceptional governance capabilities. These include automated threat 
detection, vulnerability assessments, and data masking, which are crucial for protecting 
data in the highly regulated ESG sector. Consequently, these technologies not only satisfy 
analytical and data storage needs but also provide a secure, scalable framework suitable for 
the dynamic requirements of ESG programs.

For data visualization, Microsoft Power BI was chosen for its ability to create user-
friendly dashboards displaying real-time ESG metrics. Custom Key Performance Indica-
tors (KPIs) were developed for diverse stakeholders, providing actionable insights into sus-
tainability, social impact, and governance standards. Master Data Management (MDM), 
achieved through the integration of Informatica and Microsoft Azure, played a key role in 
ensuring data quality and adherence to strict governance standards.

The technical implementation involved ingesting data from various sources such as clin-
ical trials, ESG reports, and patient records into Azure Data Lake Storage. Azure Data Fac-
tory facilitated Extract, Transform, Load (ETL) processes, aligning the data with GDPR 
and other compliance frameworks. The processed data was then transferred to Azure Syn-
apse Analytics for complex queries vital for effective ESG analysis. Informatica’s MDM 
served as an abstraction layer, ensuring data consistency and governance compliance.

Power BI dashboards, populated with these visual components, provided a dynamic 
interface for decision-making. Additionally, the adoption of agile methodology and 
DevOps (DC) significantly contributed to the successful deployment of these technologies. 
Agile sprints allowed for iterative development and feedback from ESG experts, while 
DevOps enabled organizations to rapidly adapt to changing ESG regulations and market 
trends, keeping Business Data Analytics (BDA) systems both compliant and competitive.

The agile methodology offered numerous advantages in the ESG context. Its flexibility 
catered to the fluctuating nature of ESG metrics and regulations, while Scrum facilitated 
cross-departmental collaboration, essential for informed ESG decision-making. Agile’s 
user-centric approach aligns ESG efforts with stakeholder expectations, and its continu-
ous feedback loops allow for ongoing assessment and realignment of objectives, enhancing 
the effectiveness of ESG initiatives. Agile’s inherent transparency and accountability were 
beneficial, aligning with ESG reporting requirements.

This research elucidated the complex technological and methodological configurations 
optimal for implementing successful ESG programs in the studied companies. A special 
emphasis was placed on leveraging individual DevOps practices for ecological innovation.

4.5.3  Dynamic capabilities and agile principles

The investigation highlighted the crucial role of Individual DC (IDC) in adapting and 
managing resources to meet the dynamic demands of ESG programs. For example, IDC’s 
capabilities were vital in rapidly reallocating resources for enhanced computational power 
required for innovative ESG analyses. These capabilities, deeply embedded with a “learn 
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and adapt” approach, enable smooth integration of new metrics or Key Performance Indi-
cators (KPIs) into existing frameworks.

In the complex pharmaceutical sector, IDC’s strategic roadmap is key for ensuring sus-
tainability and regulatory compliance. It facilitates quick strategic changes and incorpo-
rates risk anticipation and management, essential for governance and risk management in 
ESG metrics. Furthermore, the effective use of BDA in ESG programs, supported by IDC, 
has provided firms with a lasting competitive advantage, helping them exceed governance 
and sustainability goals.

The integration of agile methodologies with IDC has provided companies with the nec-
essary agility and foresight to navigate the ever-changing ESG landscape. This combina-
tion enhances operational resilience and strategic mindset, aligning with evolving ESG 
standards and stakeholder expectations. Our multi-case analysis emphasized the impor-
tance of a robust BDA infrastructure in aligning corporate goals with ESG objectives. 
Technologies like Microsoft Azure and Power BI, alongside Master Data Management 
(MDM) systems such as Informatica, have equipped organizations to leverage data ana-
lytics effectively in ESG decision-making. The synergy between agile methodologies and 
IDC further enhances the adaptability of these systems, highlighting BDA’s critical role in 
the ESG strategies of these enterprises.

The study also revealed how IDC and BDA synergistically enhance the implementation 
of ESG programs. It delved into the transformative potential of Agile and Scrum meth-
odologies in deploying BDA for ESG initiatives. The research encompassed various per-
spectives, including managerial and executive roles, and other organizational capabilities 
essential for implementation.

