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Glossary of Terms

e Bin Card: A record-keeping tool used for inventory management and stock control of
individual items in a store

e Data quality: It is an assessment of LMIS data’s fitness to serve its purpose in terms of
health supply chain data completeness, timeliness, legality, legibility, and accuracy.

e Digital LMIS (eLMIS): The health facility version of HCMIS, comprising Dagu 1.0 as the
latest version and Dagu 2.0 as the advanced version, is tailored for health commodities
inventory management and LMIS within health facilities. Dagu 2.0 is connected to Vitas and
Fanos and has more integration and interoperability with the other supply chain information
systems in EPSS and facilities.

e End Users’ Perspective: The evaluation of the facility-version digital LMIS system by
individuals who directly interact with and utilize the software. The evaluation captures users'
experiences, satisfaction, and perceived effectiveness of the digital LMIS in various aspects
of the system, including its interoperability, functionality, integration, and data quality.

e Health Commodities Logistics Management Information System. It is a system designed
to manage and oversee the flow of information along with the flow of health commodities
across the healthcare system.

e Health Commodity Management Information System (HCMIS): It is digital LMIS used
to manage inventory and LMIS in public healthcare system of Ethiopia and having four
versions including Fanos (an online real-time supply chain LMIS in EPSS), Vitas (open-
source software for warehouse, inventory and LMIS at EPSS central and hub warehouses),
mBrana (open-source mobile software platform designed to manage Vaccine LMIS), and
Dagu (an open-source software designed to manage health commodities’ inventory and
LMIS at health facilities).

e HPMMR (Health Post Monthly Report and Resupply Form): The LMIS tool that enables
health posts to report their consumption and request resupply of health commodities from
health centers

¢ IFRR (Internal Facility Reporting and Requisition Form): LMIS tool that facilitates the
requisition and redistribution of health commodities within health facilities and is utilized by

both health centers and hospitals

Xl



Model 19/Health: It is a serially registered official financial transaction tool used in health
facilities to receive health commodities from suppliers

Model 22/Health: It is a serially registered official financial transaction tool used in health
facilities for issuing health commodities for health facilities and different units

RRF (Report and Requisition Form): It is a LMIS tool that allows health centers and
hospitals to report consumption and request resupply of health commodities from Woreda or
Ethiopian Pharmaceutical Supply Service (EPSS) hubs

RRF (Report and Requisition Form): This LMIS tool allows health centers and hospitals
to report consumption and request resupply of health commodities

Stock Card: It is a record-keeping tool similar to a bin card, but it includes additional data
elements such as price, which are used for inventory management in a store.

Performance Evaluation: A systematic process of assessing the effectiveness, efficiency,
and quality of the LMIS within health facilities. This includes measuring key indicators such
as data accuracy, completeness, timeliness of reporting, system usability, user satisfaction,
and overall LMIS performance in supporting inventory management, decision-making, and
supply chain efficiency

Conceptual Model: A theoretical framework that illustrates the relationships and
interactions among systemic, operational, and contextual factors influencing LMIS
performance in public health facilities. It operationalizes key constructs such as systemic
capacity, infrastructure, human resources, data quality, and external environment, defining
how these elements interact to affect LMIS functionality, data utilization, and ultimately,
health commodities availability.
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Abstract

Introduction: Access to essential medicines remains a major global health challenge, especially
in low- and middle-income countries like Ethiopia, where weak health supply chains and
fragmented Logistics Management Information Systems hinder timely, equitable delivery of life-
saving health commodities. Despite international and national efforts to improve supply chain
performance, challenges persist, including poor data quality, inadequate infrastructure, limited
interoperability, and lack of standardized performance evaluation frameworks for LMIS. These

issues undermine informed decision-making, cause stockouts, and compromise service delivery.

Obijective: This study aimed to evaluate the performance of LMIS in public health facilities in

the Amhara Region and developing conceptual model

Methods: This study employed institution based concurrent mixed-methods design, grounded in
a pragmatic paradigm, to assess the performance of the LMIS in the Amhara Region of Ethiopia.
Quantitative data were gathered through surveys and document reviews, while qualitative data
were obtained through in-depth interviews, utilizing a grounded theory approach to develop a
conceptual model. The study focused on health professionals involved in supply chain
management across 102 public health facilities. Multi-stage stratified random sampling was used
to select facilities, and data collection tools were adapted from established frameworks. To
ensure data quality, pre-testing, training, and data triangulation were conducted. Quantitative
data were analyzed using SPSS, and qualitative data were processed using grounded theory
techniques with MAXQDA software. Ethical approval was granted, and informed consent was

obtained from all participants.

Findings: In this study, significant infrastructure challenges were identified, notably inconsistent
power supply and limited internet connectivity, only 42.2% of facilities had internet access.
While the Internal Facility Report and Requisition Form (IFRR) and the Report and Requisition
Form (RRF) were widely used, other LMIS tools and digital systems saw lower levels of

utilization. Regular written feedback from higher levels was received by only 37.3% of facilities.

XV



Data quality assessments using seven tracer medicines revealed varying levels of inventory
accuracy, with mean physical and electronic accuracy rates of 74.7% and 70.6%, respectively.
The RRF exhibited high completeness at 90.2%, but lower performance in terms of legality
(77.2%) and accuracy (76%). Utilization of the 15 vaccine LMIS forms was limited, with
availability and usage rates at 44.1% and 40.5%, respectively. Vaccine inventory accuracy was
suboptimal, averaging 58.3%. Accuracy of vaccine requisition reports differed between urban
and rural areas, averaging 73.4% and 69.6%, respectively. Among the 37 facilities using digital
LMIS, 75.7% had functional systems. The average frequency of use for digital dashboard
components was 3.13 out of 4, while end-user performance ratings for the eLMIS averaged 3.21
out of 5 (64.2%). LMIS performance varied significantly based on factors such as organizational
support, user experience, and internet access (P < 0.05). The health supply chain professionals
perceived that LMIS tools are user-friendly and helpful for stock management. However, key
challenges included inadequate digitalization, limited system interoperability, and weak
infrastructure. Manual tools, particularly Model 22/H and 19/H, were preferred over stock cards,
which were considered less efficient. The developed conceptual model for LMIS performance
identified critical factors affecting LMIS performance, including budget limitations, data quality
concerns, workforce training gaps, and implementation barriers. It also recognized contextual
factors such as government support, infrastructure availability, public health emergencies, and
security conditions. To improve LMIS effectiveness and support evidence-based decision-
making, the model recommended strategies such as digital innovation, system integration,

workforce capacity building, and enhanced implementation support.

Conclusion: The evaluation of the health commodities LMIS in Amhara Region’s public health
facilities revealed that while standard LMIS forms and reporting tools are widely used, several
critical challenges persist. The major challenges were unreliable power supply, poor internet
connectivity, and limited digital infrastructure. Data quality issues were prominent, with
significant discrepancies between physical and electronic inventory records, as well as
fluctuations in the completeness, legality, and accuracy of reports. The vaccine LMIS system
was particularly weak, characterized by inconsistent use of recording forms, lack of digital
systems, and a shortage of trained personnel. Digital LMIS tools showed moderate performance,
but their effectiveness was uneven, influenced by organizational support, user experience, and

internet access. Broader challenges like poor system integration, lack of data backup, and limited

XVI



interoperability remain unresolved. The conceptual model developed using grounded theory
offers a structured framework for improving LMIS performance and is recommended for pilot
implementation and further validation to support the development of measurable KPIs for

ongoing monitoring and evaluation of health commodities LMIS.

Key Words: LMIS, Performance Evaluation, Data Quality, Digital LMIS, Vaccine LMIS,
Conceptual Model, health Facilities
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Chapter One: Introduction

1.1 Background

Access to essential medicines remains one of the most pressing global health challenges,
particularly in low- and middle-income countries (LMICs), where preventable and treatable
diseases continue to cause significant morbidity and mortality due to inadequate availability of
affordable, life-saving health commodities (WHO, 2010; Dowling and Yap, 2014; Stevens and
Huys, 2017). Ensuring equitable access to essential medicines, medical devices, vaccines, and
diagnostics is a core element of the right to health, as affirmed by international declarations and

human rights conventions (United Nations, 1966; Hogerzeil, 2006).

Moreover, it is integral to the realization of Sustainable Development Goal 3, which aims to
"ensure healthy lives and promote well-being for all at all ages (Bissell, Perrin and Beran, 2016;
Dyea and Acharyab, 2017; Perehudoff, Alexandrov and Hogerzeil, 2019). In the same way, the
World Health Organization (WHO) also recognized the equitable access of essential medical
products, vaccines and technologies as one building block for the health system of any country
(WHO, 2010).

Despite all these global commitments, approximately one-third of the world’s population and
half of the population in Sub-Saharan countries does not have a regular access to full and
effective lifesaving essential medicines (Evans and Boerma, 2009; Stevens and Huys, 2017; ’t
Hoen et al., 2018; Roth et al., 2018). In LMICs, medicines can constitute 25-70% of total
healthcare expenditure compared to less than 10% in high-income countries with the majority of

costs typically paid out-of-pocket by individuals (Ozawa et al., 2019; WHO, 2019).

These access barriers are exacerbated not only by economic constraints but also by structural
inefficiencies within health systems, particularly in the pharmaceutical supply chain (Yadav,
2015a). The structure of the supply chain system in most low-income countries is mapped in
parallel with the administrative structure of the country. This results multiple tiers of stock
holding, stock allocation, stock shortage, information system and decision making in the health
system which makes the supply chain system more complex and inefficient (Yadav, 2015a,
2016; Lugada, Komakech, et al., 2022).



A well-functioning health supply chain system is a critical component of the health care system
for the delivery of essential of medicines, vaccines, contraceptives and other products (Khlie and
Abouabdellah, 2016; Global Fund, 2019). Effective supply chain systems covering drug
selection, forecasting, procurement, inventory and warehouse management, distribution, rational
drug use, and reverse logistics rely heavily on real-time, accurate, and reliable logistics
information (USAID Deliver, 2011; Khlie and Abouabdellah, 2016; FMOH, 2020b).

However, in many LMICs, including Ethiopia, fragmented supply chains and weak logistics
management information systems impede the consistent availability of health commodities. To
address these challenges, Logistics Management Information Systems (LMIS) have been
implemented to collect, manage, and disseminate data critical to the functioning of health supply
chain system (PATH, 2010). A robust LMIS enables health managers to make informed
decisions, improve forecasting, enhance supply planning, and optimize procurement and
distribution processes (WHO, 2010; Global Fund, 2019). The lack of quality logistics data can
lead to distortions along the supply chain, such as the bullwhip effect causing excessive
inventory, inaccurate forecasting, production inefficiencies, and increased costs (Metters, 1997;
Herlyn, 2014a).

Ethiopia’s introduction of the Integrated Pharmaceutical Logistics System (IPLS), supported by a
digital LMIS backbone, has led to measurable improvements in supply chain performance and
access to medicines (USAID, 2010; PFSA, 2015; EPSA, 2019). The IPLS is designed to
streamline logistics data collection, ensure a two-way flow of information across all levels of the

health system, and support evidence-based decisions (PFSA, 2017).

Nevertheless, several implementation challenges persist, including overreliance on paper-based
reporting, limited availability of LMIS tools, poor infrastructure such as electricity, internet, and
ICT equipment, low data quality, staff skill gaps, and inadequate supportive supervision, all of
which hinder effective decision-making and supply chain efficiency (Endeshaw et al., 2020;
Hailu, Ahmed and Yimer, 2020; Alemu et al., 2021; Bekele and Anbessa, 2021; Tefera, Yihunie
and Bekele, 2021). In addition, gaps in the design and standardization of LMIS, along with the
absence of standard performance evaluation frameworks, are undermining the efficiency of the
health commaodities supply chain and slowing the progress of health service delivery (PATH,
2010; FMOH, 20244; Tilahun et al., 2025).



Therefore, addressing these ongoing gaps necessitates a systematic evaluation of the existing
LMIS and the development of a conceptual model tailored for public health facilities. This study

is both timely and essential to inform strategic enhancements in the health supply chain system.

