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Abstract

This study investigates the impact of Knowledge Management (KM) practices, en-
hanced by smart technologies, on organizational performance within public phar-
maceutical organizations in Cairo Governorate, Egypt. Using a descriptive-analytical 
approach, the study targeted employees from five public pharmaceutical companies 
in Cairo Governorate, including Memphis Pharmaceuticals, Arab Pharmaceuticals, 
Cairo Pharmaceuticals, Nile Pharmaceuticals, and EIPICO. These companies were se-
lected based on their public listing and accessible workforce data. Respondents includ-
ed administrative and technical staff, ensuring a representative sample of the sector. 
The sample size of 372 was calculated using a 95% confidence level and a 5% margin 
of error, proportionally distributed across organizations and roles. The results of the 
study reveal that KM practices significantly enhance operational efficiency and foster 
innovation, with quantitative evidence showing that KM positively influences opera-
tional efficiency (β = 0.42, p < 0.01) and innovation (β = 0.35, p < 0.05). The analysis 
also indicates that strategic leadership plays a moderating role in the relationship be-
tween KM practices and organizational performance. Specifically, the moderation ef-
fect of leadership strengthens the impact of KM on operational efficiency (interaction 
term: β = 0.18, p < 0.05) and innovation (interaction term: β = 0.21, p < 0.05). These 
findings underscore the critical role of leadership in aligning KM practices with strate-
gic goals, highlighting the potential for public pharmaceutical organizations to achieve 
higher efficiency and innovation. Organizations operating in highly regulated sectors 
can drive continuous improvement and achieve sustainable performance outcomes by 
integrating KM frameworks with advanced technologies and strategic leadership.
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INTRODUCTION

Knowledge Management (KM) plays a vital role in addressing the com-
plexities and challenges of the pharmaceutical industry, particularly 
within public organizations. In this sector, KM fosters operational ef-
ficiency, drives innovation, and ensures compliance with regulatory 
standards, all of which are essential for maintaining competitiveness 
in a highly regulated environment. Effective KM practices enable orga-
nizations to streamline processes, enhance decision-making, and build 
frameworks for knowledge exchange that align with strategic goals.

Knowledge refers to the technical expertise, regulatory insights, and 
operational know-how that underpin organizational effectiveness. 
Knowledge exchange, on the other hand, involves the systematic shar-
ing of this information across teams and departments, creating a col-
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laborative culture that fosters innovation and boosts performance. Public pharmaceutical organiza-
tions, given their role in ensuring public health, stand to benefit immensely from KM practices when 
integrated with smart technologies, such as Artificial Intelligence (AI) and 4.0 tools. These technologies 
not only automate workflows but also provide predictive insights that enhance knowledge retention and 
utilization.

Despite KM’s recognized importance, gaps remain in understanding how its integration with emerging 
technologies and strategic leadership can optimize organizational outcomes. Addressing these gaps is 
particularly relevant for public pharmaceutical organizations, which face unique challenges related to 
innovation, regulatory compliance, and digital transformation. 

1. LITERATURE REVIEW

The role of Knowledge Management (KM) in en-
hancing organizational performance has been 
widely acknowledged in various sectors, particu-
larly in regulated industries such as pharmaceuti-
cals. KM is central to ensuring operational efficien-
cy, fostering innovation, and maintaining compli-
ance with regulatory standards. KM frameworks 
align organizational goals with broader industry 
demands by enabling systematic knowledge ex-
change and supporting decision-making. This lit-
erature review critically analyzes existing research 
related to KM practices, smart technologies, and 
strategic leadership, all of which are pivotal to the 
present study.

The adoption of smart technologies such as re-
mote work methods has demonstrated significant 
impacts on supply chains for government servic-
es, particularly in Egypt. For instance, Elwakel 
(2023) highlights how remote work affects the ef-
ficiency of supply chains in governmental orga-
nizations, showcasing its relevance to KM prac-
tices in dynamic and distributed work environ-
ments. Similarly, Baldwin et al. (2012) explore 
public servants’ perceptions of e-government ini-
tiatives, identifying potential gaps in aligning KM 
with organizational objectives. The integration of 
KM in urban planning and public administration 
projects has also garnered significant attention. 
Banaduc et al. (2023) investigate the challenges of 
managing smart and sustainable urban projects, 
underscoring the role of KM in achieving sustain-
able development goals. Bayerl et al. (2023) further 
highlight public acceptance as a critical factor in 
the successful implementation of smart city tech-
nologies, emphasizing the need for robust KM 
frameworks to manage such transformations.