In today’s technology-driven and socially evolving era, managerial cognitive skills are 
increasingly important. Employees, as agents of change, are expected to seize external 
opportunities and adapt to ongoing changes, particularly in dynamically shifting systems. 
IDC involves the capacity of organizations to assimilate, develop, and reconfigure both 
internal and external resources in response to rapid environmental changes, often demon-
strated by employees innovating and adapting to new regulations and challenges.

Digital health services have introduced patient care beyond traditional interactions, 
requiring specific skills and organizational capabilities. Scaling these services for sustain-
able digital health, however, poses challenges in training and communication. IDC’s rel-
evance in governance, particularly in environmental sustainability and vaccine distribution, 
is significant. It enables companies to implement sustainable initiatives and effective medi-
cation distribution, crucial amid global health, and environmental crises.

Leaders with strong IDC skills enhance organizational performance through strate-
gies like green supply chain practices and renewable energy use. This approach promotes 
proactive strategies, collaboration with eco-friendly logistics providers, and investment  
in energy-efficient technologies, fostering a culture of sustainability and data-driven ESG 
decision-making.

While the study primarily focused on DC’s influence within governance, particularly 
in environmental sustainability and SCM, their role in performance metrics, especially in 
environmental governance and sustainability, is undeniable. The pharmaceutical industry, 
facing increasing sustainability and corporate responsibility pressures, finds BDA’s role in 
ESG programs as a novel approach to managing complexities and meeting diverse stake-
holder expectations.

In ESG initiative deployment, Agile and Scrum methodologies have proven essen-
tial. They provide speed, and a framework for collaboration and communication across 
departments, facilitating effective decision-making. These methodologies also ensure 
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transparency and accountability through incremental progress tracking, enabling cost effi-
ciency by breaking projects into smaller segments for better task prioritization and resource 
allocation. Consequently, these frameworks have transformed ESG compliance from a 
challenging task into a strategic advantage.

The adoption of Agile and Scrum methodologies has provided companies with an effi-
cient, flexible approach to ESG management, allowing them to stay ahead of regulations, 
exceed stakeholder expectations, and transform ESG compliance into a strategic asset.

4.6  Possible implications of the work presented

Our study underscored the vital role of DC in enhancing ESG programs through BDA, 
demonstrating a broad spectrum of applications. DC, encompassing the integration, con-
struction, and reconfiguration of competencies, proves highly effective in various contexts 
observed throughout the study. The three phases—sensing, seizing, and reinforcement—
reveal extensive use cases and potential research avenues.

In environmental scanning, pharmaceutical companies utilize DC to identify emerging 
technologies aligned with ESG goals. For seizing opportunities, these identified technolo-
gies are quickly adopted and integrated into existing ESG strategies. This includes aligning 
new technologies with specific ESG objectives through BDA, ensuring their contribution 
to broader sustainability goals.

Another significant aspect is cross-functional collaboration. Leveraging DC fosters col-
laboration across departments like R&D, IT, and sustainability, ensuring cohesive tech-
nology implementation in line with ESG objectives. Additionally, DC aids in strategi-
cally allocating resources (financial, human, technological) toward promising ESG-related 
technologies.

Further observations connect to adaptability and learning capacity. DC enables compa-
nies to learn from implementation, adjust strategies, and maximize the impact of technol-
ogy on ESG goals. This extends to fostering a culture of innovation and encouraging the 
development of new technologies or innovative applications for ESG initiatives.

Moreover, DC facilitates strategic and compliance monitoring, as well as continuous 
improvement, particularly in adopting technologies like AI and data analytics for effective 
monitoring of ESG regulations and standards.

Overall, the findings suggest DC’s role in enabling organizations to be agile, innovative, 
and strategic in integrating technology with ESG programs, leading to enhanced sustain-
ability, competitive advantage, and stakeholder value creation.