1.2 Statement of the Problem

Access to essential medicines and health commaodities is a fundamental human right and a
cornerstone of universal health coverage. It plays a pivotal role in improving health outcomes,
promoting equity, and fostering socioeconomic development (Hogerzeil, 2006; WHO, 2010;
Perehudoff, 2020). Despite global and national commitments, many low- and middle-income
(LMICs) countries, including Ethiopia, continue to face persistent challenges in ensuring
equitable, reliable, and timely access to life-saving health commodities (Stevens and Huys, 2017;
Roth et al., 2018). These challenges are rooted in complex and systemic inefficiencies across the
health supply chain, particularly in the LMIS, which is central to effective supply chain
operations (Yadav, 2015a; Ozawa et al., 2019).

A well-functioning LMIS is vital for real-time data collection, forecasting, procurement
planning, inventory management, and the distribution of health commodities. When
implemented effectively, LMIS enhances visibility across the supply chain, reduces wastage,
prevents stockouts, and ensures the continuous availability of critical medical products at service
delivery points (Herlyn, 2014b; Khlie and Abouabdellah, 2016).

Ethiopia has made notable progress in adopting LMIS tools, including the implementation of
electronic LMIS (eLMIS) systems as part of national health system strengthening efforts
(FMOH, 2016, 2021a). However, significant implementation gaps persist, including the
continued reliance on paper-based records, inadequate ICT infrastructure, unstable internet
connectivity, and frequent power interruptions, all of which collectively hinder timely data entry,
accurate reporting, and effective decision-making (USAID, 2019; FMOH, 2020b; Alemu et al.,
2021; FMOH, 2024b). Furthermore, human resource challenges such as inadequate technical
training, high staff turnover, and low digital literacy further compromise the functionality and
utilization of LMIS platforms (Endeshaw et al., 2020; Hailu, Ahmed and Yimer, 2020).



In addition, the coexistence of multiple, often non-interoperable digital and manual systems has
led to fragmented data management, duplication of efforts, and inefficiencies in monitoring and
decision-making processes (Chikumba, 2009; Chircu, Sultanow and Saraswat, 2014; Yadav,
2017; FMOH, 2020b).

A further critical weakness in Ethiopia’s health system is the absence of standardized
frameworks and performance evaluation systems to assess the functionality and effectiveness of
LMIS. This lack of structured evaluation inhibits systematic monitoring, delays the identification
of performance gaps, and prevents timely corrective actions, ultimately limiting the scalability,
sustainability, and integration of LMIS within the broader health information system (PATH,
2010; FMOH, 2024b, 2024a)

Experiences from other countries such as Tanzania, Malawi, and Bangladesh demonstrate that
integrated and well-evaluated LMIS platforms, when supported by robust infrastructure,
standardized protocols, and continuous assessments, significantly enhance logistics performance
and improve health outcomes (Zhang, Goh and Meng, 2011; ANDERSSON S et al., 2013; Lee,
Kim and Kim, 2014). In contrast, Ethiopia’s fragmented LMIS systems and lack of
standardization continue to impede effective implementation and limit the potential of digital
health solutions to scale successfully (Desale et al., 2013; PFSA, 2015; Tiye and Gudeta, 2018).

Given these ongoing challenges and the critical role of LMIS in strengthening health system
performance and service delivery, there is a clear and urgent need for a comprehensive, context-
specific evaluation of existing LMIS platforms in Ethiopia. This evaluation should include not
only technical performance but also human resource capacity, infrastructure adequacy, system
interoperability, and data integration. Furthermore, there is a pressing need to develop a
conceptual model to guide the design, implementation, and ongoing performance assessment of
LMIS in public health facilities. Therefore, this study aims to systematically evaluate the current
performance of LMIS in the Amhara Region and to develop a practical conceptual model that
can inform national policy, strengthen system effectiveness, and support the broader goal of
ensuring equitable access to essential medicines and improved health outcomes in Ethiopia.



1.3 Rational of the Study

Ensuring reliable access to essential medicines remains a cornerstone of achieving universal
health coverage, particularly in LMICs such as Ethiopia (WHO, 2019). However, persistent
challenges within the public health supply chain continue to impede the timely and consistent
availability of medical products. These challenges not only compromise patient outcomes but
also burden the overall healthcare delivery system. A central factor in these issues is the
suboptimal performance of the LMIS, which plays a crucial role in enabling informed decision-
making within the health supply chain. Despite its intended purpose, the LMIS in Ethiopia faces
numerous systemic and implementation-related obstacles (FMOH, 2021a). Additionally, the
absence of standardized evaluation frameworks for assessing LMIS performance hinders
consistent monitoring, delays the identification of performance gaps, and limits the system’s

capacity to support a resilient and responsive healthcare system.

The Amhara Region, one of Ethiopia’s most populous and having topographically difficult
areas, presents a particularly relevant setting for examining these issues. The region has faced
substantial healthcare delivery challenges while also demonstrating early adoption of several
LMIS tools and LMIS related initiatives, including the IPLS, APTS, HCMIS (Dagu and mBrana)
(PFSA, 2015; Fenta, 2016). A detailed investigation of LMIS implementation in this region can
offer valuable insights into both the enabling factors and the barriers that influence LMIS

performance.

This study is motivated by the urgent need to address existing gaps in both academic knowledge
and policy implementation. Previous research and national evaluations have typically focused on
context-specific elements of LMIS, without undertaking a comprehensive, system-level
assessment (PFSA, 2015; EPSA, 2019). There is a pressing need for an integrated and evidence-
based evaluation that examines LMIS performance across various dimensions, including
technical capacity, organizational structure, infrastructure readiness, and human resource

availability.

In response to this need, the study is guided by two primary objectives. The first is to conduct a
comprehensive evaluation of LMIS implementation in the Amhara Region, with particular
attention to how existing systems are functioning within public health facilities. The second
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objective is to use the findings from this evaluation to develop a conceptual model that will
support the effective design, implementation, integration, and continuous performance
monitoring of LMIS in public health facilities. The anticipated outcomes of this research are
expected to contribute meaningfully to academic discourse for LMIS in resource-limited settings.
More importantly, the findings aim to offer practical guidance to policymakers and stakeholders,
including the Federal Ministry of Health, the Ethiopian Pharmaceutical Supply Service, and
regional health bureaus, as they strive for more effective strategic planning and operational
interventions. The conceptual model developed through this study is envisioned as a practical
tool to support the ongoing implementation and performance evaluation of LMIS, thereby
advancing national efforts to strengthen the health system and improve equitable access to

essential medicines.
1.4 Scope of the Study

This study focuses on evaluating the LMIS for health commaodities within public health facilities
in the Amhara Region of Ethiopia. Geographically, the study is confined to the Amhara Region,
one of the largest and most populous regions in the country where health system challenges such
as inadequate access to essential medicines and services are particularly pronounced. The scope
encompasses all levels of public health facilities within the region, excluding health posts, in
order to provide a comprehensive assessment of LMIS performance across the public health
facilities. The study targets key stakeholders involved in the supply chain, including healthcare
providers, supply chain managers, EPI logistics officers, and other professionals responsible for

the procurement, storage, and distribution of health commodities.

A variety of LMIS tools currently used in these facilities were examined to assess their
implementation performance and operational challenges. A mixed-methods approach employed,
integrating both qualitative and quantitative data collection methods to ensure a holistic
understanding of LMIS implementation, utilization, and performance.

While the study aims to generate in-depth insights into LMIS in the Amhara Region, it
acknowledges potential limitations in the generalizability of the findings to other regions of

Ethiopia or to other low- and middle-income countries, due to differences in the health system



and infrastructural contexts. By clearly defining its geographical and institutional boundaries,
target population, and methodological approach, the study provides a focused yet comprehensive

analysis aimed at informing policy decisions and system improvements.

1.5 Significance of the Study

This study addresses critical gaps in the LMIS for health commodities in Ethiopia, with a
particular focus on the Amhara Region. By examining region-specific issues and requirements,
the research contributes to a deeper understanding of LMIS performance in the Ethiopian
context. The findings will provide valuable insights into the strengths and weaknesses of current
LMIS implementation, thereby supporting evidence-based decision-making by policymakers and
health managers to enhance supply chain efficiency.

A key contribution of this study is the development of a conceptual model for evaluating LMIS
performance. This model aims to establish standardized performance metrics that are essential
for the continuous improvement of LMIS and the overall efficiency of the health supply chain.
Furthermore, the proposed model lays the groundwork for future digital transformation and
policy implementation by offering a system-based approach to LMIS assessment and

improvement.

In addition, the research highlights LMIS tools features and requirements for an effective LMIS,
which can inform the design of capacity-building initiatives and training programs for health
sector personnel. Although the study focuses on the Amhara Region, its findings have broader
relevance for other regions in Ethiopia and for LMICs facing similar LMIS challenges. Overall,
this study is expected to advance both academic understanding and practical application of LMIS
in health facilities. It will support the Federal Ministry of Health, the Ethiopian Pharmaceutical
Supply Service, Regional Health Bureaus, and other stakeholders in the design, implementation,
and performance evaluation of LMIS in health facilities, ultimately contributing to improved
access to essential health commodities and enhanced health outcomes.



1.6 Structure of the Dissertation

The dissertation starts with title page followed by declaration, acknowledgements, dedication,
list of original papers, papers presented at conferences, table of contents, list of abbreviations and
acronyms, glossary of terms, list of tables, list of figures, list of annexes, and an abstract. Chapter
one, the introduction, sets the context by presenting the background of the study, identifying the
problem, outlining the rationale, defining the scope, highlighting the significance, and explaining
the structure of the dissertation. Chapter two presents the literature review, which explores the
evolution of logistics and supply chain management, the role of information systems in
healthcare, and specifically examines the LMIS for health commodities in the Ethiopian
healthcare system. It also introduces the theoretical, conceptual, and research frameworks.
Chapter three outlines the general and specific objectives of the study along with the key
research questions. Chapter four, the methodology, discusses the philosophical assumptions and
details the research design, study area, population, sampling methods, data collection tools and
procedures, data quality assurance, analysis techniques, and ethical considerations. Chapter five
presents the key findings, including general information about respondents, LMIS infrastructure
and initiatives, reporting and data quality, and performance evaluations of both vaccine and
digital LMIS systems, concluding in a proposed conceptual model for improving LMIS
performance. Chapter six offers a discussion of the findings, identifies the strengths and
limitations of the study, and discusses practical and policy implications. Finally, chapter seven
concludes the dissertation by summarizing the main findings, offering recommendations, and
proposing directions for further research. The references section provides a comprehensive list of

all cited sources, and the annexes include supporting materials and appended research papers.



Chapter Two: Literature Review

2.1. Evolution of Logistics and Supply Chain Management

The term “Logistics” and defined use of it dates back to the 18" century, 1% defined and used in
the military operation (Samal, 2019). Over time, the theoretical and practical evolution of
logistics gave rise to the concept of Supply Chain Management (SCM), which emerged as
broader paradigm influencing various business functions (Mukhamedjanova, 2020). The term
SCM was first emerged in 1980s as it was first published in financial times magazine (Jones,
Cope and Budden, 2009). Despite its growing relevance, scholars initially disagreed on the
relationship between logistics and SCM. According to Larson and Halldorsson (2004), four
perspectives emerged regarding their connection: the traditionalist (viewing SCM as a subset of
logistics), relabeling (renaming logistics to SCM), unionist (treat logistics as a part of SCM) and
inter-sectionist (considering both as independent disciplines having inter-sectional role) (Larson
and Halldorsson, 2004). Trough time, the unionist and inter-sectionist perspective got more
attention due to the fact that SCM becomes more border concept and interlinked with logistics
activities (Habib, 2014).

As a newly evolving paradigm, there is no universally accepted definition that distinctly
differentiates logistics from supply chain management (Figure 1). The American Council of
Logistics Management defines logistic as “ the process of planning, implementing, and
controlling the efficient, effective flow and storage of goods, services, and related information
from point of origin to point of consumption for the purpose of conforming to customer
requirements”’ (Samal, 2019).