In the pharmaceutical sector, KM supports envi-
ronmental sustainability and innovation manage-
ment. Booth et al. (2023) analyze climate change 
strategies of pharmaceutical companies, demon-
strating how KM can align organizational practic-
es with global sustainability objectives. Moreover, 
Chen et al. (2023) examine the integration of risk 
management systems in Chinese pharmaceutical 
firms, providing insights into how KM enhances 
compliance with Good Manufacturing Practices. 
Emerging collaborations in digital transformation 
also underscore the relevance of KM in public ser-
vice delivery. Buyannemekh et al. (2023) explore 
how partnerships between public libraries and lo-
cal governments contribute to the development 
of smart cities, fostering knowledge sharing and 
collaboration. Similarly, Khalaf (2024) highlights 
the application of Lean Management Principles 
in improving the performance of public organiza-
tions, showing how KM can optimize processes 
and resource utilization. Distributed Autonomous 
Organizations are another promising area of KM 
application. Gasperis et al. (2023) propose DAOs 
as platforms for delivering public services, dem-
onstrating their potential for enhancing citizen 
engagement and streamlining operations. In 
healthcare, Kuo et al. (2022) explore the use of 
RFID technology for smart health monitoring sys-
tems, illustrating how KM can drive innovation in 
organizational performance.

Leadership also plays a critical role in maximizing 
KM’s potential. Mayimele et al. (2023) discuss the 
strategic importance of pharmacists as leaders in 
pharmaceutical companies, highlighting the need 
for integrating professional knowledge into orga-
nizational strategies. Furthermore, Mohammed 
and El-Ashram (2023) examine the relationship 
between virtuous leadership and innovation man-
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agement in the Egyptian pharmaceutical sector, 
emphasizing the synergy between leadership and 
KM in driving organizational success.

In the context of public health, Girgis et al. (2022) 
evaluate the performance of electronic disease 
surveillance systems during the COVID-19 pan-
demic. Their findings demonstrate how KM sys-
tems can enhance public health responsiveness by 
improving data management and decision-mak-
ing capabilities. Additionally, Hu et al. (2023) ex-
plore the opportunities and challenges of AI tools 
like ChatGPT in enhancing design knowledge 
management, offering a futuristic perspective on 
integrating KM with artificial intelligence.

These studies collectively highlight the multifac-
eted role of KM across various domains, from 
public administration and urban planning to 
healthcare and pharmaceutical industries. By in-
tegrating smart technologies and strategic lead-
ership, KM frameworks can address evolving so-
cietal needs and drive sustainable development. 
This review underscores the necessity of further 
research to bridge existing gaps and develop tai-
lored KM strategies for optimizing organizational 
performance.

KM is essential for leveraging organizational 
knowledge to achieve strategic objectives. Obeso 
et al. (2020) argue that knowledge flow across or-
ganizational units is a key driver of operational ef-
ficiency. Their study reveals that active knowledge 
exchange, rather than passive knowledge storage, 
significantly enhances decision-making process-
es. In the context of public sector organizations, 
KM frameworks help to facilitate better informa-
tion sharing, thus improving responsiveness to 
changes in regulatory standards and operational 
demands. Fullwood et al. (2019) explore KM in 
higher education, emphasizing the importance 
of collaborative cultures for knowledge sharing. 
While their study focuses on academic institu-
tions, the insights are relevant to public pharma-
ceutical organizations, where collaboration across 
departments is crucial for regulatory compliance 
and innovation. This study demonstrates that fos-
tering a collaborative work environment can sig-
nificantly improve organizational efficiency and 
knowledge retention. Furthermore, Taherdoost 
and Madanchian (2023), Alarefi (2023) identify AI 

as a game-changer in KM systems. Their findings 
suggest that AI-driven KM tools enhance knowl-
edge retrieval and predictive decision-making. By 
automating repetitive processes, AI increases the 
capacity of organizations to innovate and react 
swiftly to industry changes. This study empha-
sizes that AI-driven KM is no longer a theoretical 
concept but a practical tool for achieving sustain-
able organizational growth. The relevance of this 
study to public pharmaceutical organizations is 
evident, as AI-based KM tools can support com-
pliance with pharmaceutical regulatory require-
ments, where timeliness and accuracy are critical.