Addressing the research questions:

• How do BDA and DC collectively enhance ESG initiatives in the pharmaceutical 
industry? BDA and DC collaboratively enhance ESG initiatives by providing data-
driven insights for optimizing patient experiences and streamlining operations in line 
with ESG goals. DC is crucial to integrating these insights into actionable strategies, 
fostering agile adaptation to market and regulatory changes. This synergy leads to more 
informed and responsible ESG decision-making, addressing complex challenges in the 
pharmaceutical industry.

• What skills and competencies are essential for effective BDA implementation in align-
ment with ESG objectives in the pharmaceutical sector? Essential skills for effective 
BDA implementation include pharmaceutical domain knowledge, data analysis exper-
tise, regulatory compliance understanding, and data privacy awareness. Technical skills 
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in data visualization, analytics, software engineering, and cloud computing are also 
crucial. These skills ensure that BDA insights are applied effectively, adhering to ethi-
cal, social, and governance standards.

• How does DC facilitate real-time adaptation and decision-making in BDA projects 
aligned with ESG standards in the pharmaceutical industry? DC plays a critical role in 
enabling real-time adaptation and decision-making in BDA projects aligned with ESG 
standards. They allow pharmaceutical companies to quickly assimilate and act on BDA 
insights, responding effectively to market trends, technological advancements, and reg-
ulatory changes. These improvements are key in maintaining the relevance and efficacy 
of ESG programs, promoting continuous improvement and innovation in line with ethi-
cal and sustainable practices.

The integration of BDA and DC is crucial for fostering ethical, socially responsible, and 
environmentally sustainable practices in the pharmaceutical industry. This synergy high-
lights the importance of a dynamic, data-informed approach to managing complex ESG 
initiatives, emphasizing continuous learning, adaptation, and innovation.

5  Conclusions

5.1  Final discussions

The case studies showcased the precision and effectiveness of the proposed BDA system in 
managing ESG programs. These systems satisfy the immediate demands of both BDA and 
ESG applications, proving their practical usefulness. Notable is their adaptability to market 
shifts and the ability to harness data for improved drug development, effective marketing, 
and efficient SCM.

Our research emphasizes the significant contributions of BDA and DC to advancing 
ESG programs within the pharmaceutical industry. It extends beyond mere technology to 
include human behavior and managerial insights (MIDC). The studies provide a detailed 
understanding of critical industry factors, aiding informed decision-making in ESG initia-
tives and highlighting the importance of mature data models and data standards.

BDA and DC integration within pharmaceutical ESG programs are technologically 
sophisticated and attuned to human and organizational dynamics, offering a holistic 
approach to sustainable, ethical business practices. These systems’ real-time application 
highlights their value in the ever-changing pharmaceutical industry. Operationalizing DC 
goes beyond theory, with active application at managerial and executive levels, fostering 
leadership engagement and ensuring thorough ESG program management.

BDA systems are increasingly crucial in pharmaceuticals for their data-driven decision-
making, essential in areas like R&D and waste management. Additionally, integrating DC 
for ecological innovation is vital for sustainable healthcare performance in an ESG context, 
promoting transparency and operational efficiency. However, the application of BDA and 
DC in ESG-centric systems within this sector remains limited, indicating the need for fur-
ther exploration, as identified in our initial findings.

Other findings point to significant demand for support in complex technological initia-
tives like BDA implementation and ESG program development. Organizations emphasized 
the importance of fostering cross-functional collaboration to enhance the understanding 
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and application of BDA and DC in ESG programs, with DC playing a key role in illustrat-
ing organizational vision, strategy, and business development phases.

ESG-related challenges and opportunities were discussed in regular interdisciplinary 
forums and workshops. To evaluate the effectiveness of ESG programs and to monitor 
ongoing performance, consistent assessments, and sprint retrospectives are essential.

Data governance frameworks are critical to managing the ethical implications of BDA 
and ensuring compliance with evolving data privacy laws. It is also crucial to improve envi-
ronmental performance metrics and integrate systems for measuring such performance, 
especially in qualitative and hard-to-standardize areas. As a result, organizations 1 and 
5 excelled in creating universally accepted reporting standards for complex environmen-
tal factors like biodiversity in collaboration with external agencies. To improve BDAs in 
ESG management, organizations are exploring emerging technologies like AI and machine 
learning. Consequently, these organizations can remain relevant and efficient by adapting 
their BDA infrastructure to technological advancements.