Likewise, the Council of Supply Chain Management Professionals (CSCMP) defines supply
chain management as “the planning and management of all activities involved in sourcing and
procurement, conversion, and all logistics management activities. It includes all of the logistics
management activities as well as manufacturing operations, and it drives coordination of
processes and activities with and across marketing, sales, product design, finance and

information technology” (Bodhankar and Rangari, 2016).
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Figure 1: Evolutionary timeline for Logistics and supply chain management; Adopted and
modified from (Habib and Jungthirapanich, 2008; Habib, 2011; Cui Jun-Ying et al., 2024).

2.2. Health Commodities’ Supply Chain System

The supply chain system for health commodities is a critical component of the health care
system, directly impacting access to essential medicines, vaccines, contraceptives and medical
technologies  (WHO, 2010; Khlie and Abouabdellah, 2016). Ensuring equitable and
uninterrupted access to these life-saving products is a key determinant for health system
performance and population health outcomes (Global Fund, 2019; Lugada, Ochola, et al., 2022).
A well-functioning health supply chain is fundamental for maintaining service delivery,
improving patient outcomes, and building system resilience, particularly in resource-constrained
settings (USAID, 2011; Ottih, Cussen and Mustafa, 2018).

The main purpose of the healthcare supply chain is to deliver the right product to the right
customer, in the right quantity, in the right condition, to the right place, at the right time, and for
the right affordable cost, often referred to as the “seven rights of logistics (Clark and
Barraclough, 2010; Roark, 2011; Mathew et al., 2013). Achieving this objective is essential to

delivering a high standard of care and optimizing resource utilization (Mathew et al., 2013).

However, healthcare supply chains are inherently complex systems, often managing a wide array
of products, each with unique storage, handling, and distribution requirements. They involve
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multiple stakeholders including manufacturers, procurers, distributors, regulators, and service
providers who must coordinate across different levels of the health system (Burns, 2002; Clark
and Barraclough, 2010; Khlie and Abouabdellah, 2016; Choudrie et al., 2017). The involvement
of government institutions, development partners, insurance schemes, and private actors adds

further layers of complexity (Mathew et al., 2013).

In low-income countries, particularly in Sub-Saharan Africa, supply chains are often fragmented
and unreliable, resulting in frequent stockouts and delayed service delivery (Annan and Amagon,
2013; Yadav, 2015a). These inefficiencies are commonly linked to weak integration of logistics
functions, limited data visibility, and inadequate coordination between public and private
stakeholders (USAID, 2011; Khlie and Abouabdellah, 2016).

Typically, health commaodities supply chain system in these contexts follow the administrative
structure of the country. Governments usually oversee procurement and distribution through
Central Medical Stores (CMS) and public-sector transport systems(Yadav, 2015a). For example,
Ghana's public health system employs a three-tier system in which regional health
administrations manage regional medical stores that supply health facilities within their
catchment areas. Teaching and referral hospitals, however, are authorized to procure directly
from suppliers with approval from the Ministry of Health (Annan and Amagon, 2013). While
multi-tiered systems can bring proximity-based advantages, they may also create bottlenecks,
resource duplication, and coordination challenges. On the other hand, streamlined systems with
fewer tiers can reduce delays, minimize wastage, and enhance responsiveness (Yadav, 2015b).

To guide the development of resilient supply systems, the World Health Organization (WHO)
proposed a generic model of the health supply chain structure for low- and middle-income
countries (Figure 2), which maps commodity flow across various levels of the health system
(YYadav, 2015b) (Figure 2).
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Figure 2:Structure of Health Product Supply Chain in Developing Countries (©WHO, 2015)

Further, the USAID Supply Chain Evolution Model outlines four stages of development for
public health supply chain systems including; Ad hoc (unstructured), organized, integrated, and
extended. Most developing countries are currently in the integration stage, wherein ministries of

health and logistics management units coordinate health commodity flows across programs and

partners. In the extension stage, supply chain management evolves to include institutionalized

collaboration with the private sector, enhanced automation, and broader system-wide visibility
(USAID, 2011; Yadav, 2015a) (Figure 3).
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Figure 3:Supply Chain Evolution Model for Developing Countries’ Public Health System;
Adopted from; (USAID, 2011)

Overall, consistent availability of affordable, high-quality health commodities is both a health
system goal and a governance challenge. Strengthening healthcare supply chain management
capacity, digitalizing supply chain operations, and fostering public-private partnerships are
increasingly recognized as strategic priorities for achieving Universal Health Coverage (UHC)
and Sustainable Development Goals (SDGs) (WHO, 2017b; Witter et al., 2019; Chemonics
International, 2021).

2.3. Health Commodities’ Supply Chain in Ethiopian Healthcare System

The Ethiopian health care system operates under a decentralized three tier structure composed of
primary, secondary, and tertiary-levels health care. The Primary Health Care Unit (PHCU) forms
the foundational level and includes health posts, health centers, and primary hospitals. General
hospitals are categorized under the second tier of the health care system used as a referral center
for primary hospitals. The third tier consists of a specialized hospital that serves as a referral
center for general hospitals (FMOH, 2021a) (Figure 4).
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Figure 4:Ethiopian Three-tier Healthcare System (© Ministry of Health-Ethiopia, 2021)
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Among the key agencies supporting the Ethiopian Ministry of Health is the Ethiopian
Pharmaceutical Supply Service (EPSS), previously known as PFSA and EPSA. Revamped after
the 2006 approval of the Pharmaceutical Logistics Master Plan (PLMP), EPSS is tasked with
ensuring a consistent and cost-effective supply of quality-assured medicines and medical
supplies by overseeing their procurement, storage, and distribution to public health facilities
across the country (FDRE, 2007). To further streamline and integrate supply chain operations,
EPSS introduced the Integrated Pharmaceutical Logistics System (IPLS) in 2010. This system
manages both program-specific commaodities and Revolving Drug Fund (RDF) items, enabling
demand-driven procurement, distribution, inventory management and logistics management
information system (Dowling, 2017; PFSA, 2017; FMOH, 2020b).

Currently, the EPSS has 19 hubs, having warehouses and perform inventory management and
distribution activities for public health facilities. The agency envisions becoming the most
responsive and efficient pharmaceutical supply chain organization in Africa by 2030. EPSS has
an annual procurement capacity exceeding 1 billion USD, sourcing pharmaceuticals and medical
supplies from both local and international suppliers (EPSS, 2020; FMOH, 2020a). Although

public-private partnership mechanisms remain limited, private sector actors contribute
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significantly to the supply chain through importation, local manufacturing, and distribution
efforts (United Nations, 2014; PFSA, 2017; FMOH, 2020b; Chemonics International, 2021).

Despite significant progress in Ethiopia's public health supply chain over the past decade, several
challenges continue to impede the achievement of the EPSS’s strategic objectives. According to
the 2024 FMOH Performance Report, the overall forecast accuracy stood at 64.8%, which is
below the target of 75% set for the year (FMOH, 2024a).

Multiple studies on the implementation of the IPLS have identified persistent issues, including its
partial implementation across health facilities, frequent stock-outs, high levels of wastage, the
absence of standardized recording formats, poor data quality, limited integration of Logistics
Management Information Systems, lack of data visibility, and minimal digitalization of logistics
information (PFSA, 2015; Shewarega Abiy, Paul Dowling, Welelaw Necho, Sami Tewfik, 2015;
Hailu, Ahmed and Yimer, 2020; Tamirat et al., 2020; Alemu et al., 2021; Tefera, Yihunie and
Bekele, 2021).

2.4. Role of Information System in Healthcare Supply Chain

Effective and timely use of health and logistics information is critical for transforming healthcare
systems, particularly in low- and middle-income countries (LMICs) where resources are limited,
and supply chains are complex. Decision-making at all levels of the health system is only as
effective as the quality of information that supports it (Abouzahr and Boerma, 2005; Stansfield et
al., 2006; Mutale et al., 2013).

The World Health Organization (WHO) identifies the health information system as one of the
six essential building blocks of a well-functioning health system, underpinning evidence-based

planning, monitoring, and service delivery (WHO, 2010) (Figure 5).
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Figure 5:The six building blocks of health system ; Adopted from (WHO, 2010).

A robust health information system (HIS) has four core functions: data generation, data
compilation, analysis and synthesis, and communication and use by decision-makers. At the
2015 Summit on the Measurement and Accountability for Results in Health, organizations
including the World Bank, USAID, and WHO issued a “Five-Point Call to Action” urging all
countries to invest in health information and statistical systems to achieve better health outcomes
by 2030 (World Bank Group, USAID and WHO, 2015).

Despite broad recognition of its importance, data collected from health facilities in LMICs often
suffer from poor quality marked by incompleteness, lack of timeliness, inaccuracy, and poor
representativeness thus undermining its use in decision-making (Rowe, 2009; Mustafa et al.,
2016; Getachew, Erkalo and Garedew, 2022). Beyond the technical design of information
systems, effective implementation requires leadership commitment, institutional ownership, and

a culture of data use for continuous improvement (Chaulagai et al., 2005).

The Logistics Management Information System serves as a critical interface between HIS and
supply chain management, functioning as the backbone of an effective healthcare supply chain
system (USAID Deliver, 2011). It supports essential activities such as forecasting, procurement,
inventory control, and the efficient use of medicines and supplies. A well-designed LMIS

captures critical data, including stock levels, consumption rates, and requisitions, facilitating
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informed decision-making that improves health commodity availability and service delivery
(USAID Deliver, 2011; Choudrie et al., 2017; Mabirizi et al., 2018). The LMIS can be manual

(paper-based), semi-computerized, or fully computerized (Chikumba, 2009).

To fully harness the transformative potential of information systems in healthcare supply chains,
it is imperative to prioritize interoperability, data governance, and capacity building at all levels
of the system (Abouzahr and Boerma, 2005; WHO, 2010; Mutale et al., 2013). Strengthening
LMIS within the broader HIS framework requires not only investment in infrastructure and
digital tools but also sustained training and support for personnel who manage and utilize data
(Chaulagai et al., 2005; USAID Deliver, 2011).

As healthcare systems in LMICs increasingly face both routine and emergency supply chain
challenges, a data-driven approach becomes essential for ensuring resilience, equity, and
efficiency (Choudrie et al., 2017; Mabirizi et al., 2018). Ultimately, enhancing evidence-based
decision-making through strong information systems is essential for achieving universal health
coverage and improving health outcomes for all populations (WHO, 2010; World Bank Group,
USAID and WHO, 2015; Manyazewal, 2017)

2.5. Health Commodities’ LMIS in Ethiopian Healthcare System

The Health Information Revolution was one of the four key transformation agendas in Ethiopia’s
first Health Sector Transformation Plan (HSTP-I), and it remains a core focus among the five
transformation agendas of HSTP-II. This agenda emphasizes improving data quality, specifically
accuracy, completeness, and timeliness while also strengthening integration and interoperability
of health information systems, and fostering a culture of evidence-based decision-making
(FMOH, 2021a).

Ethiopia's journey toward enhancing health information utilization began with the
implementation of the Health Management Information System (HMIS), which was used for
over decades and helped initiate a culture of data use. In November 2019, the country advanced
to a digital platform known as the District Health Information System 2 (DHIS2), which was
customized to the Ethiopian context. This cloud-based system was rolled out across public health
facilities and partially implemented in the private health sector (FMOH, 2020a, 2021a, 2024b).
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In 2016, the FMOH developed the national eHealth Architecture (eHA) as part of the broader
information revolution roadmap. The eHA aims to streamline resource utilization, prevent
duplication of efforts, and enable data access and integration. Despite these intentions, full
implementation is still forthcoming. The HSTP-11 continues to highlight key strategic priorities,
including enhancing data quality and usage, ensuring interoperability among eHealth
applications, integrating datasets, and promoting performance monitoring and data sharing
(FMOH, 2016, 2020a, 2021b) (Figure 6).
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Figure 6: Ethiopian eHealth Architecture (eHA); Adopted from (FMOH, 2016)
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Despite these all efforts in the health system, data quality in the routine health information
system remains a significant challenge(FMOH, 2021a, 2024b). In a recent study conducted in
Harari Region, the good quality data in HMIS was found to be 51.35% (95% ClI, 44.6-58.1)
which was less than the national target recommended for LMICs (80%) (WHO, 2017a; Shama et
al., 2021).