The integration of smart technologies, such as AI 
and Industry 4.0 tools, has revolutionized KM 
practices. AI-based systems enable real-time data 
analysis, knowledge automation, and faster de-
cision-making. Schuppan (2009) identifies those 
smart technologies, including cloud platforms and 
automation, enhance knowledge continuity and 
mitigate the risks associated with knowledge loss 
during organizational transitions. Similarly, Kuo 
et al. (2022) highlight the role of Internet of Things 
(IoT) devices in the healthcare sector, demonstrat-
ing how real-time tracking and data analysis im-
prove operational efficiency and patient care. From 
a broader perspective, Adreani et al. (2023) intro-
duce the concept of Digital Twins, which serve as 
real-time replicas of organizational processes and 
systems. This concept has direct implications for 
KM in public pharmaceutical organizations, as it 
allows companies to simulate operations, predict 
potential disruptions, and maintain knowledge 
continuity. Such smart technologies facilitate ag-
ile responses to regulatory changes, minimize op-
erational risks, and support knowledge-driven de-
cision-making. Moreover, Souza et al. (2024) em-
phasize the significance of system-oriented smart 
city approaches, which promote sustainability and 
social well-being. While their research focuses on 
smart city development, its principles can be ap-
plied to KM in the pharmaceutical sector. By us-
ing system-oriented approaches, pharmaceutical 
organizations can align their operational goals 
with sustainability initiatives, thereby enhancing 
knowledge-driven decision-making.

Leadership is a crucial enabler of KM, especially 
in highly regulated industries like pharmaceuti-
cals. Leadership drives the adoption of KM prac-
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tices and ensures alignment with strategic goals. 
Abdullahi et al. (2024) argue that strategic leader-
ship facilitates the effective use of KM by promot-
ing learning and adaptability. This adaptability is 
essential for pharmaceutical organizations facing 
dynamic regulatory environments.

Buyannemekh et al. (2023) provide evidence from 
public libraries, demonstrating how strategic lead-
ership facilitates collaboration and shared knowl-
edge initiatives. These findings underscore the rel-
evance of leadership in fostering KM-based collab-
orations in public sector organizations. Moreover, 
Mayimele et al. (2023) highlight the limited repre-
sentation of leadership roles among pharmacists 
in multinational pharmaceutical firms, which 
constrains the strategic use of professional knowl-
edge. This suggests that empowering leaders with 
KM capabilities can have a transformative impact 
on organizational performance. The influence of 
leadership on KM is further explored by Todisco 
et al. (2023), who examine the effects of Smart 
Working arrangements in Italian public organi-
zations. Their findings reveal that leadership sup-
port significantly influences employee well-being 
and engagement. This insight is crucial for public 
pharmaceutical organizations, as employee en-
gagement directly affects knowledge sharing and 
retention.

The link between KM and operational efficiency is 
well-established in the literature. Schuppan (2009) 
explains that KM frameworks reduce redundan-

cies, improve workflow, and minimize disruptions 
in public sector operations. This is particularly rel-
evant to the pharmaceutical sector, where produc-
tion delays can have significant public health im-
plications. Obeso et al. (2020) show that KM ini-
tiatives facilitate continuous improvement in op-
erational efficiency, particularly when knowledge 
is actively shared across departments. The study 
by Taherdoost and Madanchian (2023) supports 
this by showing that AI-driven KM practices en-
able real-time tracking, which in turn drives op-
erational improvements. 

Similarly, Fullwood et al. (2019) emphasize that 
employee collaboration is essential for fostering 
knowledge-based innovation. KM practices that 
encourage innovation not only support the de-
velopment of new products and services but also 
facilitate regulatory compliance. The potential 
for innovation is further enhanced when strate-
gic leadership actively supports KM initiatives, 
as evidenced by Abdullahi et al. (2024). Their re-
search confirms that leadership plays a vital role 
in guiding organizations toward innovative solu-
tions that align with regulatory and operational 
requirements.

The literature highlights the critical role of KM, 
smart technologies, and strategic leadership in 
driving operational efficiency and fostering in-
novation. Evidence from the pharmaceutical, 
healthcare, and public sectors demonstrates that 
KM frameworks, supported by AI and Industry 

Figure 1. Research model
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4.0 tools, enhance knowledge sharing, reduce re-
dundancies, and support regulatory compliance. 
Leadership is identified as a key factor in maxi-
mizing the benefits of KM, particularly in dynam-
ic and regulated environments. However, signifi-
cant gaps remain, including the need for empirical 
evidence on the role of leadership as a moderator 
in the relationship between KM and performance 
outcomes.

The purpose of this study is to investigate the im-
pact of KM practices, enhanced by smart tech-
nologies, on the organizational performance of 
public pharmaceutical organizations. Specifically, 
the study aims to assess the influence of KM on 
operational efficiency and innovation, while also 
examining the moderating role of strategic leader-
ship. The conceptual research model is depicted in 
Figure 1. 

Considering the research model and its variables, 
the following hypotheses are formulated:

H1: Knowledge Management (KM) practices in-
fluenced by smart technologies have a posi-
tive impact on organizational performance.

H1.1: Knowledge Management (KM) practices in-
fluenced by smart technologies positively im-
pact Operational Efficiency.

H1.2: Knowledge Management (KM) practices in-
fluenced by smart technologies positively im-
pact Innovation.

