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THE ROLE OF TECHNOLOGY
MANAGEMENT AND REAL-TIME
PRODUCTION CONTROL

IN ENHANCING ENVIRONMENT

AND ECONOMICS PERFORMANCE

IN DRUG AND MEDICAL
APPLIANCES INDUSTRY:
A CASE STUDY OF NINEVEH, IRAQ

Abstract

This study tests the role of technology management and real-time production control
in relation to perceived environmental and economic performance in the pharmaceu-
tical and medical device industry in Nineveh, Iraq. It aims to explore the associations
between technology management and perceived performance outcomes, real-time
production control and perceived performance outcomes, and the statistical mediating
role of real-time production control in the relationship between technology manage-
ment and perceived performance outcomes. The study used a quantitative cross-sec-
tional design, and data were gathered using a structured questionnaire administered
to 280 managers, engineers, and technical supervisors. The hypotheses were tested
using structural equation modeling (SEM). The results showed that technology man-
agement was positively associated with real-time production control (f = 0.527, p <
0.001), perceived environmental performance ( = 0.339, p < 0.001), and perceived
economic performance (f = 0.391, p < 0.001). Real-time production control was also
positively associated with perceived environmental performance (f = 0.413, p < 0.001)
and perceived economic performance (f = 0.325, p < 0.001), and partially mediated
the association between technology management and both perceived performance di-
mensions. The model accounted for 43.3% of the variance in perceived environmental
performance and 39.3% in perceived economic performance. Findings suggest a posi-
tive association between strategic technology management and the minimization of
perceived waste, perceived cost efficiency, and perceived regulatory compliance, offer-
ing valuable guidance to managers and policymakers in the pharmaceutical and medi-
cal device industries.

Keywords technology management, real-time production control,
environmental performance, economic performance,
medical appliances industry, Nineveh

JEL Classification 032, L65, Q55, M11

INTRODUCTION

The pharmaceutical and medical device industries are highly regulated
and face increasing environmental and economic pressures. In areas
like Nineveh, Iraq, there are additional problems for manufacturing
companies: becoming international, being sustainable, and operating
in a post-conflict environment with a lack of infrastructure, resource
scarcity, and technological immaturity. On the operational side, vari-
ous challenges have to be addressed to satisfy the regulatory require-
ments while maximizing economic efficiency and environmental re-
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sponsibility (Khalil, 2000; Monostori, 2014; Diabat & Govindan, 2011). Nineveh Governorate is one
of the crucial industrial bases in Iraq in terms of production outside of Baghdad. The Iraqi Ministry
of Industry and Minerals (2022) estimates that there are about 47 registered industrial businesses in
the pharmaceutical and medical appliance industry in the governorate, with about 14 of these having
resumed operations since 2017. Most of these facilities rely on semi-automated production lines, and
there are limited digital integrations, far short of international standards (Iraqi Ministry of Industry
and Minerals, 2022).

In 2021, the United Nations Industrial Development Organization (UNIDO) conducted an assessment
of the operational obstacles faced by Iraqi pharmaceutical manufacturers outside the capital. This anal-
ysis identified the production monitoring system as one of the barriers, as well as the disintegration of
quality control systems and the absence of real-time data infrastructure (UNIDO, 2021). Environmental
compliance is likewise challenging. The Iraqi Environment Protection and Improvement Law (No. 27
of 2009) require waste reduction and emission control, but enforcement is weak and different Nineveh
facilities do not have certified environmental management systems. Due to the conditions (technologi-
cally emergent, under regulatory pressure and a post-conflict setting), the sector is highly relevant and
under-researched for the possibility of applying technologically centric approaches to gain in signifi-
cantly improving the environmental and economic aspects of the production process.

These two approaches that have emerged in this context are technology management and real-time pro-
duction control. Technology management is systematic planning, acquisition, and use of technological
resources that are appropriate to the organizational strategy. Real-time production control, on the other
hand, is related to digital monitoring, sensor-based tracking and feedback that is active at the productive
level. Both methods have been proven to help reduce waste, conserve resources, control costs and meet
regulations (Sharif, 2006; Gunasekaran et al., 2017; Sarkis et al., 2011). However, while they appear to be
complementary, the effect of technology management on the capacity of real-time production control,
and the effect of this enabling technology on the environmental and economic performance, have been
under-researched and under-studied, especially in manufacturing systems in developing countries.