The IPLS implemented in EPSS and public health facilities encompasses three core functions:
the LMIS, inventory control, and pharmaceutical storage. The purpose of LMIS is to collect,
organize, and report information to inform decision-making across all levels of the health
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system. All sectors involved in the health commodities’ supply chain system are interconnected
with logistics activities and information sharing. The overall logistics management information
system also includes a mechanism for providing feedback to lower level facilities from upper
level facilities and offices (PATH, 2010; USAID, 2010; PFSA, 2017) (Figure 7).
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Figure 7:Flow of Pharmaceuticals and LMIS in the IPLS: Adopted from (PFSA, 2017)

Despite efforts by the health system to implement the IPLS and LMIS, several studies have
highlighted persistent systemic challenges in Ethiopia’s health commodities LMIS at health
facilities. These challenges include partial implementation of the LMIS, insufficient supply of
LMIS forms, inadequate infrastructure such as electricity, internet, and computers (Shewarega
Abiy, Paul Dowling, Welelaw Necho, Sami Tewfik, 2015; Dowling, 2017; Alemu et al., 2021);
shortage of staffs (Fenta, 2017); challenges in LMIS interoperability with other systems
(Taddesse, 2015); poor data quality (PFSA, 2015; Damtie, Ibrahim and Yikna, 2020; Bekele and
Anbessa, 2021); lack of end to end data visibility (Dowling, 2017; FMOH, 2020a); poor digital
information governance system (FMOH, 2024b); gaps in training and staff commitment
(Nigusie, 2017; Tiye and Gudeta, 2018; Tefera, Yihunie and Bekele, 2021); lack of adequate
supportive supervision and timely feedback from higher levels (Tefera, Yihunie and Bekele,
2021).
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2.6. Health Commodities’ LMIS Design and Requirements

A well-designed LMIS is crucial for efficient health supply chain management, especially in
resource-limited settings. As health systems grow more complex, LMIS plays a key role in
enhancing logistics visibility, efficiency, and responsiveness. Its development demands a
multidisciplinary approach that blends software architecture with healthcare workflows and
contextual needs. This synthesis outlines core architectural and design principles for building
resilient health information systems (PATH, 2010).

Tummers and his colleagues highlighted the importance of clearly defining features, sub-
features, and stakeholder roles during the architectural design of health information system.
Stakeholder engagement is central to this process, as it ensures that the design reflects the real-
world experiences and needs of users, including healthcare providers, system administrators, and
policymakers (Tummers et al., 2021). Complementing this, (Richardson, 2006) emphasized that
healthcare information systems must prioritize privacy, accountability, data quality, ease of use,
portability, and compliance with legal and ethical standards. Additionally, they should be
minimally intrusive, support diverse user groups, and foster ongoing innovation.

The World Health Organization has emphasized that a strong health information system should
be comprehensive, functional, adaptable, scalable, and resilient, particularly in low-resource
settings where healthcare systems must be able to respond flexibly to evolving needs and
challenges. This is echoed in several WHO reports and frameworks, including the Health Metrics
Network (HMN) Framework and the WHO Digital Health Strategy (MEASURE Evaluation,
2018a; WHO, 2021b).

In the context of LMIS, the architecture must be designed with a thorough understanding of the
healthcare ecosystem. This involves identifying challenges and opportunities, mapping
workflows and processes, and documenting the roles and requirements of individuals involved in
data creation and usage. An LMIS should not only store data but also facilitate real-time use and
analysis as a core function (PATH, 2010; Tummers et al., 2021).

Key data elements in an LMIS include stock on hand, losses, adjustments, consumption rates,

demand forecasts, issues, shipment status, and cost data. Visibility of this information across the
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supply chain supports evidence-based decision-making, ensuring timely availability of essential
health commodities (UNDP, 2025).

USAID (2011) further specifies that LMIS design should incorporate architectural domains such
as data types, units of measurement, record and reporting structures, responsible actors,
frequency and channels of reporting, and standardized forms. Moreover, data validation,
approval workflows, and the degree of automation are critical aspects that determine the
efficiency and reliability of the system (USAID Deliver, 2011).

Beyond these fundamentals, the issues of end to end data visibility, governance, integration
within the larger health information system architecture, interoperability, and data quality are
fundamental features for modern LMIS architecture (Hara et al., 2017). Data quality is a
multifaceted concept that cannot easily measured with binary dimension rather it needs to

consider each dimension of quality (O’Hagan et al., 2017).

The digitization of LMIS design through integrated digital platforms is crucial for optimizing
health commodity management. These platforms automate data collection, validation, storage,
and reporting, reducing errors and increasing real-time visibility, which is especially valuable in
decentralized health systems (Global Fund, 2019). A well-designed LMIS must balance technical
sophistication with usability, focusing on data quality, interoperability, user-centered design, and
governance. Such systems improve efficiency, decision-making, and health outcomes, making
the development of robust LMIS platforms a strategic necessity for modern health systems
(Nicodemus et al., no date; Richardson, 2006; Global Fund and GAVI, 2019).

2.7. Digitization of Health Commodities’ LMIS

As health programs grow in size and complexity, digital tools become increasingly important for
ensuring real-time data visibility, accuracy, and responsiveness. The integration of Information
and Communication Technologies (ICT) into supply chains has significantly enhanced
operational agility, reduced human error, and improved data-driven decision-making (Closs,
Goldsby and Clinton, 1997; Yadav, 2015a; Garcia-Alcaraz et al., 2017). The automation of
LMIS has brought significant transformation to supply chain operations. Electronic LMIS

(eLMIS) platforms facilitate rapid data collection, aggregation, analysis, and transmission,
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ensuring end-to-end visibility throughout the supply chain (USAID | DELIVER PROJECT,
2012; Global Fund, 2019).

Namibia has effectively implemented various eLMIS tools to improve health commodity
management and visibility. These include the Electronic Dispensing Tool (EDT) for ART data at
facilities, the EDT National Database for centralized data aggregation, the Facility Electronic
Stock Card (FESC) for stock control, SYSPRO ERP software for inventory and order
management, and a web-based Pharmaceutical Management Information Dashboard for

visualizing key pharmaceutical data (Mabirizi et al., 2018).

Similarly, Tanzania implemented an integrated eLMIS that greatly improved vaccine availability
compared to previous paper and Excel-based systems. The digital system significantly reduced
vaccine stock-outs over time, demonstrating the benefits of digitization for supply chain
performance (Gilbert et al., 2020).

In Ethiopia, as part of the IPLS implementation initiative, a digital LMIS known as the Health
Commodities Management Information System (HCMIS) was developed and implemented
locally. HCMIS includes various versions tailored for vaccines, health facilities, and EPSS,
offering real-time access to supply data from EPSS distribution hubs and health facilities
(USAID Deliver Project, 2014; Dowling, 2017). It is one of the digital tools highlighted in the
eHA of the health information revolution map (FMOH, 2016).

Nevertheless, serval studies reveal persistent challenges affecting HCMIS functionality,
including unreliable internet connectivity, skill gaps among end users, poor data quality, and
limited system use for decision-making (Desale et al., 2013; PFSA, 2015; Dowling, 2017;
Tewfik, 2018; Bekele and Anbessa, 2021). A recent study in health facilities of Addis Ababa
found that the overall data quality of HCMIS was 66.61%. The average utilization of all the
regular reports was found to be 39.17% (Endeshaw et al., 2020). Although facilities used
HCMIS for recording logistics activities, the system lacked integration and interoperability with
HMIS and other health information platforms (Taddesse, 2015; Endeshaw et al., 2020; FMOH,
2020a).
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As part of a solution, the EPSS is currently implementing a comprehensive Enterprise Resource
Planning (ERP) system to modernize its supply chain operations, replacing previously
implemented digital systems. The initiative is designed to strengthen interdepartmental
coordination, optimize inventory management, and enable data-driven decision-making through
real-time, end-to-end data visibility (EPSS, 2020, 2023; FMOH, 2024b). However, the
integration of the eLMIS used in health facilities with the ERP system deployed at EPSS hubs
remains an unresolved issue. Addressing this gap requires coordinated action and substantial
investment to ensure a fully integrated and efficient national eLMIS (USAID Delievr Project,
2015; Snow, 2017).

Despite ongoing efforts by LMICs, including Ethiopia, to digitize the LMIS for health
commodities, several challenges persist. These include weaknesses in software development
project management, limited adoption of information technology best practices, inadequate
infrastructure, low digital literacy and competency among health workers, and poor
interoperability with other national health information systems. Additionally, gaps in governance
and concerns about the long-term sustainability of electronic LMIS within the healthcare system
remain significant barriers to effective implementation. (PATH, 2010; John Snow Inc., 2017,
Global Fund, 2019; FMOH, 2020a, 2024b).

To design an effective digital solution for LMIS, it is crucial to consider the scale of IT
capabilities, including infrastructure, business expertise, relationship resources, and human
resources. The process of designing and implementing a digital LMIS requires careful project
planning based on demand, identification of fundamental requirements, thorough piloting,
deployment, ongoing support, and ensuring the system's long-term sustainability (Figure 8)
(USAID | DELIVER PROJECT, 2012; Bakan and Sekkeli, 2017)
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Figure 8:Software development life cycle for LMIS digitalization; Adopted from (USAID |
DELIVER PROJECT, 2012)

2.8. Performance Evaluation of LMIS

Performance assessment is vital for strengthening public health systems by identifying strengths,
diagnosing weaknesses, and guiding improvements (Mierau et al., 2024). Health system
performance assessment is a comprehensive yet complex process due to the diverse data sources,
stakeholders, and dynamic contexts (Papanicolas et al., 2024). Evidence-based decision-making
is key to enhancing health outcomes and service quality. To support this, evolving frameworks
for assessing health system performance like those by Murray and Frenk (2000) guide countries
in adapting to changing health need (Murray and Frenk, 2000; WHO, 2007).

A Health Information System (HIS) is a vital component of any health system, supporting
performance evaluation, strategic planning, and policy-making. The WHO’s Health Metrics
Network (HMN) Framework outlines key elements of a functional HIS, such as system
resources, indicators, data sources, and mechanisms for data use (WHO, 2008b). However,

standardized methods to assess HIS performance and data quality remain limited (WHO, 2008a)
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To address this, MEASURE Evaluation (2018) proposed four key tools including Semi-
Structured Interview Guide, the Self-Assessment Survey, the Group Assessment Tool, and the
Site Visit Checklist to evaluate and enhance data use across health systems, fostering evidence-
based decision-making (MEASURE Evaluation, 2018b).

A vital subcomponent of HIS is the Logistics Management Information System, which supports
the management of health commaodities supply chain system. Although general HIS performance
frameworks exist, a standardized and comprehensive framework for evaluating LMIS remains
underdeveloped. Currently, widely used tools for LMIS evaluation include the Logistics
Indicators Assessment Tool (LIAT) and the Logistics System Assessment Tool (LSAT),
developed by the USAID (USAID Deliver Project, 2008, 2011). Although Ethiopia has recently
developed a monitoring and evaluation framework for its supply chain system, it does not
include a specific framework for evaluating the performance of the LMIS. As a result, LMIS
performance assessment remains unsupported by a standardized, guiding framework across the
healthcare system (FMOH, 2019).

Evaluating the performance of the LMIS is essential for effective medical supply management
and informed decision-making. Common performance indicators include system availability,
data quality (accuracy, completeness, timeliness, consistency, and validity), reporting rates, user
satisfaction, and the adequacy of training and supervision (Greenwell and Salentine, 2018;
MEASURE Evaluation, 2018b). These indicators provide critical insights into LMIS
functionality and its contribution to the broader health system.