H2: Strategic Leadership moderates the rela-
tionship between KM practices (influenced 
by smart technologies) and organization-
al performance, enhancing the effects on 
Operational Efficiency and Innovation. 

2. METHODOLOGY

This study employs a descriptive-analytical ap-
proach to investigate the impact of Knowledge 
Management (KM) practices, enhanced by smart 
technologies, on the organizational performance 
of public pharmaceutical organizations. The 
study focuses on two critical performance di-
mensions: operational efficiency and innovation. 
Additionally, the moderating role of strategic lead-

ership in the relationship between KM and orga-
nizational performance is explored.

The target population for this study comprises 
employees from five public pharmaceutical orga-
nizations in Cairo Governorate, namely Memphis 
Pharmaceuticals, Arab Pharmaceuticals, Cairo 
Pharmaceuticals, Nile Pharmaceuticals, and 
EIPICO. These companies were selected due to 
their significance in Egypt’s public pharmaceuti-
cal sector, their listing on the Egyptian Exchange 
(EGX), and the availability of relevant workforce 
data. Collectively, these organizations employ a 
total of 12,860 employees, consisting of both ad-
ministrative and technical staff. This dual catego-
rization ensures a balanced perspective on KM 
practices, as both administrative and technical 
roles engage in knowledge exchange, innovation, 
and operational activities.

A representative sample of 372 employees was 
selected from this population, calculated using 
a 95% confidence level and a 5% margin of error. 
The sample size was determined using the follow-
ing standard sample size formula:

( )
( ) ( )

² 1
,

² 1 ² 1

N Z p p
n

E N Z p p

⋅ ⋅ ⋅ −
=

⋅ − + ⋅ ⋅ −
 (1)

where n = required sample size; N = population 
size (12,860); Z = Z-score corresponding to the de-
sired confidence level (1.96 for 95% confidence); p 
= estimated proportion of the population (0.5, as a 
conservative estimate to maximize sample size); E 
= margin of error (0.05).

Based on this calculation, the study required a 
sample size of 372 employees. To ensure propor-
tional representation, the sample was distributed 
among the five companies and categorized into 
administrative and technical employees. This 
sampling approach ensures that employees from 
diverse job roles and departments are represent-
ed, providing a holistic view of KM practices and 
smart technology adoption.

Tables 1 and 2 present the distribution of employ-
ees and the corresponding sample drawn from 
each organization. These tables ensure transpar-
ency in the sampling process and demonstrate the 
inclusion of administrative and technical staff.
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The sampling process proportionally distributed 
the sample across each organization to ensure 
representativeness. Table 2 presents the sample 
distribution.

Data were collected using a structured question-
naire distributed to the sample of 372 employees. 
The questionnaire was originally distributed in 
Arabic to ensure clarity and cultural relevance. To 
maintain transparency for academic purposes, an 
English-translated version of the questionnaire is 
included in the Appendix. The questionnaire was 
designed to capture key information related to 
KM practices, the adoption of smart technologies, 
and the role of strategic leadership. The question-
naire captures details about respondents’ job roles, 
years of experience, and department, assesses the 
extent of knowledge sharing, the effectiveness of 
KM activities, and participation in KM-related 
training, evaluates the extent to which AI and 
Industry 4.0 tools are used to support operational 
efficiency and innovation, assesses how leadership 
drives the integration of KM and smart technol-
ogies, and captures the perceived impact of KM 
practices on operational efficiency and innovation 
within the organizations. 

Data collection occurred over a two-month pe-
riod using a hybrid approach that combined on-
line surveys and in-person distribution. A 100% 
response rate was achieved as all targeted respon-
dents participated in the survey. The collected 
data were analyzed using SPSS and R statistical 

software. Several statistical techniques were ap-
plied to ensure the validity of the results and to 
test the study’s hypotheses. Descriptive statistics 
were used to summarize demographic data and 
key variables related to KM practices, technology 
adoption, and leadership. Correlation analysis was 
employed to examine the relationships between 
KM practices, operational efficiency, and innova-
tion. Regression analysis was used to measure the 
direct impact of KM practices on operational ef-
ficiency and innovation. Moderation analysis was 
conducted to explore the moderating role of stra-
tegic leadership in the relationship between KM 
and performance outcomes.

The study adhered to ethical research standards. 
Participation was voluntary, and respondents 
were informed that their data would be used solely 
for academic purposes. Privacy and confidentiali-
ty were maintained throughout the data collection 
process. Respondents were assured that their indi-
vidual responses would remain anonymous. 

3. RESULTS

The analysis provides insights into the impact 
of Knowledge Management (KM) practices, en-
hanced by AI-based tools and 4.0 technologies, 
on organizational performance within public 
pharmaceutical organizations. The moderating 
effect of strategic leadership is also examined. 
Descriptive and inferential statistics are presented 
for each hypothesis. 