This study fills this gap. The issue that is being studied is that technology investment by many pharma-
ceutical and medical appliance manufacturers in Nineveh is not directly correlated with measurable
performance gains, rather it will depend on operational capabilities like real-time production control.
The literature on this mediated relationship is thin, as is the literature on the combined performance
effects of both constructs, especially in industries in post-conflict developing countries. The study is
therefore set to investigate the direct and mediated impacts of technology management and real-time
production control on environmental and economic performance in the drug industry and medical
appliances in Nineveh to provide both theoretical and practical insights into sustainable industrial
development.

1. LITERATURE REVIEW

ported by planning, assessment, and implemen-
tation frameworks. Teece (2018) rethought the

Technology management has received consider-
able attention as a strategic capability for deter-
mining the successful acquisition, deployment,
and integration of technological resources to gain
a competitive advantage within an organization.
Khalil (2000) argued that technology manage-
ment is key to industrial competitiveness. Sharif
(2006) explored the evolution of technology man-
agement as a separate academic discipline sup-
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nature of technology management in the view of
dynamic capabilities theory, which states that the
benefits of technological resources are realized
only when they are managed by sensing, seizing,
and reconfiguring capabilities at the managerial
level. This distinction is important because it’s not
enough that we have technology, we must also be
able to manage it well, and many empirical studies
have exaggerated the effect of technology invest-
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ments on performance and underestimated the
pathways for resources to be converted into per-
formance (Cetindamar et al., 2009).

Real-time production control has become a hot
topic in the world of smart manufacturing and
Industry 4.0. Monostori (2014) has demonstrated
that real-time control is based on Cyber-physical
production systems (CPPS) which have been prov-
en to continuously synchronize the physical pro-
duction process with digital models to reduce de-
viations and stabilize the production process. Lee
et al. (2015) showed that these systems can yield
predictive insights that can predict failure and op-
timize throughput in real-time. Based on contin-
gency analysis, Sousa and Voss (2008) found that
operational practices such as real-time monitor-
ing are mechanism factors between strategic ini-
tiatives and performance outcomes. Regarding
environmental aspects, Dubey et al. (2020) dem-
onstrated that digital production control systems
embed environmental considerations into the de-
cision-making of everyday operations, resulting in
more efficient reductions in material waste and en-
ergy use than sustainability programs implement-
ed on their own. Bag et al. (2021) reported that
Industry 4.0 production systems can have a sig-
nificant impact on environmental results, allow-
ing for closed-loop resource monitoring. From an
economic perspective, Gunasekaran et al. (2017)
correlated the benefits of real-time agile manufac-
turing practices with improved productivity and
cost-effectiveness. Importantly, these studies take
real-time production control as an independent
source of performance, without considering the
organizational prerequisites including managerial
and strategic that influence the success of the im-
plementation and use of real-time systems.

The link between technology management and re-
al-time production control has been theoretically
suggested but not studied extensively, empirically,
and directly. Sharif (2006) reported that technol-
ogy management is essential to prepare the orga-
nizational environment for the implementation of
advanced operational systems but failed to test the
proposition empirically. Investments in real-time
systems can lead to poor utilization, or to real-
time systems that are not aligned with production
goals, or to increased complexity of the produc-
tion process, and all of these are reported in sev-
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eral implementation studies reviewed by Sousa
and Voss (2008). The contingency theory perspec-
tive suggests that the effectiveness of operational
practices is not universally applicable but depends
on their fit with the organization’s capabilities and
the environment in which they operate (Sousa &
Voss, 2008; Donaldson, 2001). This means that the
same production system in the same real-time
sense can provide significant benefits in an orga-
nization with robust technology governance and
minimal benefits in an organization with weak
technology governance, a difference not reflected
by most published studies.