Multiple studies have highlighted various factors that influence LMIS performance; facility-
related issues, such as inadequate infrastructure and insufficient resources (Dowling, 2017
EPSA, 2019; Alemu et al., 2021); personnel-related challenges, including limited training, low
motivation, skill gaps, resistance to change, and high staff turnover (Yadav, 2015b; Nigusie,
2017; Tiye and Gudeta, 2018; Tefera, Yihunie and Bekele, 2021); the technical design, usability,
reliability, and data quality of the LMIS (Taddesse, 2015) (PATH, 2010; PFSA, 2015; Taddesse,
2015; Damtie, lbrahim and Yikna, 2020; Bekele and Anbessa, 2021); organizational support,
effective supply chain coordination, and strong implementation strategies are essential for
maintaining LMIS functionality (FMOH, 2024b).
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Despite the importance of LMIS in supporting supply chain management and public health
outcomes, no comprehensive conceptual framework exists for evaluating LMIS performance in
health facilities. Therefore, beyond assessing existing systems, there is an urgent need to
standardize performance evaluation tools and develop a robust framework tailored to LMIS. This
will enable consistent assessments, benchmarking, and long-term improvements in health

commodity management systems.

2.9. Theoretical Framework

Several theoretical frameworks are suitable to underpin the investigation, especially considering
its concurrent mixed-methods design and emphasis on both system performance and model
development of this study. The following frameworks provide relevant lenses through which the
various dimensions of LMIS performance can be assessed and interpreted.

2.9.1. Health System Framework

Understanding the performance of LMIS within health systems requires a comprehensive and
systemic perspective, particularly one grounded in the WHIO health system framework. This
framework outlines six essential building blocks including service delivery, health workforce,
health information systems, medical products and technologies, leadership and governance, and
health financing (WHO, 2010). These interdependent components offer a structured lens through
which to analyze how the broader health system context affects LMIS performance and,
ultimately, health service outcomes. In LMICs, the functionality and effectiveness of LMIS are
deeply influenced by the strength and integration of these six building blocks (Ummah, 2019;
FMOH, 2020b). Effective LMIS implementation relies on adequately trained health personnel,
robust and interoperable information infrastructure, sound governance mechanisms, and
sustainable financing arrangements (Murray and Frenk, 2000; Manyazewal, 2017; WHO,
2021b). This interdependence underscores that LMIS strengthening should not be approached as
a standalone intervention. Rather, it should be embedded within a holistic strategy that considers
the mutual reinforcement among the health system’s building blocks (FMOH, 2024b; Piquer-
Martinez et al., 2024).

26



2.9.2. Information Systems Success Model (DeLone & McLean)

The DeLone and McLean Information Systems Success Model (1992, updated in 2003) provides
a comprehensive framework for evaluating the performance and effectiveness of information
systems, including LMIS. The model delineates six interrelated success dimensions including
system quality, information quality, service quality, use, user satisfaction, and net benefits
(DeLone and McLean, 2003). The success of LMIS can be assessed using six key dimensions,
including system quality (ease of use, reliability, and infrastructure), information quality (data
accuracy, completeness, and relevance), service quality (technical support and supervision), user
engagement (use or intention to use), user satisfaction (perceived usability and usefulness), and
net benefits (improved inventory management and reduced stockouts), all of which serve as
indicators of the overall effectiveness of the system (Adams, Nelson and Todd, 1992; DelLone
and McLean, 2003; Petter, DeLone and McLean, 2008). The DeLone and McLean model
provides a comprehensive framework for evaluating LMIS performance by linking system
quality, data accuracy, user satisfaction, and perceived benefits. It supports a context-sensitive,
pragmatic, mixed-methods approach to identify gaps and guide interventions, helping to explain
what works, why, and under what conditions within the diverse settings of health facilities
(Delone and Mclean, 2003; Petter, DeLone and McLean, 2008; Piquer-Martinez et al., 2024).

2.9.3. Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM), developed by Davis (1989), is a theoretical
framework that explains how users accept and use new technologies, focusing on two key
factors: perceived usefulness (PU) and perceived ease of use (PEOU) (Davis, 1989). Perceived
usefulness is the extent to which a user believes that using a system will improve their job
performance, while perceived ease of use refers to the degree to which the user expects the
system to be effortless to use (Kalayou, Endehabtu and Tilahun, 2020; Zhu et al., 2025)

TAM is instrumental in evaluating user satisfaction, system functionality, and usage frequency,
particularly by examining how perceived usefulness and ease of use influence digital LMIS

adoption. It also accounts for external variables like organizational support and user technical
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competence, which shape these perceptions. TAM thus aids in identifying behavioral factors that
affect system uptake and continuity, informing improvements in usability, training, and design
(Davis, 1989; Khafit and Puspaningtyas, 2021). In this study, TAM is used to assess health
supply chain professionals' acceptance of digital LMIS platforms like Dagu 1.0 and 2.0, based on
perceived benefits (e.g., improved inventory control and reporting) and system user-friendliness
(Rahimi et al., 2018; Khafit and Puspaningtyas, 2021).

2.9.4.Grounded Theory Analysis

Grounded Theory, as introduced by Glaser and Strauss (1967), served as the central
methodological and analytical framework guiding the development of the conceptual model.
This inductive and iterative approach enabled the construction of theory directly from
stakeholder narratives, ensuring both contextual relevance and empirical grounding (Glaser, B.
G., Strauss, 1967; Corbin and Strauss, 2008). To support theory construction at a higher
analytical level, Strauss and Corbin (1990) introduced the coding paradigm, a structured
analytical tool that examines the relationships among causal conditions, context, intervening
conditions, action/interaction strategies, and consequences, thereby facilitating a deeper
understanding of the core phenomenon (Corbin and Strauss, 2015; Vollstedt and Rezat, 2019).
Additionally, the Gioia methodology was used to visually structure the data, enhancing analytical
rigor and transparency in tracing how raw data evolved into theoretical constructs (Gioia, Corley
and Hamilton, 2013). Although traditional Grounded Theory favors theoretical sampling and
iterative data collection, this study effectively adapted the approach through transparent
reflexivity, re-analysis of existing data, and the use of secondary sources to ensure conceptual
richness and theoretical saturation (Corbin and Strauss, 2015). These strategies contributed to the
development of a grounded, context-specific conceptual model for evaluating LMIS

performance.

2.10. Conceptual Framework

The conceptual framework for this study was developed through an extensive literature review
and focuses on key factors affecting LMIS performance in public health facilities. The

conceptual framework for this study identifies four interrelated domains influencing LMIS
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performance.lt—comprises—four—demains: (1) health system-related factors (e.g., structure,
workforce, training, leadership), (2) LMIS functional requirements (e.g., stock management, data

reporting), (3) data quality dimensions (e.g., accuracy, timeliness), and (4) ICT-related features
(e.g., system integration, sustainability). These-elements—colectively-inform-the-evaluation-and
improvement-of LMHS performance-in-public-health-facilities-These dimensions systematically

informed the development of research guestions, selection of variables, and data collection tools

for _the intended objectives aimed at assessing the performance evaluation of LMIS in health

facilities. For the development of the conceptual model, although this framework quided tool

development, an additional framework, the coding paradigm was also considered to inform the

qualitative data analysis framework (Figure 9).
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Chapter Three: Objectives and Research Questions

3.1. General Objective
e To conduct a performance evaluation and develop a conceptual model for the Health
Commodities Logistics Management Information System (LMIS) in public health

facilities of the Amhara region

3.2. Specific Objectives

e To assess the current status of health commodities’ logistics management information
system in the public health facilities of Amhara region

e To identify the strengths and weaknesses of health commodities’ logistics management
information systems implemented in the Public Health System of Amhara region

e To evaluate the Vaccines Logistics Management Information System at Public Health
Facilities in Amhara Region

e To evaluate the performance of Digital Logistics Management Information System
(eLMIS) Performance at Public Health Facilities of Amhara Region, Ethiopia

e To evaluate the requirements and features of health commodities logistics management
information system tools used in public health facilities of the Amhara region.

¢ To develop a conceptual model for health commodities’ logistics management information

system performance in public health facilities of Amhara region
3.3. Research Questions

This research project aims to evaluate the existing health commodities’ logistics management
information systems implemented in the public health facilities of Amhara Region. Besides, a
conceptual model will be developed based on the findings. To achieve the aim of this study, the
following research questions are defined,;

o What is the current status of the health commodities” Logistics Management Information
System (LMIS) in public health facilities of the Amhara Region?
e What operational strengths and functional gaps exist in the logistics management

information systems implemented in public health facilities of the Amhara Region?
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e How is the Vaccines Logistics Management Information System (VLMIS) performing in
public health facilities of the Amhara Region?

o What is the level of performance of the Digital Logistics Management Information System
(eLMIS) in public health facilities of the Amhara Region?

o What are the system requirements, user needs, and key functional features of the logistics
management information system tools used in public health facilities of the Amhara
Region?

e What conceptual model can be developed to enhance the performance of health

commodities’ LMIS in public health facilities of the Amhara Region?
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Chapter Four: Methodology

4.1. Philosophical Assumption

Philosophical assumptions provide the foundation for research by shaping how reality is
understood (ontology), how knowledge is acquired (epistemology), the role of values (axiology),
and the methodological choices that follow (Creswell and Poth, 2018). These assumptions
influence every aspect of a study, from research design to data interpretation. In evaluating the
performance of the LMIS and developing a conceptual model, this study adopts a pragmatic
paradigm, integrating elements of positivism, constructivism, and critical theory to effectively
address a complex, real-world problem.

Ontologically, the study embraces a pluralistic view of reality. From a positivist stance, LMIS
performance metrics such as inventory accuracy, reporting rates, and stock-out frequencies are
treated as objective realities that can be measured quantitatively (Guba and Lincoln, 1994).
Simultaneously, constructivist ontology is acknowledged, recognizing that health supply chain
professionals’ experiences, perceptions, and contextual factors such as institutional culture and
resource constraints shape how the LMIS operates in practice (Schwartz-Shea and Yanow,
2012). This dual ontological stance is essential to capture both the tangible and intangible

elements influencing LMIS performance.

Epistemologically, the study values both empirical measurement and interpretive understanding.
Positivist epistemology supports the use of structured instruments and statistical tools to collect
verifiable data (Creswell, 2003, 2007), while interpretivism guides the exploration of subjective
experiences and social contexts through qualitative interviews (Denzin and Lincoln, 2004).
Additionally, a critical epistemological lens draws attention to issues systemic barriers that may
influence LMIS performance, especially in low-resource settings (Kincheloe and Mclaren,
2011). This blended approach ensures that knowledge generated is not only accurate and reliable

but also socially and contextually informed.

Axiologically, the research acknowledges the role of values in the research inquiry process.
While quantitative approaches strive for objectivity, qualitative methods recognize that the
researcher’s background, engagement with participants, and contextual understanding inevitably
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influence data interpretation (Creswell and Poth, 2018). A value-laden perspective, therefore,
enhances reflexivity and ethical sensitivity in the research process, particularly when
approaching the experts in health supply chain in the respective health facilities.

Methodologically, the study employs a concurrent mixed-methods design, reflecting its
pragmatic orientation. Quantitative methods provide structured evaluation of system
performance using measurable indicators, while qualitative methods, particularly grounded
theory support an in-depth investigation into the operational and contextual realities affecting
LMIS implementation (Creswell, 2003; Corbin J and Strauss A, 2015). Grounded theory,
originally developed by Glaser and Strauss (1967), is a systematic and iterative approach to
building theory from qualitative data. Though it has evolved across positivist, post-positivist, and
constructivist paradigms (Charmaz, 2015), it remains a powerful tool for conceptual model

development in complex systems (Qureshi and Unlii, 2020).

Given the dual focus of this study on quantitatively evaluating LMIS performance and
qualitatively developing a conceptual model, the pragmatic paradigm emerges as the most
appropriate philosophical foundation. Pragmatism is not confined to any single philosophical
tradition; instead, it emphasizes practical solutions and methodological flexibility to effectively
address complex research problems (Tashakkori and Charles, 1998; Creswell and Clark, 2011;
Shrestha and Giri, 2021). This approach supports methodological pluralism, enabling the
integration of structured surveys to assess LMIS performance alongside grounded theory-based
interviews that explore system challenges and user experiences (Johnson and Onwuegbuzie,
2004).