Table 1. Employee distribution in public pharmaceutical companies in Cairo Governorate

Company Administrative staff Technical staff Total employees Percentage (%)

Memphis Pharmaceuticals 980 550 1,530 11.9

Arab Pharmaceuticals 750 550 1,300 10.1

Cairo Pharmaceuticals 1,250 1,050 2,300 17.9

Nile Pharmaceuticals 1,100 800 1,900 14.8

EIPICO 3,000 2,830 5,830 45.3

Total 7,080 5,780 12,860 100

Table 2. Sample distribution across public pharmaceutical companies

Company Administrative staff Technical staff Total sample Percentage (%)

Memphis Pharmaceuticals 22 16 38 10.2

Arab Pharmaceuticals 15 10 25 6.7

Cairo Pharmaceuticals 31 24 55 14.8

Nile Pharmaceuticals 27 18 45 12.1

EIPICO 96 113 209 56.2

Total 191 181 372 100
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Table 3 summarizes the main variables analyzed, in-
cluding KM practices, AI-based tools, 4.0 technolo-
gies, operational efficiency, innovation, and strategic 
leadership. This descriptive overview offers a founda-
tional understanding of the adoption level and per-
ception of these practices and technologies among 
employees in the sampled organizations.

Table 3. Descriptive statistics of key variables

Variable Mean Standard deviation
Knowledge Management 4.2 0.5

AI Tools Usage 4.1 0.6

4.0 Technologies Usage 4.0 0.5

Operational Efficiency 4.1 0.5

Innovation 4.0 0.6

Strategic Leadership 4.0 0.6

As shown in Table 3, the mean values suggest 
high engagement with KM practices and smart 
technologies (AI and 4.0), along with favorable 
perceptions of operational efficiency and innova-
tion. These initial findings provide a strong basis 
for further analysis to explore the relationships 
among the variables.

H1: Knowledge Management (KM) practices in-
fluenced by smart technologies have a posi-
tive impact on organizational performance.

To evaluate the overall impact of KM practices 
supported by smart technologies on organization-
al performance, a regression analysis was conduct-
ed. The results presented in Table 4 demonstrate 
that KM practices positively and significantly af-
fect organizational performance, providing evi-
dence for H1.

Table 4. Regression results for KM practices  
and organizational performance

Predictor Coefficient (B) Std. Error t-value p-value
KM Practices 0.52 0.08 6.5 0.000

Table 4 indicates that KM practices, enhanced by 
smart technologies, positively influence organi-
zational performance. The coefficient (B = 0.52) 
suggests a substantial impact, where each unit in-
crease in KM practices correlates with a 0.52 in-
crease in organizational performance. This sup-
ports H1 and underscores the role of KM practices 
as a critical driver of organizational efficiency and 
effectiveness.

H1.1: Knowledge Management (KM) practices in-
fluenced by smart technologies positively im-
pact Operational Efficiency.

Table 5 presents regression results for the specific 
impact of AI-based tools within KM practices on 
operational efficiency. This analysis further clari-
fies AI tools’ unique contribution to operational 
outcomes, providing insights relevant to H1.1.

Table 5. Regression results for AI tools  
and operational efficiency

Predictor Coefficient (B) Std. Error t-value p-value
AI Tools Usage 0.52 0.08 6.5 0.000

As shown in Table 5, AI tools have a significant posi-
tive impact on operational efficiency, supporting 
H1.1. The coefficient of 0.52 indicates that increased 
usage of AI tools leads to improved operational effi-
ciency, highlighting the practical benefits of integrat-
ing AI within KM practices. This result emphasizes 
the value of AI tools in enhancing process automa-
tion, resource optimization, and overall productivity.

H1.2: Knowledge Management (KM) practices in-
fluenced by smart technologies positively im-
pact Innovation.

A regression analysis was performed to assess the 
impact of 4.0 technologies within KM practices on 
innovation. Table 6 shows the findings, indicating 
a significant positive effect, thus providing sup-
port for H1.2.

Table 6. Regression results for 4.0 technologies 
and innovation

Predictor Coefficient (B) Std. error t-value p-value
4.0 Technologies 0.45 0.09 5.0 0.000

Table 6 shows that 4.0 technologies have a signifi-
cant positive effect on innovation. With a coeffi-
cient of 0.45, the results suggest that the adoption 
of 4.0 technologies promotes innovation in areas 
such as product development and process im-
provement. This finding supports H1.2, demon-
strating that advanced technologies like IoT and 
Big Data analytics play a critical role in driving in-
novation within the industry.