Dynamic capabilities theory (Teece, 2018) and
contingency theory (Sousa & Voss, 2008) provide
a theoretical foundation for the expectation that
technology management will serve as an anteced-
ent of the effectiveness of real-time production
control. Teece (2018) argues that technological
resources only create performance benefits when
they are actively managed (through sensing, seiz-
ing, and reconfiguring capabilities); that is, tech-
nology management is not simply a supportive
function but is a key part of the nature of how op-
erational technologies are used. This perspective
aligns with Eisenhardt and Martin (2000), who
showed that a firm’s internal resources can be re-
configured through its use of dynamic capabili-
ties to adapt to a rapidly changing market envi-
ronment. Sousa and Voss (2008) found empirical
evidence that strategic-level investments in opera-
tions will actually produce better performance via
intermediate operational-level practices, thereby
suggesting the role of real-time production con-
trol as the operational channel that technology
management will influence environmental and
economic outcomes. Theoretically, this mediation
model is coherent, but there is little empirical test-
ing of this model, especially in the manufacturing
context, in the published literature.

Another weakness is the lack of research on the
developing world, which is particularly significant
because of the rapid growth pace of developing
countries. Ghobakhloo (2020) consider institu-
tional structures that are well-developed and have
stable infrastructure and high absorptive capac-
ity. While their findings may be easily extrapo-
lated to other post-conflict developing regions
like Nineveh, where pharmaceutical and medical
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appliance manufacturers are constrained by the
lack of access to advanced technologies, the poor
state of industrial infrastructure, and the perma-
nent shortage of resources, as well as by the lack
of regulatory enforcement. While more context-
specific approaches to technology-performance
research have been called for (Zhang et al., 2019;
Haseeb et al., 2019), few empirical research studies
responded to this call in manufacturing settings
in the Middle Eastern or post-conflict contexts.

There are also considerable inconsistencies in em-
pirical literature, which further inspire the present
study. The majority of research studies show posi-
tive relationships between technology practices
and performance, but a significant minority show
conditions that weaken or reverse the relation-
ships. According to Miiller et al. (2018), the im-
plementation of Industry 4.0 frequently stagnates
because of a lack of skills and of the technology-
process relationship. The relationship between the
adoption of digital technology and operational
performance is even stronger in emerging econo-
mies. Kamble et al. (2018) also found that the sus-
tainability outcomes of advanced manufacturing
technologies depend on the quality of integration
and management support. Zhu et al. (2008) also
showed that having a clear managerial commit-
ment and supplier involvement is essential to the
effectiveness of environmental management prac-
tices in production systems. Obviously, the impact
of technology management and real-time produc-
tion control on performance is not a simple direct
or inverse relationship, but rather a relationship
that is modified by the organizational and con-
textual factors that have not yet been teased out
of the published studies. The present study deals
with these unanswered questions by examining a
mediated model in a particular under-researched
industrial and geographic context.

To sum up, three gaps in the existing literature
were identified:

(1) the lack of integrative empirical models that
study technology management and real-time
production control in tandem, rather than
separately;

(2) the absence of mediation mechanisms in the
literature whether or not the effects of tech-
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nology management are transmitted to the

outcomes of real-time production control; and
(3) the lack of empirical evidence from post-con-
flict or developing-country manufacturing
settings where these dynamics could manifest
differently.

These gaps motivated the current study, which pro-
posed and tested a structural model that establishes
the role of technology management as a determi-
nant of the environmental and economic perfor-
mance of the drug and medical appliance sector in
Nineveh, Irag, and its indirect mechanism through
real-time production control (Peng et al., 2008).

Building on this rationale, the study aims to (1) ex-
amine the association between technology manage-
ment and real-time production control, (2) assess
the direct associations of technology management
and real-time production control with perceived
environmental and economic performance, and (3)
test the mediating role of real-time production con-
trol in the relationship between technology man-
agement and perceived performance outcomes.

From this critical review, the following hypothe-
ses and conceptual model (Figure 1) are advanced:
HI: Technology management has a significant
positive impact on real-time production
control.

H2: Real-time production control has a sig-
nificant positive impact on environmental
performance.

H3: Real-time production control has a sig-
nificant  positive impact on economic
performance.

H4: Technology management has a signifi-
cant positive impact on environmental
performance.