Pragmatism accommaodates both objective measurement and subjective interpretation, making it
particularly suitable for research that seeks to produce actionable and context-sensitive insights
(Morgan, 2007). Although positivism, post-positivism, and constructivism each offer valuable
perspectives, pragmatism is the most suitable philosophical approach for this study as it focuses
on practical, evidence-based solutions to improve LMIS performance. It bridges theory and
practice, enabling contextually relevant interventions that support sustainable health system
improvements (Biesta, 2015; Patton, 2015, 2023).
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4.2. Methods
4.2.1. Study Area

Ethiopia, the second most populous country in Africa and the 12th in the world, is

administratively divided into 12 regional states and two city administrations. This study was

conducted in the Amhara National Regional State, the second most populous region in the

country, from March 1-31, 2022. The region lies in the northwestern part of Ethiopia, with Bahir

Dar, its capital city, located approximately 565 kilometers from Addis Ababa.

Administratively, Amhara is subdivided into 12 zones (Awi, West Gojjam, East Gojjam, South

Gondar, West Gondar, Central Gondar, North Gondar, Oromiya Special Zone, South Wollo,

North Wollo, North Shewa, and Waghimera), three city administrations (Bahir Dar, Dessie, and
Gondar), and 166 woredas (districts). As of 2021, the region had a total of 5,775 functional

health facilities, including 87 public hospitals, 873 public health centers, 3,565 health posts, six

private hospitals, and 1,244 private clinics.
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Figure 10: Map of selected public health facilities for the study in Amhara Region, March 2022
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The Amhara Region was purposefully selected for this study due to its pioneering role in the
implementation of key pharmacy service and health supply chain initiatives. It was the first
region in Ethiopia to introduce and incubate services such as Auditable Pharmaceutical
Transactions and Services (APTS), Clinical Pharmacy Services, and Drug Information Services.
Furthermore, major supply chain management systems including the Integrated Pharmaceutical
Logistics System (IPLS), the Health Commodity Management Information System (HCMIS),
and mBrana (electronic LMIS) were implemented in the region during the first phase of national

implementation.

These early and comprehensive implementations of various LMIS-related packages make the
Amhara Region an ideal study area for evaluating the Logistics Management Information
System. The evaluation of LMIS in this region will provide valuable insights that can inform the
development of a conceptual model, grounded in a comprehensive understanding of system
performance and the identification of both best practices and operational challenges. Given the
maturity of its health programs and its strategic importance, the study in this region will offer
valuable insights into the performance, successes, and challenges of LMIS, especially in
resource-intensive evaluations where nationwide coverage is not feasible. Moreover, the findings
will support system improvements in other regions which are at the early stage of LMIS
implementation. This approach is strongly recommended in program and system evaluations,
particularly when planning to scale up or improve similar systems at the national level
(Papanicolas I, Rajan D, Karanikolos M, Soucat A, 2022).

The health commodities supply system and distribution in the region are managed through four
Ethiopian Pharmaceutical Supply Service hubs: Bahir Dar Hub, Gondar Hub, Dessie Hub, and
Addis Ababa Branch 2 Hub. However, health facilities supplied by the Dessie Hub were
excluded from the study, as the majority of these facilities were destroyed during the northern
conflict.

According to the 2020 national health workforce update by the Federal Ministry of Health
(FMOH), the region had a total of 61,477 health professionals. This includes 11,154 nurses,
8,781 health extension workers, 4,212 pharmacy professionals, 3,365 health officers, 2,815
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laboratory professionals, 1,710 physicians, 1,073 health IT professionals, 356 anesthesia
professionals, and 155 biomedical professionals (FMOH, 2020c)

4.2.2.Study design

This study employed an institution-based concurrent mixed-exploratory methods design,
conducted in the Amhara National Regional State, Ethiopia. Both quantitative and qualitative
data were collected simultaneously to provide a comprehensive understanding of the LMIS
performance. While the data collection occurred concurrently, the qualitative component
followed a grounded theory approach, utilizing in-depth interviews to inform the development of
a conceptual model (Glaser, B. G., Strauss, 1967).

4.2.3. Source population

The source population for this study includes all public health facilities in the Amhara Region,
health professionals involved in managing health commodities supply chains, and all manual and
digital LMIS platforms implemented in the region. The quantitative survey targeted pharmacy
heads, supply chain coordinators and officers, outpatient pharmacy coordinators, store managers,
and cold chain logistics managers.

For the qualitative component, a purposive sampling approach was used to selected individuals
in key leadership and supply chain coordination roles, including health facility heads, medical

directors, chief executive officers, pharmacy heads, store managers, and supply chain
coordinators from woreda health offices. This was intended to capture critical insights into the
challenges, perceptions, and effective practices influencing LMIS performance and overall
supply chain efficiency, ultimately informing the development of a conceptual model to

strengthen the health commodities supply chain system.

4.2.4. Study Population

The study population included selected public health facilities in the Amhara region and health« | Formatted: Space Before: 0 pt, After:
8 pt

professionals involved in managing the health commodities supply chain system within these

facilities. Participants comprised pharmacy heads, supply chain coordinators, supply chain
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officers, store managers, outpatient pharmacy coordinators, and EPI focal persons responsible for
vaccine management. Manual and digital Logistics Management Information System platforms
implemented across multiple zones were also considered. Additionally, individuals in leadership
and decision-making roles such as health facility heads, medical directors, chief executive
officers, and supply chain management coordinators from woreda health offices were included to

provide broader insights to the LMIS performance. The participants for both the qualitative and

guantitative surveys were selected based on their day-to-day involvement in supply chain

management, LMIS-related activities, and decision-making processes. However, professionals

involved in patient care, immunization, and dispensing were not included, as their primary focus

is on patient-related services rather than supply chain operations.

[Formatted: English (U.K.)

4.2.5. Sampling Procedure

For this study, public health facilities across all zonal administrations were considered for
sampling, except those located in areas with significant security concerns. Specifically, six zonal
administrations were excluded from the study for two primary reasons. First, the majority of
health facilities in Waghimra, North Wollo, South Wollo, and the Oromia Special Zone had been
severely damaged due to conflict, resulting damage to LMIS documentation and the looting of
health commodities in health facilities. Second, ongoing security issues in West Gondar, North
Gondar, Waghimra, and North Wollo Zones made data collection infeasible during the study
period. Despite partial damage to some facilities, North Shewa and South Gondar Zones were
included in the final sampling process.

To select the health facilities for the study, a multi-stage stratified random sampling method was
employed, using proportional allocation based on the number of facilities. Initially, public health
facilities were stratified by zone and categorized by level of facilities, which included referral
hospitals, general hospitals, primary hospitals, and health centers. Health Posts were excluded for
two key reasons: they handle only a limited range of tracer medicines and do not use the standard
LMIS platforms implemented in higher-level facilities. Instead, Health Posts rely on a single
reporting format, the Health Post Monthly Reporting and Requisition Form (HPMRR), which is

submitted to the corresponding Health Centers for reporting and resupply.
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The six selected zones were further grouped into three clusters based on the Ethiopian
Pharmaceutical Supply Service (EPSS) hubs responsible for supplying health commodities:

o Cluster 1: Central Gondar (supplied by the Gondar hub)

e Cluster 2: South Gondar, East Gojjam, Awi Zone, and West Gojjam (supplied by the
Bahir Dar hub)

o Cluster 3: North Shewa (supplied by Addis Ababa hub 2 and the Dessie hub)

Both Zones from Cluster 1 and Cluster 3 were automatically included in the study. From Cluster
2, two zones were selected based on distance from the Bahir Dar hub, as distance is a key factor
influencing supply chain efficiency and LMIS performance. Facilities in South Gondar, Awi
Zone, and some parts of West Gojjam are situated at an average distance of around 100 miles
from the hub, whereas facilities in East Gojjam are located more than 100 miles away. Therefore,
West Gojjam (the closest) and East Gojjam (the farthest) were selected to ensure variation in
geographic accessibility. In each of the selected zones, woredas were stratified based on their
distance from the zonal town administration. To capture logistical and geographic variations, the
nearest and farthest woredas were selected from each zone, based on their average distance from
the zonal town administration. Facilities in Bahir Dar and Gondar city administrations were
included in the surrounding catchment zones for stratification purposes. However, Dessie city
administration and the Dessie hub were excluded due to extensive damage of health facilities and
the hub.

Following the USAID Logistics Indicators Assessment Tool (LIAT) recommendation for
pharmaceutical logistics assessments, 15% of eligible facilities were selected for inclusion in the
study (USAID | DELIVER PROJECT, 2008). Sample sizes for each zone and woreda were
allocated proportionally, and health facilities were randomly selected within each woreda using
the Research Randomizer online tool. In cases where the calculated sample size resulted in a
fractional value, the number was rounded up to the nearest whole number. Finally, a total of 102
facilities were selected, comprising 5 referral hospitals, 4 general hospitals, 10 primary hospitals,
and 83 health centers.
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Figure 11:Multi-Stage Stratified Sampling of Health facilities for the study

A full census was conducted of all health professionals engaged in the management of health
commodities and LMIS for the quantitative, interviewer-administered survey. These
professionals included pharmacy coordinators, supply chain officers, outpatient pharmacy
coordinators, store managers, and focal persons for the Expanded Program on Immunization
(EPI) or cold chain officers. For the qualitative in-depth interviews, participants included
medical directors, health center heads, pharmacy heads, chief executive officers, and woreda-
level health supply chain coordinators.

4.2.6.Inclusion and Exclusion Criteria

4.2.6.1.Inclusion Criteria

e All Zonal Administrations

o All public health facilities that have been functional for more than one year

o All health professionals related with health supply chain management system in
the facility and Woreda Health Office

o All Manual/digital logistics management information systems implemented in
more than one Zonal Administrations

4.2.6.2.Exclusion Criteria

e Health facilities located in conflict-affected areas or those with security issues
during the study period
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e Health Posts
e Manual and digital information management tools used for services other than
health commodities

e Participants who were not accessible at the time of the survey
4.2.7.Data Collection Methods

4.2.7.1. Data Collection Tools

For quantitative data collection, various data abstraction checklists and interviewer-administered
questionnaires were utilized. These tools were adapted from the Logistics Indicator Assessment
Tool (LIAT) and the Logistics System Assessment Tool (LSAT) developed by USAID, the
Federal Ministry of Health’s Supply Chain Monitoring and Evaluation Framework, the Amhara
Regional Health Bureau’s supportive supervision checklist, and other relevant literature sources
(Annex 1-VI) (USAID Deliver Project, 2008, 2011; FMOH, 2019). For qualitative data
collection, guiding questions with probing points were employed to conduct in-depth interviews

with key informants (Annex-V1I).

4.2.7.2.Data Collectors

A total of 12 pharmacists were recruited for data collection. These included postgraduate
students in Health Supply Chain Management at Addis Ababa University, lecturers from various
universities, and health system experts holding a master’s degree. To ensure familiarity with the
data collection tools, a two-day intensive training was provided by the principal investigator and
the primary supervisor of the project. The overall data collection process was coordinated by the
principal investigator, in collaboration with a senior public health expert and PhD student
familiar with the health system in the study area, under the overall supervision of the primary
supervisor. Key informant interviews were conducted by the principal investigator and data

collectors with prior experience in qualitative research.
4.2.8.Data Collection Procedures

Data collection procedure employed a combination of structured data abstraction checklists,

interviewer-administered questionnaires, observations, and in-depth interviews. Quantitative data
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were gathered through document reviews, structured interviews, and physical observations
conducted by well-trained and experienced data collectors. Responsible personnel in each
department assisted in identifying and locating relevant documents. Data were extracted from
various LMIS recording tools, including Bin card, stock recording card, Model 19/H, Model
22/H, RRF, IFRR, HPMRR, vaccine ledger books, VRF reports, quarterly monitoring and
evaluation reports, and vaccine temperature recording chart-and-etherrelevant-EMIStools. The

other LMIS tools were checked only for the physical availability and utilization. In addition,

physical counts of selected vaccines in refrigerators and tracer medicines on store shelves were

conducted to assess inventory accuracy.