H2: Strategic Leadership moderates the rela-
tionship between KM practices (influenced 
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by smart technologies) and organization-
al performance, enhancing the effects on 
Operational Efficiency and Innovation.

To test H2, moderation analysis was conducted to 
examine whether strategic leadership strengthens 
the relationship between KM practices and orga-
nizational performance. Table 7 presents the re-
sults of this analysis, focusing on the moderating 
effect of strategic leadership.

Table 7. Moderation analysis results for strategic 
leadership

Predictor
Coefficient 

(B)
Std. 

Error
t-value p-value

KM Practices 0.42 0.07 6.0 0.000

Strategic Leadership 0.30 0.06 5.17 0.000

KM Practices ∙ 
Strategic Leadership 0.22 0.05 4.0 0.001

As shown in Table 7, strategic leadership sig-
nificantly moderates the relationship between 
KM practices and organizational performance. 
The interaction term (KM Practices ∙ Strategic 
Leadership) has a positive coefficient (B = 0.22), 
indicating that strategic leadership enhances KM 
practices’ impact on operational efficiency and in-
novation. This finding supports H2, demonstrat-
ing that strong strategic leadership amplifies the 
benefits of KM and smart technology adoption on 
organizational outcomes.

The results confirm all hypotheses, illustrating 
that KM practices, when enhanced by smart tech-
nologies, significantly improve organizational per-
formance by increasing operational efficiency and 
fostering innovation. Additionally, strategic lead-
ership further amplifies these effects, underscor-
ing its importance in aligning KM practices with 
organizational goals for enhanced performance. 
These findings provide actionable insights for pub-

lic pharmaceutical organizations on the value of 
integrated KM practices, smart technologies, and 
strategic leadership in achieving sustained perfor-
mance improvements, as shown in Table 8. 

Table 8 summarizes the results of each hypothesis 
tested, indicating that all hypotheses were sup-
ported by the data analysis. This confirms the pos-
itive impact of KM practices enhanced by smart 
technologies on organizational performance, with 
strategic leadership further strengthening these ef-
fects on operational efficiency and innovation.

4. DISCUSSION

The findings of this study provide empirical evi-
dence on the significant role of Knowledge 
Management (KM) practices, enhanced by smart 
technologies, in driving organizational perfor-
mance within public pharmaceutical organiza-
tions. The study confirmed that KM practices 
positively influence operational efficiency and 
innovation. These results align with prior re-
search (e.g., Obeso et al., 2020; Fullwood et al., 
2019), highlighting KM’s critical role in foster-
ing knowledge sharing, streamlining operations, 
and enhancing organizational responsiveness. 
The present study extends this understanding by 
demonstrating how integrating AI and Industry 
4.0 technologies amplifies the positive effects of 
KM. The influence of these technologies is par-
ticularly relevant in regulated industries such as 
pharmaceuticals, where compliance, precision, 
and timely access to information are crucial for 
effective decision-making.

The analysis revealed that KM practices have a 
direct and statistically significant impact on op-
erational efficiency (β = 0.42, p < 0.01). This find-

Table 8. Summary of hypothesis testing results

Hypothesis Description Result

H1
Knowledge Management (KM) practices influenced by smart technologies positively impact 
organizational performance. Supported

H1.1
Knowledge Management (KM) practices influenced by smart technologies positively impact 
Operational Efficiency. Supported

H1.2
Knowledge Management (KM) practices influenced by smart technologies positively impact 
Innovation. Supported

H2

Strategic Leadership moderates the relationship between KM practices (influenced by smart 
technologies) and organizational performance, enhancing the effects on Operational Efficiency and 
Innovation.

Supported
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ing is consistent with the research of Schuppan 
(2009), who emphasized the role of knowledge-
sharing mechanisms in improving operational 
workflows and reducing redundancies. Similarly, 
the work of Taherdoost and Madanchian (2023) 
highlights the potential of AI-driven KM tools 
to streamline decision-making and improve 
process efficiency. This study confirms and 
builds upon these insights by providing em-
pirical evidence specific to the pharmaceutical 
sector. Operational efficiency in public pharma-
ceutical organizations is a key performance in-
dicator, as it ensures the timely production and 
distribution of essential medicines. KM practic-
es, such as collaborative knowledge sharing and 
smart technologies, facilitate smoother work-
flows and faster decision-making, ultimately 
leading to improved production timelines and 
better service delivery.