H5: Technology management has a significant
positive impact on economic performance.
H6: Real-time production control mediates the
relationship between technology manage-
ment and environmental performance.

http://dx.doi.org/10.21511/ee.17(4).2026.08
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Environmental
Performance

H4
H2
N\ 4
Technology H1 ReaI—Tlme
Management Production Control
J . H3 \
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Economic
Performance

Figure 1. Research model

H7:  Real-time production control mediates the
relationship between technology manage-
ment and economic performance.

2. METHODS

This study employed a cross-sectional quantita-
tive design. It studies the role of technology man-
agement and real-time production control in the
pharmaceutical and medical supply industry in
Nineveh, concerning the aspects of environmen-
tal and economic performance. The study uses
a quantitative approach to test the proposed hy-
potheses by examining the direct and indirect re-
lationships within a systematic analytical frame-
work, consistent with the cross-sectional survey
methodology described by J.W. Creswell and J.D.
Creswell (2018).

The study was conducted on 14 pharmaceutical
and medical appliance manufacturing companies
that are operating in Nineveh Governorate and in-
clude 9 pharmaceutical manufacturing companies
and 5 medical appliance manufacturing compa-
nies. The unit of analysis is individual managerial
perceptions of organizational technology and pro-
duction control practices, as data were collected
from individual managers, engineers, and super-
visors rather than at the organizational level. This

http://dx.doi.org/10.21511/ee.17(4).2026.08

method is similar to the one used in PLS-SEM re-
search designs, where organizational-level con-
structs are operationalized using key informant
responses (Hair et al., 2022). The sample includes
280 administrative and technical staff members
from these organizations, including senior man-
agement, production management, quality man-
agement, production supervisor, and engineers.
The respondents were selected because of their
personal experiences with technology manage-
ment practices and real-time production control
systems within their organizations and because of
the reliability of the information gathered.

The data were gathered with a designed question-
naire, which consisted of the opinions of the par-
ticipants about technology management, real-
time production control, environmental perfor-
mance, and economic performance of their or-
ganizations. The items in the questionnaire were
adapted from validated and published items from
literature on technology management, opera-
tions management and sustainability to ensure
consistency and validity. All items were rated on
a five-point Likert scale ranging from “strongly
agree” to “strongly disagree.” The questionnaire
was pretested with academic experts and indus-
try practitioners to provide clarity, contextual
relevance and application to the industry envi-
ronment of Nineveh.
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Table 1. Demographics

Variable Category Frequency (n) Percentage (%)

 Male 196 70.0

Femalt—; 84 0.
Less than 30 years 52 18.6

30-39 years 96 .

40—49"\/ears 88 1.
50 years and abpye 44 157
Diplom‘a or Iowq 38 13.6

. Bachelor’s degree 162 .

Educational Level - :

Maste'r"s degreem 64
Ph.D. . 16 26

Senior management 42 5.

. Middle management 96 .
Job Position e - B
Englne'grs / Techplcal staf‘f 92 329

Supery‘isors / Opgrators . 50 7.

Less than 5 years 58 0.

. 5-10 years 94 .

Years of Experience g :

11-15 years 76 7.

More than 15 years 52 8.
Drug manufactgﬁr‘ing 162

Organization Type i i
g yp Medical appllances 118 21
manufacturing
3. RESULTS

Data was analyzed using partial least-squares
structural equation modeling (PLS-SEM) soft-
ware. PLS-SEM is selected for the following rea-
sons: (1) PLS-SEM is suitable for complex media-
tion models involving latent variables and (2) PLS-
SEM is robust for small sample size as well (Hair et
al., 2019). The analysis process was carried out in
two stages, namely the measurement model stage
(reliability and validity test) and the structural
model stage (test of hypotheses using bootstrap-
ping with 5,000 replications as recommended by
Preacher and Hayes (2008) for testing indirect ef-
fect analysis). All ethical guidelines were adhered
to. All the respondents gave informed consent,
and participation was entirely voluntary.