For interviewer-administered data collection, a structured questionnaire comprising closed-
ended, partially open-ended, and Likert-scale items was used. The questionnaire was structured
into distinct sections, each tailored to engage experts based on their specific roles and

responsibilities related to overall LMIS performance, vaccine-specific LMIS, and digital LMIS.

For qualitative data collection, open-ended guiding questions with probing points were used in
in-depth interviews with key informants. Grounded in a theoretical sampling approach, these
interviews began with broader questions on supply chain performance and progressively focused
on the Logistics Management Information System (LMIS), exploring its strengths, weaknesses,
challenges, and opportunities for improvement. The English version of the data abstraction and
questionnaire were utilized for quantitative data collection, while the Amharic version was
employed for qualitative data collection. All interviews were audio-recorded with participants'

consent to ensure the accuracy and depth of the qualitative data collected.

4.2.9. Data Quality Assurance

To ensure the validity and reliability of the data, a rigorous quality assurance process was
implemented. A data triangulation technique was employed, incorporating multiple sources and
methods, including document reviews, structured observations, interviews, and in-depth
qualitative interviews to enhance the credibility of the findings. Data collection tools were
adapted from both national and international reputable sources. These tools were face-validated

by ten experts in the field and pre-tested in three health facilities (one hospital and two health
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centers). Feedback from the pre-test was used to make necessary amendments, improving clarity,
relevance, and internal consistency. Moreover, based on pre-test findings, the data collection
method was modified from self-administered to interviewer-administered to further enhance data

quality.

Additionally, reliability and validity tests were conducted, yielding strong Cronbach’s alpha
values across various sections of the questionnaires (0.755, 0.861, 0.950, 0.987, and 0.963), all of
which indicate acceptable internal consistency. Data collectors participated in a comprehensive
two-day training to ensure standardized and consistent administration of the tools. The study
adhered to the STROBE guidelines for observational study design, as outlined by the
EQUATOR Network (EIm et al., 2008).

During the initial days of fieldwork, supervisors reviewed audio recordings of the interviews and
provided feedback to interviewers, focusing on refining their probing techniques and improving
consistency. The interviews followed a theoretical sampling approach, were audio-recorded with
participants' consent, and subsequently transcribed. Transcripts were shared with selected
participants for verification to ensure the accurate representation of their views._In addition,
expert validation was carried out throughout each step of the qualitative data analysis using

MAXQDA software. An experienced researcher, co-investigator of this study reviewed the

coding process, cateqgory development, and emerging themes to ensure consistency, credibility,

and alignment with the study objectives

4.2.10. Reflexivity .

The principal investigator, a pharmacist with experience at both federal and facility levels of the «

healthcare system, led the study. The interview team consisted of pharmacists with extensive

health system experience and at least a master's degree in health supply chain management or

related fields. All interviewers possessed in-depth knowledge of LMIS implementation

challenges. Aware of the potential for bias in qualitative research, the team engaged in reflexivity

by critically examining their own experiences, assumptions, and professional backgrounds. Prior

to data collection, they discussed their roles to ensure clarity and transparency. This reflexive

approach aimed to minimize unconscious bias and maintain the authenticity of participants’

44

Formatted: List
Paragraph,References, List
Paragraphl,List bullet,F5 List
Paragraph, List numbered,Evidence on
Demand bullet points,Indent
Paragraph,Heading3, List
Paragraph11,List Paragraph2,List
Paragraph Char Char,Normal
Sentence,b1,Colorful List - Accent
11,lp1, Outline numbered + Level: 3 +
Numbering Style: 1, 2, 3, ... + Start at:
1 + Alignment: Left + Aligned at: 1.43
cm + Indent at: 2.7 cm

( Formatted: Left




responses. The principal investigator conducted transcription, coding, and analysis, approaching

the data with openness to ensure the findings reflected the lived experiences of key informants

rather than personal preconceptions.

4.2.10:4.2.11. Data Analysis, Interpretation and Dissemination

The quantitative data were first reviewed for completeness and internal consistency. Then, the
data were entered into Epi Info Version 7 for initial processing and exported to SPSS Version
23.0 for enhanced data management and analysis. The data underwent cleaning, with variables
sorted and any missing entries cross-checked. Descriptive statistics were summarized using
tables and graphs, and bivariate analysis was conducted for selected variables. A p-value of
<0.05 was considered indicative of a statistically significant association.

The qualitative data were carefully reviewed, and the audio recordings of the interviews were
systematically coded. Following this, the recordings were transcribed into English to ensure
accuracy and consistency. The resulting transcripts were then imported into MAXQDA (version
24.4.1), a software tool for computer-assisted qualitative and mixed methods data analysis
(Radiker, 2023). The qualitative analysis followed a grounded theory approach, beginning with
open coding, followed by axial coding to explore patterns and relationships among the identified
codes. The final step, selective coding, involved systematically relating these categories and
refining them into a conceptual model.

The grounded theory analysis followed an iterative process of coding, with continuous
comparison and refinement of categories. This approach allowed for the identification of factors
influencing LMIS performance and supported the development of a comprehensive conceptual
model for public health facilities. The analysis ensured that all relevant data were considered,
guided by the "all is data" principle, which treats any information encountered during the study
as potentially relevant.—TFhe—sample—size—of-83—participants—ahigned—with-—Creswell's (2007}
recommendations—{Creswell,2007). Although data collection occurred at a single time point

without iterative rounds, theoretical saturation was pursued by maximizing the sample size and

monitoring for the emergence of new concepts. Eighty-three participants were interviewed,

exceeding Creswell’s (2007) and Khan’s (2014) recommended sample ranges. In the absence of
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iterative interviews, capturing rich, in-depth data during a single interaction was critical (Birks

and Mills, 2011; Corbin and Strauss, 2015). Although no new insights emerged beyond the

transcripts of 50 participants, the larger sample enabled the identification of well-represented

concepts articulated from diverse perspectives_as well as enrich the contextual depth. A data

structure was used to visualize the identified categories, illustrating the progression from raw
data to categories, an essential element in demonstrating rigor in qualitative research. This
method of analysis adhered to Strauss and Corbin’s (1990) coding paradigm, providing a
structured framework for examining relationships between categories and concepts (Corbin J and
Strauss A, 2015). By systematically linking causal conditions, context, intervening conditions,
action/interaction strategies, and consequences, this approach enhanced the depth and precision
of the conceptual model.

4.211.4.2.12. Ethical Consideration

The research proposal was reviewed and approved by the Ethical Review Committee of the
School of Pharmacy (Protocol No: ERB/SOP/399/14/2022), and subsequently by the
Institutional Review Board of the College of Health Sciences, Addis Ababa University (Protocol
No: 007/22/SoP). Following IRB approval, a formal letter was issued by the Department of
Pharmaceutics and Social Pharmacy to the Amhara Public Health Institute to obtain ethical
clearance from the regional research ethics review board. Upon receiving regional approval,
permission letters were obtained from the Amhara Public Health Institute to conduct the study in
the respective Zones, Woredas, and Health Facilities. Support letters were also issued to the
Zonal Health Departments, followed by the respective Woreda Health Offices, to facilitate the

conduct of the research in public health facilities (Annex VII1).

The purpose of the study was clearly explained to all participants. Verbal informed consent was
obtained after participants fully understood the information provided. All interviews and
discussions were audio-recorded with participants’ permission. To ensure confidentiality, no
individual identifiers were included in the data collection, and all data were analyzed in
aggregate. Additionally, qualitative findings from key informant interviews were shared with

some of the respective participants for validation and approval.
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Chapter Five: Key Findings

5.1 Introduction

The results are organized into several sections: Section 5.2 provides general information about
the surveyed health facilities and key respondents; Section 5.3 discusses LMIS-related
infrastructure and initiatives, including physical resources and supply chain activities; Section
5.4 addresses LMIS reporting and feedback mechanisms; Section 5.5 evaluates LMIS data
quality, focusing on inventory and reporting accuracy; Section 5.6 assesses Vaccine LMIS
(VLMIS) performance, infrastructure, and data management; Section 5.7 examines Digital LMIS
(eLMIS) implementation, usage, and user perceptions; Section 5.8 evaluates LMIS tools features
and system requirements, highlighting usability and integration issues; and Section 5.9 presents a
conceptual model illustrating how systemic, contextual, and operational factors influence LMIS

and supply chain performance, emphasizing areas for targeted improvement.
5.2 General Information

A total of 102 health facilities were included in the LMIS performance assessment. Of these, 96
EPI focal persons participated in the evaluation of vaccine-related LMIS, 150 supply chain
experts assessed the features and requirements of LMIS tools, 27 end users participated in the
digital LMIS evaluation, and 83 key informants were interviewed for the development of a

conceptual model.
5.2.1. Overview of Surveyed Health Facilities

A total of 102 public health facilities were surveyed in this study, with 58.8% situated in rural
areas. The majority of these were health centers (84.3%), followed by primary hospitals (9.8%).

(Figure-9)-
The facilities were spread across four zonal administrations: West Gojjam (29.4%), East Gojjam

(25.5%), North Shewa (23.5%), and Central Gondar (21.6%). The study covered 19 rural
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woredas and 9 urban (city and town) administrations. On average, the surveyed facilities were
located 11.98 + 9.56 kilometers from the woreda town and 63.13 + 60.7 kilometers from the
zonal town. The mean distance from the regional capital was 149.58 + 146 kilometers, while the
average distance from the Ethiopian Pharmaceutical Supply Service (EPSS) hub was 96.6 + 82.5
kilometers. The average duration of service of these facilities was 19.4 + 16.9 years. Each
facility was linked, on average, to 4.9 + 2.07 lower-level health facilities through the referral

system
5.2.2. Profile of EPI Focal Persons

Out of the 102 public health facilities included in the study, VLMIS data were collected from 99
facilities. Two facilities had not yet initiated EPI services, and one had suspended services after
being converted into a COVID-19 treatment center. Among the 99 facilities assessed for VLMIS
performance, 98 had designated EPI focal persons responsible for managing the vaccine supply
chain. A total of 96 EPI focal persons were interviewed. The mean age of respondents was 28.97
* 4.21 years. More than half were female nurses 51 (53.1%). Regarding academic qualifications,
36 (37.5%) held bachelor's degrees, while 60 (62.5%) held diplomas. On average, respondents
had 6.9 * 4.03 years of overall professional experience, including 2.1 + 1.54 years specifically
serving as EPI focal persons. Their mean experience in other pharmaceutical supply chain-
related activities was 0.3 = 0.87 years.

5.2.3. Profile of Digital LMIS End Users

Out of the 102 public health facilities included in the study, only 37 had implemented a digital
Logistics Management Information System (LMIS). With the exception of four facilities, 33
(89.2%) were located in urban areas. Among these, 16 (43.2%) had installed Dagu 1.0, while the
remaining 21 (56.8%) had installed Dagu 2.0. Of the 37 facilities that implemented the eLMIS,
only 27 eligible eLMIS end users were available and interviewed using an interviewer-
administered questionnaire. Two-thirds of the respondents were male, and all were pharmacy
professionals. The majority held bachelor's degrees (66.7%), while the remaining respondents

were diploma holders.
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5.2.4. Profile of Experts for LMIS tools Evaluation

A total of 150 healthcare professionals were included in the evaluation of LMIS tools, revealing
a predominantly young and male workforce. Among the participants, 74.7% were under the age
of 30, and 68.7% were male. Most respondents were pharmacy professionals (99.3%), primarily
working in health centers (68.7%) and urban areas (56%). The majority held diplomas (73.3%),
while 25.3% held bachelor's degrees and only 1.3% had master's degrees. Most participants
served as pharmacy heads (44.7%) or store managers (41.3%). A substantial proportion (70%)
reported having less than five years of experience in healthcare supply chain management, and
53.3% had less than five years of overall professional work experience.