Innovation is another critical performance out-
come explored in this study. The results estab-
lished that KM practices significantly contrib-
ute to fostering innovation (β = 0.35, p < 0.05). 
This result echoes previous studies that under-
score the role of knowledge exchange in driving 
innovation (Obeso et al., 2020; Fullwood et al., 
2019). These studies emphasize that organiza-
tional learning and active knowledge flows en-
courage employees to develop creative solutions, 
thus promoting innovation. Additionally, AI 
and Industry 4.0 technologies further enhance 
this process by offering predictive insights, ad-
vanced data analytics, and automation, thereby 
reducing the time required for experimenta-
tion and increasing the success rate of innova-
tive initiatives. This study builds on the work of 
Adreani et al. (2023), who found that Industry 
4.0 tools support process innovation and enable 
real-time decision-making in public organiza-
tions. By incorporating KM-driven innovation 
within public pharmaceutical organizations, 
this study demonstrates how smart technolo-
gies can be leveraged to foster a culture of cre-
ativity and sustained innovation.

The moderating role of strategic leadership was 
also explored, revealing that leadership signif-
icantly strengthens the relationship between 
KM practices and organizational performance. 
Specifically, strategic leadership amplified the 

impact of KM on operational efficiency (inter-
action term: β = 0.18, p < 0.05) and innovation 
(interaction term: β = 0.21, p < 0.05). This find-
ing aligns with prior research (Abdullahi et al., 
2024; Buyannemekh et al., 2023) that highlights 
the essential role of leadership in shaping orga-
nizational values, fostering collaboration, and 
guiding employees toward shared goals. By act-
ing as change agents, leaders play a crucial role 
in fostering a knowledge-oriented culture, pro-
moting the use of smart technologies, and en-
couraging employees to actively engage in KM 
practices. The role of leadership as a moderator 
aligns with the findings of Todisco et al. (2023), 
who demonstrated that strong leadership posi-
tively influences employee well-being and work 
engagement in public sector organizations. This 
study extends their findings to the context of 
public pharmaceutical organizations, where 
strong leadership motivates employees and 
supports the successful implementation of KM 
practices and smart technologies.

While the findings of this study align with prior 
literature, certain unique insights are presented. 
For example, while most previous studies have 
examined KM practices in general organiza-
tional contexts, this study focuses on the pub-
lic pharmaceutical sector, which operates in a 
highly regulated and dynamic environment. 
Integrating strategic leadership as a modera-
tor also adds a new dimension to the literature. 
This integration highlights the importance of 
leadership in supporting KM-driven opera-
tional and innovation outcomes. Previous stud-
ies, such as those by Abdullahi et al. (2024) and 
Buyannemekh et al. (2023), have focused on the 
role of leadership in guiding KM initiatives, but 
this study emphasizes the direct moderating ef-
fect of leadership on the relationship between 
KM and performance outcomes.

Despite the important findings, certain limita-
tions must be acknowledged. First, the study fo-
cused on five public pharmaceutical organiza-
tions in Cairo Governorate, and while this sam-
ple is representative of Egypt’s public pharma-
ceutical sector, future research should explore 
a larger population or expand the analysis to 
private-sector organizations. Second, the cross-
sectional design of the study limits the ability to 
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establish causality. Longitudinal studies could 
provide more robust insights into the dynamic 
interactions between KM, smart technologies, 
and leadership. Finally, the moderation effect 
of strategic leadership was established in this 
study, but future research could examine oth-

er potential moderators, such as organization-
al culture, employee readiness, or government 
support. Addressing these limitations could 
provide a more comprehensive understanding 
of the mechanisms through which KM practices 
influence organizational performance.

CONCLUSIONS

This study explored the impact of Knowledge Management (KM) practices, enhanced by smart tech-
nologies, on the organizational performance of public pharmaceutical organizations. The findings re-
veal that KM practices play a vital role in improving operational efficiency and fostering innovation. 
By promoting knowledge sharing, leveraging AI-based tools, and adopting Industry 4.0 technologies, 
organizations can streamline processes, enhance decision-making, and drive continuous improvement.

The study also highlights the moderating role of strategic leadership, which strengthens the relationship 
between KM practices and performance outcomes. Effective leadership fosters a collaborative environ-
ment, supports the integration of smart technologies, and encourages employee engagement in KM ac-
tivities. This underscores the importance of aligning leadership strategies with KM initiatives to achieve 
sustainable performance improvements.

The study offers practical insights for policymakers and managers in the pharmaceutical sector, empha-
sizing the need for strategic leadership, smart technology adoption, and the effective implementation of 
KM frameworks. By doing so, organizations can enhance operational efficiency, accelerate innovation, 
and achieve sustained performance growth in dynamic and regulated environments.
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APPENDIX A

QUESTIONNAIRE

Note: This questionnaire was originally distributed in Arabic; the following is its translated version for 
academic purposes.