Table 1 shows the demographic profile of the 280
respondents. The sample was predominantly male
(70.0%), and most respondents were aged 30-49
years (34.3% aged 30-39 and 31.4% aged 40-49).
Amongeducation qualifications, a majority (57.9%)
had a bachelor’s degree, 22.9% had a master’s de-
gree, and 5.6% had a Ph.D. job position included
middle management (34.3%) and engineers/tech-
nical staff (32.9%), followed by supervisors/opera-
tors (17.8%) and senior management (15.0%). The
majority (33.6%) had moderate to extensive expe-
rience in the industry (5-10 years), while 27.1% had
11-15 years of experience.
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Table 2 shows the result of measurement model.
The value of the factor loading is within the ac-
ceptable range (0.748 to 0.881) and the recom-
mended value of 0.70, indicating high indicator
reliability. The convergent validity is supported
by AVE values of all variables exceeding the rec-
ommended threshold of 0.50 (Fornell & Larcker,
1981). Moreover, the alpha value of Cronbach and
composite reliability are higher than 0.70 (Hair
et al.,, 2011), which is considered as good inter-
nal consistency. To evaluate potential Common
Method Bias (CMB), VIF values were examined.
As shown in Table 4, the VIF values range from
1.00 to 1.38, which lie well below the 3.3 threshold
proposed by Kock (2015), suggesting that CMB is
unlikely to pose a concern in this study.

Table 3 reports the discriminant validity results as
all values were well below the recommended cut-
off of 0.85 (Voorhees et al., 2016; Henseler et al.,
2015). Therefore, discriminant validity was suc-
cessfully established.

Table 4 summarizes the results of the direct hy-
pothesis testing. H1 testing demonstrated that
technology management was significantly and
positively associated with real-time produc-

http://dx.doi.org/10.21511/ee.17(4).2026.08
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Factors Items Loadings

Economic
Performance

Environmental
PerfOrMancCe i e

Real-Time
Production Control

Technology
Management

a © CR(rho_c) AVE

0.876 0.910 0.668

0.866 0.904 0.653

Table 3. Heterotrait-monotrait ratio (HTMT)

Construct 1 2 3 4
1. Economic Performance . : . .
2. Environmental Performance 0.63
3. Real—iijme Produc::tion Contré):I: O.6:(:J 0.6%:3 ) ) )
4. Technology Management ; 0.63 0.63 ; 0.60

tion control (Beta = 0.527, t = 12.814, p < 0.001).
Similarly, H2 testing confirmed that real-time pro-
duction control was positively associated with per-
ceived environmental performance (Beta = 0.413,
t = 8.815, p < 0.001). Next, H3 testing showed a
significant positive association with perceived
economic performance (Beta = 0.325, t = 6.347, p

Table 4. Hypotheses testing

< 0.001). Furthermore, technology management
showed a direct positive association with both
perceived environmental performance (H4, Beta
= 0.339, t = 7.305, p < 0.001) and perceived eco-
nomic performance (H5, Beta = 0.391, t = 8.001, p
< 0.001). The mediation analysis also revealed that
real-time production control plays an important

Path CVIE L f2

3 Real-Time Production Control - Economic
i Performance

h2 E.‘Egrforma'nce

H5 ;Technology Management - Economic
erformance

g echnology Management - Environmental
i Performance

H1 ;Technology Management - Real-Time
';‘Etoductio“n Contrql

10413 0318 |

B | 2.50% : 97.50% : STDEV :Tvalue:P value. Result

0221 i 0423 i Accepted

0.047 %Accepted
Accepted

Accepted

10527 0437 | 0600 | 0041 12.814 | 0.000 | Accepted

fTechnoIogy Management - Real-Time i
H6 i Production Control - Environmental Po- -
: Performance ‘

022 : 0.031 i 717 i 0.00 : Accepted

H7 Technology Management - Real-Time P B
i Production Control - Economic Performance

017 | 0115 @ 0231 | 0030 | 581 | 000 & Accepted

http://dx.doi.org/10.21511/ee.17(4).2026.08
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0.527 (0.000)

0.339 (0.000)

0.391 (0.000)

ENWV1

Environmental Performance
0.000

0.000
0.000—®  ENV3
0.000
0.000

ENV2

ENV4

ENV5

0.413 (0.000)
RTPC1

RTPC2

RTPC3

RTPC4

TPC5

0.325 (0.000) ECO1

0.000
0.000
0.000—® ECO3
0.000

0.000 ECO4

ECO2

Economic Performance

ECO5

Figure 2. Structural model

role. H6 was supported, confirming its statistical
mediating role between technology management
and perceived environmental performance (Beta
=0.22, t = 7.17, p < 0.001), while H7 was similarly
supported for the association between technol-
ogy management and perceived economic perfor-
mance (Beta =0.17, t = 5.81, p < 0.001).