5.2  Future recommendations

This research has led to several key recommendations aimed at enhancing the integration 
of BDA and DC in ESG initiatives, extending beyond the pharmaceutical industry to vari-
ous sectors.

A primary recommendation is the wider adoption of BDA and DC in ESG programs 
across the pharmaceutical industry. This involves developing adaptable guidelines and best 
practices for BDA and DC implementation, suitable for different organizational sizes and 
contexts.

Furthermore, there is an emphasis on strengthening agile methodology applications in 
conjunction with DC. This includes promoting ongoing training and development in agile 
methodologies for employees at all levels, as well as exploring the integration of emerging 
agile frameworks that align with the dynamic nature of ESG programs.

Insights from interviews suggest additional recommendations. One is to deepen execu-
tive engagement in ESG initiatives, enhancing senior leadership’s involvement in strate-
gic alignment and resource allocation. This would be supported by leadership develop-
ment programs focused on the integration of BDA, DC, and ESG. Additionally, fostering 
a culture of innovation and adaptability is crucial, encouraging the creation of “Innova-
tion Labs” within organizations to stimulate creative and experimental approaches to ESG 
initiatives.

These recommendations are designed to build on the successful application of BDA and 
DC in ESG programs within the pharmaceutical industry, as highlighted by this research. 
The ongoing development and refinement of these practices are expected to contribute to 
more sustainable, accountable, and effective ESG initiatives. This advancement will not 
only benefit the pharmaceutical sector but also have wider implications for various indus-
tries and society as a whole.

5.3  Conclusions

This paper presents a thorough analysis of the role of BDA and DC in advancing ESG 
programs within the pharmaceutical sector. Conducted between August 2021 and August 
2023, the study utilized a multi-case analysis of five multinational pharmaceutical 
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companies based in Europe. The findings illustrate the profound impact of BDA and DC 
integration on the evolution and efficacy of ESG programs in this industry.

Research on BDA and DC within ESG frameworks within the pharmaceutical indus-
try enriches academic discourse. We advocate a unified, agile approach to managing 
ESG programs for practitioners, policymakers, and scholars. BDA and DC dynamics 
are changing rapidly, especially when it comes to ESG initiatives in other sectors. The 
structured methodology and practical depth of this study establish a benchmark for 
future research, highlighting the potential of BDA and DC in promoting sustainable 
and responsible practices in pharmaceuticals.

A key focus of the study was addressing technological implementation risks using 
the DC framework and Agile methods. There were challenges such as limited executive 
engagement and knowledge gaps. ESG analytical tools are developed with DC, which 
provides competitive advantages. Using agile methodologies such as Scrum and the 
Scaled Agile Framework (SAFe), BDA systems improve software development align-
ment with organizational goals, thereby enhancing performance, operational efficiency, 
and decision-making within ESG programs.

A significant finding is the practical application of DC at managerial and executive  
levels, moving beyond theory to enhance leadership commitment and ensure a com-
prehensive approach to ESG program management. This practical application has 
been instrumental in navigating the complex interactions of technology, processes, and 
human factors.

BDA systems are crucial for adapting to the varied demands of ESG programs thanks 
to a synergistic relationship between agile principles and DC. Environmental perfor-
mance metrics, such as climate change and pollution, are particularly highlighted, 
underscoring the industry’s impact on public health. These aspects should be integrated 
into ESG strategies, both ethically and practically.

The research has multiple implications for the pharmaceutical industry, demonstrat-
ing the effectiveness of a layered, integrated approach to ESG program management. It 
underscores the shift toward data-driven, agile decision-making at the organizational 
level, with a strong focus on innovation labs to continuously meet ESG objectives.

As a result, this study contributes significantly to the academic understanding of 
BDA and DC integration within ESG frameworks. Diverse stakeholders benefit from 
its insights, promoting an agile and cohesive ESG management strategy. In the future, 
future research will examine the long-term effects of BDA and DC on organizational 
performance and sustainability across industries. As a model for improving ESG pro-
grams across different sectors, this study underscores the vital role of BDA and DC.
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