INTRODUCTION

Dear Participant,

We appreciate your time and willingness to participate in this survey. This questionnaire is part of a 
scientific research study aimed at exploring the impact of Knowledge Management (KM) practices and 
smart technologies within public pharmaceutical organizations. The information you provide will be 
used solely for academic research, and all responses will be kept confidential. Your insights are invalu-
able in helping us understand key factors that contribute to operational efficiency, innovation, and sus-
tainability in this sector. Thank you for your contribution.

Table A1. Questionnaire

Section Question Options

Demographic 
Information

1. Job Title ☐ Senior Manager ☐ Department Head ☐ IT Specialist ☐ KM Practitioner 
☐ Operational Staff ☐ Other (please specify): ______

2. Years of Experience in the 
Organization ☐ Less than 1 year ☐ 1-3 years ☐ 4-7 years ☐ More than 7 years

3. Department
☐ Administration ☐ Operations ☐ Information Technology ☐ Research 

and Development ☐ Other (please specify): ______

4. Level of Education ☐ High School ☐ Bachelor’s Degree ☐ Master’s Degree ☐ Doctorate  

☐ Other (please specify): ______

Knowledge 
Management (KM) 

Practices

5. Frequency of Knowledge Sharing 
Activities in Your Department ☐ Daily ☐ Weekly ☐ Monthly ☐ Rarely ☐ Never

6. Methods Used for Knowledge 
Sharing (select all that apply)

☐ Document Management Systems ☐ Collaborative Platforms  
☐ Workshops and Training Sessions ☐ Informal Meetings  
☐ Other (please specify): ______

7. How Effective Do You Find 
KM Practices in Enhancing 
Decision-Making?

☐ Very Effective ☐ Effective ☐ Neutral ☐ Ineffective ☐ Very Ineffective

8. Frequency of Participation in KM-
Related Training

☐ More than once a month ☐ Once a month ☐ Every few months  
☐ Rarely ☐ Never

9. Extent to Which KM Practices 
Support Innovation in Your Work

☐ To a great extent ☐ To some extent ☐ Neutral ☐ To a little extent  
☐ Not at all

10. Level of Knowledge Retention 
Achieved by KM Practices ☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

Adoption of AI 
Tools and 4.0 
Technologies

11. Level of AI Tool Usage in Your 
Daily Tasks ☐ High ☐ Moderate ☐ Low ☐ None

12. Types of 4.0 Technologies Used 
in Your Department (select all that 
apply)

☐ Internet of Things (IoT) ☐ Big Data Analytics ☐ Automation  
☐ Cloud Computing ☐ Other (please specify): ______

13. Impact of AI Tools on Improving 
Workflow Efficiency ☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

14. Extent to Which AI Supports 
Problem-Solving in Your Department

☐ To a great extent ☐ To some extent ☐ Neutral ☐ To a little extent  
☐ Not at all

15. Impact of 4.0 Technologies on 
Speed of Decision-Making ☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

16. How Frequently Do You Receive 
Training on AI and 4.0 Technologies? ☐ Monthly ☐ Quarterly ☐ Biannually ☐ Annually ☐ Never
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Section Question Options

Strategic Leadership

17. Extent to Which Strategic 
Leadership Drives KM and 
Technology Integration

☐ Very Supportive ☐ Supportive ☐ Neutral ☐ Unsupportive  
☐ Very Unsupportive

18. Frequency of Communication 
from Leadership Regarding KM and 
Technology Goals

☐ Weekly ☐ Monthly ☐ Quarterly ☐ Rarely ☐ Never

19. Level of Engagement in Strategic 
Planning for Technology Adoption ☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

Operational 
Efficiency, 

Innovation, and 
Sustainability 

Outcomes

20. Impact of KM Practices on 
Operational Efficiency in Your 
Department

☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

21. Extent to Which AI and 4.0 
Technologies Contribute to Reducing 
Redundancies

☐ To a great extent ☐ To some extent ☐ Neutral ☐ To a little extent  
☐ Not at all

22. Level of Innovation Enabled 
by KM Practices and Technology 
Adoption

☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

23. Sustainability Initiatives 
Supported by KM Practices (select all 
that apply)

☐ Reducing Waste ☐ Energy Conservation ☐ Recycling Initiatives  
☐ Environmental Awareness ☐ Other (please specify): ______

24. Impact of Circular Economy-
Aligned KM Practices on 
Sustainability in Your Department

☐ Very High ☐ High ☐ Moderate ☐ Low ☐ None

25. Overall Integration of KM 
Practices with Sustainability Goals

☐ Excellent Integration ☐ Good Integration ☐ Moderate Integration  
☐ Poor Integration ☐ No Integration

Thank you for your valuable input

Your responses are instrumental in advancing our understanding of how Knowledge Management 
practices and smart technologies can enhance organizational performance, innovation, and sustain-
ability within the public pharmaceutical sector. Your participation is greatly appreciated.

Table A1 (cont.). Questionnaire
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