Regarding effect sizes (f-squared), technology
management had a large effect on real-time pro-
duction control (0.38). The other relationships
showed moderate effects ranging from 0.13 to
0.22. Finally, Figure 2 shows the coefficient of de-
termination (R-squared). The model explains the
variance for economic performance (R-squared
= 0.393), environmental performance (R-squared
= 0.433), and real-time production control
(R-squared = 0.378).

4. DISCUSSION

This study has confirmed all seven hypotheses and
suggests that technology management and real-
time production control are complementary stra-
tegic and operational capabilities which are linked
together with the perceived environmental and
economic performance.
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The strong positive correlation between technol-
ogy management and real-time production con-
trol (P = 0.527) is the strongest path and confirms
the claim of Teece (2018) that managerial dyna-
mism is a necessary condition for exploiting the
operational potential of technological invest-
ments. It is extended to Sharif (2006), who theo-
rized that technology management facilitates the
process, yet did not test it empirically with respect
to specific technology operational systems. In sci-
ence-based industries, Pisano (2006) argued that
technology governance is especially consequential
because the knowledge base is complex, tacit, and
difficult to imitate without structured manage-
ment routines. In the pharmaceutical and medi-
cal appliance sectors, where production deviations
carry serious regulatory and safety consequences,
this relationship is especially critical: without pur-
posive technology planning and governance, real-
time control infrastructure tends to be underuti-
lized or misaligned with production objectives; a
risk documented in implementation studies re-
viewed by Sousa and Voss (2008).

Real-time production control showed a strong
positive association with perceived environmen-
tal performance (B = 0.413) and perceived eco-
nomic performance ($ = 0.325). The environmen-

http://dx.doi.org/10.21511/ee.17(4).2026.08



tal association aligns with Dubey et al. (2020),
who showed that digital control systems can lead
to a reduction in material waste and energy use
by incorporating environmental monitoring in-
to the day-to-day operations. Similarly, Ren et
al. (2019) found that manufacturing companies
that implemented real-time monitoring of their
production processes have significantly lower
emissions and resource use than those that use
batch-reporting systems. The economic associa-
tion is consistent with Sousa and Voss (2008) and
Gunasekaran et al. (2017), who correlated real-
time agile practices with cost reduction and pro-
ductivity gain. In particular, the environmental
association was stronger than the economic as-
sociation, which could be related to the regula-
tory context of the sector: pharmaceutical and
medical appliance manufacturers in Nineveh
are exposed to strong regulatory pressure, which
means that the environmental argument for real-
time control is particularly evident.

Technology management also showed strong di-
rect associations with perceived environmental
performance (p = 0.339) and perceived economic
performance (p = 0.391), indicating that these as-
sociations are not fully mediated by real-time pro-
duction control. This result aligns with Porter and
van der Linde (1995), who claimed that “there is a
tight linkage between environmental and econom-
ic benefits in the conduct of technological innova-
tion” and with the empirical findings of Zhang et
al. (2019) connecting management innovation to
sustainable organizational performance. Ambec
and Lanoie (2008) supported this complementary
evidence as an operational strategy that is based
on the opinion that environmental investments
can increase profitability. The direct economic as-
sociation (B = 0.391) was stronger than the direct
environmental association ( = 0.339), suggesting
that technology management is more closely as-
sociated with the economic aspects of perceived
performance than with the environmental aspects,
and that the latter is more dependent on the im-
plementation at the operational level as described
by Liker and Meier (2006).

The partial mediation of real-time production con-
trol between technology management and both
perceived performance dimensions is the study’s
most theoretically relevant result. The indirect as-

http://dx.doi.org/10.21511/ee.17(4).2026.08
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sociation with perceived environmental perfor-
mance (B = 0.22) was larger than the indirect as-
sociation with perceived economic performance
(B = 0.17), which suggests that the perceived en-
vironmental gains associated with technology
management operate more strongly through the
operational control mechanism than the per-
ceived economic gains do. The transposition of
the contingency-based hypothesis by Sousa and
Voss (2008) to strategic initiatives in intermediate
practices to realize their performance-related as-
sociations is consistent with the mediation models
established by Baron and Kenny (1986). A partial
mediation suggests that technology management
has a distinct association with perceived perfor-
mance separate from its association via real-time
control. Moreover, this finding extends the argu-
ments of Teece (2018) that the strategic and opera-
tional aspects of technology work independently
and interactively.

A contextually significant finding is that all hy-
pothesized relationships were supported despite
the challenging post-conflict operating environ-
ment of Nineveh. Most prior studies of technol-
ogy management and digital production control,
including Ghobakhloo (2020) and Kamble et al.
(2018), are situated in advanced economies with
mature institutional and infrastructural condi-
tions. The present study suggests that similar stra-
tegic and operational mechanisms may produce
significant performance-related associations even
in contexts characterized by resource constraints
and infrastructural limitations, although these
contextual factors were not directly measured and
thus represent background context rather than
empirically tested moderators. This contributes to
calls by Zhang et al. (2019) and Haseeb et al. (2019)
for contextually grounded research in technology
and operations management and suggests that
technology governance frameworks developed for
advanced economies may be adapted with appro-
priate modifications to developing-country manu-
facturing contexts (Asongu & Nwachukwu, 2016).

Practitioners will find the results straightforward
to interpret. It is important for managers in the
pharmaceutical and medical appliance sectors not
to consider technology investment and operation-
al control as two distinct issues; it is recommended
that technology governance frameworks explicitly
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plan for, enable, and assess the quality of real-time
production control implementation (Luthra &
Mangla, 2018). Coherent technology management
practices such as acquisition planning, workforce
development, and performance evaluation sys-
tems are likely to be correlated with higher envi-
ronmental and economic returns for investments
in digital monitoring, sensor networks, and data
analytics. The findings offer implications for in-
dustrial development strategies in post-conflict
areas: policy should not only encourage the use of

new technologies, but also the management skills
necessary to sustainably use these technologies
as well (Acemoglu & Robinson, 2012). Future re-
search should use longitudinal designs to provide
causal directionality, include objective measures
of performance in addition to self-reported data,
expand the analysis to include other regulated in-
dustries (e.g., food safety, chemical manufactur-
ing), and examine the model in other regional set-
tings (e.g., developing or post-conflict regions) to
determine the generalizability of the findings.

CONCLUSION

This study examined the associations between technology management and real-time production
control and perceived environmental and economic performance in the drug and medical appliance
industry in Nineveh, Iraq. Each of the seven hypotheses was confirmed. Technology management (
= 0.527) was significantly and positively associated with real-time production control, suggesting a
strong correlation between strategic technology management and operational control effectiveness.
Technology management and real-time production control were positively related to perceived envi-
ronmental performance ( = 0.339 and B = 0.413, respectively) and perceived economic performance
(B = 0.391 and P = 0.325, respectively), and real-time production control partially mediated the re-
lationship between technology management and performance. Performance in this study is based
on managerial perceptions rather than objective environmental or financial indicators. The novelty
comes from three contributions. The first is the empirical test of this mediated model for the drug
and medical appliance industry. The second is evidence from a post-conflict, developing-country
context that is rarely represented in the operations management literature. The third is that strategic
and operational technology mechanisms are associated with perceived performance in ways that are
both independent and interdependent, resolving prior inconsistencies in studies that examined each
construct in isolation This addresses the three gaps identified in the literature review above: the lack
of integrative empirical models linking technology management and real-time production control,
the absence of tested mediation mechanisms between them, and the scarcity of empirical evidence
from post-conflict, developing-country manufacturing settings.
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