5.2.5. Profile of Key Informants for Conceptual Model Development

A total of 83 key informants were interviewed for the qualitative study. The majority of
participants (80.72%) were working in health centers, while the rest were from primary hospitals
(10.84%) and Woreda Health Offices (8.43%). The average age of participants was 31.35 years,
ranging from 25 to 39 years, with the vast majority being male (96.39%). In terms of profession,
Health Officers constituted the largest group (43.37%), followed by Nurses (25.30%),
Pharmacists (20.48%), Midwives (6.02%), and Medical Doctors (4.82%). Regarding educational
background, most participants (80.72%) held a bachelor's degree, while others had diplomas
(10.84%), master's degrees (7.23%), or medical specialty qualifications (1.20%). The majority of
participants (69.88%) held Health Center Head positions. Others served as Pharmacy Heads
(10.84%), Woreda Supply Chain Management Coordinators (9.64%), Chief Executive Officers
(7.23%), and Medical Directors (2.41%). On average, participants had 7.87 years of professional
experience, ranging from 3 to 15 years, and an average of 2.61 years in their current position,
with a range of 0.5 to 9 years.5

5.3. LMIS Related Infrastructures and Initiatives
5.3.1. LMIS Related Infrastructure

Among the surveyed 102 health facilities, 98 (96.1%) had an electric power supply on the day of
the visit, but 28 (28.6%) experienced interruptions on the same day. Backup generators were

available in 63 (61.8%) of the facilities. Internet access was available in 42.2% of facilities, but
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only 58.1% of these had access in the pharmacy department, using mainly wireless (55.8%) and
broadband (44.2%) connections. Half of the facilities lacked dedicated computers for supply
chain and LMIS activities, while the other half had at least one computer. Additionally, 61.8% of
facilities had budgets allocated for printing and duplicating LMIS formats.

5.3.2. LMIS Related Initiatives

Health facilities had an average of 7.05 + 6.07 dispensaries. The average number of pharmacy
personnel present during the visit was 5.36 *+ 8, ranging from 1 to 56 per facility. Only 62
(60.8%) facilities had a designated health commaodities supply chain management coordinator.
On average, 1.65 + 1.34 professionals (95% CI [1.38, 1.91]) were assigned to supply chain
activities. The average number of finance professionals assigned to supply chain tasks was 0.95
+2.44 (95% CI [0.43, 1.48]). Most facilities (81.4%) received supplies directly from EPSS hubs,
mainly Bahir Dar (54.9%), Addis Ababa (23.5%), and Gondar (21.6%). The most implemented
services were IPLS (96.1%), DTC (92.1%), and ART (50%), while DIS (30.4%), APTS (18.6%),

and clinical pharmacy (10.8%) were least practiced.

5.3.3. Availability, Utilization, and Supply of LMIS forms

The availability and utilization of LMIS forms varied significantly across healthcare facilities.
IFRR and RRF were the most available and utilized, present in 99% and 98% of facilities,
respectively. Bin Cards were available in 96.1% and used in 89.8% of facilities. In contrast, the
HCMIS Guide/Manual had the lowest availability (18.6%), though it was used in 84.2% of those
facilities. Stock Record Cards were available in only 27.5% of facilities but had a 92.9%

utilization rate in the facilities where it was available.

At 19 APTS sites, Cash Sales Tickets, Daily Summary Sheets, and Sales Ticket Pad Registers
had 100% availability and utilization. The Free Registration Book had the lowest availability
(89.5%). Most APTS forms had sufficient supply for three or more months. Similarly, among 51
ART sites, the ART Monthly Activity Report and ART Register were available in 98% of
facilities, while the EDT form had the lowest availability (17.6%). These disparities in form

availability and use contribute to data quality challenges and undermine the overall performance
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of LMIS, ultimately affecting supply chain efficiency and the consistent availability of health

commodities.
5.4, LMIS Reporting and Feedback

Most health facilities (75.5%) submitted LMIS reports to Woreda Health Offices (WoHO), with
others reporting to EPSS (60.8%), Zonal Health Departments (15.7%), and the Regional Health
Bureau (2.9%). Reports were mainly transported via public transport (48%), facility vehicles
(37.3%), and private vehicles (20.6%). However, only 37.3% of facilities received written
feedback, primarily from WoHO (76.3%). Supportive supervision on LMIS and supply chain
was reported by 71.6% of facilities in the past year, mainly from WoHO (52.1%) and Zonal
Departments (31.5%). This support enhanced logistics practices such as APTS, DAGU, DIS,
DTC, IFRR, bin cards, RRF, data quantification, and stock management.

5.5. LMIS Data Quality

The assessment of data quality for the LMIS focused on inventory and reporting accuracy of
seven key tracer medicines associated with significant public health programs. The study
analyzed data from 88 facilities using bin cards and found significant inconsistencies in update
rates, ranging from 39.8% for Oxytocin Injection to 68.2% for RHZE/RH. Notably, Oxytocin
Injection exhibited the largest physical inventory discrepancy at 26.3%, while other medicines
like TDF/3TC/DTG and Artemether + Lumefantrine had lower discrepancies. Electronic
inventory records also demonstrated variations, particularly with RHZE/RH, TDF/3TC/DTG,
and Artemether + Lumefantrine. Overall, physical inventory accuracy averaged 74.7%, while
electronic accuracy was slightly lower at 70.6%, indicating challenges in inventory data quality

for both systems.

Of 102 facilities, 100 used the Report and Requisition Form (RRF) for bi-monthly reporting.
Among 600 reports reviewed, 82% and 94% of the most recent two submissions had recorded
reporting dates. Timely submission within 10 days was generally high, with 67% to 79%
submitted within 5 days, and 7% to 16% within 6 to 10 days. Only a few reports were submitted
late. Non-submission rates ranged from 6% to 18%, highlighting areas for improvement in

timeliness of reporting.

51



The RRFs showed over 90% completeness for six of the seven tracer medicines. However,
reports for TDF/3TC/DTG were consistently below 70%, averaging 65.7%. Overall, the mean
completeness across all tracer medicines was 90.2%, indicating strong performance with some
gaps. The legality of the RRF reports was assessed across five data components, showing an
overall increase over time. The "who prepared the report" component peaked at 97% in the
second period and dropped to 81% in the sixth. "Who approved the report™ varied from 83% in
the second period to 74% in the sixth. Verification rates declined from 66% to 53%, and the
presence of an official stamp and cover letter followed similar patterns, with the highest rates in
the earlier periods and the lowest in the sixth. The overall average legality of the RRF was
77.2%.

Illegible items were present in the RRFs across all reporting periods. Of the 100 health facilities
using RRFs, the percentage of facilities with illegible RRFs ranged from 19% in the second
period to 31% in the sixth period. The average percentage of illegible items per report varied
from 2.8% in the fifth period to 6.4% in the first period. The accuracy of the RRF reports was
evaluated using eight key data components essential for resupply decisions. The highest accuracy
was recorded for Amoxicillin 250 mg dispersible tablets (81.1%), while the lowest was for
Oxytocin Injection (68.5%). Among the data components, “verified calculated consumption” had
the highest accuracy (88.9%), and “ending balance on RRF vs. bin card” had the lowest (46.4%).
The overall average accuracy across all tracer medicines and components was 76%, indicating

moderate reliability with areas needing improvement.

5.6. Vaccine LMIS (vLMIS) Performance

Vaccine LMIS data were collected from 99 of 102 targeted facilities, excluding two that had not
yet initiated EPI services and one that was repurposed for COVID-19 care. A majority of
facilities (68.7%) lacked dedicated vaccine storage rooms, using shared immunization
department spaces instead; all operated manual VLMIS with no digital systems, though each had
at least one functional refrigerator. The presence of functional temperature monitoring devices
was high (93.9%), and temperature recording charts were available in 89.5% of cases. However,
only 82.8% of facilities consistently documented fridge temperatures in accordance with WHO

recommendations. The availability and utilization of VLMIS forms were relatively low,
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averaging 44.1% and 40.5%, respectively. While the Vaccine Request Form (VRF) was widely
available (97%) and most facilities had a three-month supply (93.9%), essential stock-keeping
forms like the Bin Card and Stock Card were nearly absent.

Regarding data quality, the average inventory accuracy rate for tracer vaccines (Penta, BCG, and
Measles) was 58.3%, with only half of the facilities updating their stock ledger prior to the visit.
Based on one year of monthly VRF reporting data, 44 (44.4%) facilities did not submit a VRF
report in the latest (12th) reporting period. While 65.7% of facilities submitted their reports on
time in the most recent period, only 41.4% met the deadline in the latest period, indicating a

decline in timeliness over time.

Completeness of VRF data was relatively high, at 88.4% for urban and 87.8% for rural forms,
though specific data items like “doses discarded” and “vaccinations given in the last supply
period” had lower completeness rates. Accuracy scores were moderate, with urban VRF at

73.4% and rural at 69.6%, though several key data elements had accuracy rates below 60%.

Of the EPI focal persons surveyed, 76% reported receiving supportive supervision for vaccine
supply chain and VLMIS issues, with 34.2% receiving it in the past month. The supervision
primarily addressed vaccine management, reporting, and data quality, resulting in improvements
in these areas. However, only 34.4% received written feedback from higher institutions, mostly

from the Woreda Health Office, with 57.6% receiving feedback in the last three months.

Reflections from EPI focal persons revealed key challenges in VLMIS implementation,
including cold chain and power supply issues, poor forecasting, workforce shortages, inadequate
infrastructure, weak support systems, and limited digital tools. They recommended strengthening
cold chain management, ensuring reliable power, expanding resources and staffing, improving

training and digitalization, and enhancing supervision, coordination, and transport systems.
5.7. Digital LMIS (eLMIS) Performance

Out of 102 public health facilities, only 37 (36.3%) implemented digital LMIS, 43.2% with Dagu
1.0 and 56.8% with Dagu 2.0. Just 67.6% had dedicated eLMIS computers (Mean = 2.4+2.77).

Installations were mainly in store departments, with limited setup in dispensaries or
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administrative offices. Infrastructure support for eLMIS included electricity (78.4%), computers
(67.6%), internet (59.5%), generators (56.8%), and data backup systems (40.5%). At the time of
the visit, eLMIS was functional in 28 (75.7%) health facilities. The RRF was integrated in 27
(73%) facilities, while Model 19/Health and Model 22/Health transaction tools were integrated
in 18 (48.6%) facilities.

The facility version of HCMIS (Dagu) includes four main Dashlets: Activity Log (5 sub-
Dashlets), Transaction (2), Reports (15), and Summary Reports (5). A 27-item, 4-point Likert
scale tool (Cronbach’s Alpha = 0.94) was used to assess end users’ usage frequency, yielding an
overall average rating of 3.13+£0.67. The Activity Log Dashlet showed the highest usage among
all Dashlets (mean = 3.43+0.49). Within it, “Receive” (3.93+£0.27) and “Issue” (3.96+0.19) were

the most frequently used features, while “Stock Transfer” was the least used (mean = 2.78+1.09).

The mean frequency of use for the transaction Dashlets was 3.08+1.35 for Model 19/H and
3.04+1.40 for Model 22/H. The overall mean usage rating for the Report Dashlet was 3.00+0.78.
Among its sub-Dashlets, the electronic bin card was the most frequently used (mean =
3.63£0.88), while HPMMR was the least used (mean = 2.04+1.43).

The overall mean frequency of use for the Summary Report Dashlet was 3.25+0.96. Among its
sub-Dashlets, the stock expiry summary was the most frequently used (mean = 3.41+0.97), while
the cost summary was the least used (mean = 3.07+1.14). Respondents also suggested
enhancements to the digital LMIS dashboard, including features such as an alarm for expired
items, database synchronization (for Dagu 1.0), and options to add/delete items, specify unit of

items, model numbers, and apply price markups.

End users evaluated the facility-version digital LMIS (Dagu) using a 34-item, 5-point Likert
scale tool (Cronbach’s Alpha = 0.82) to assess system performance, satisfaction, and
effectiveness. The highest-rated item was “Dagu benefits/improves facility LMIS performance”
(mean = 4.60+0.50), while the lowest was “The database is linked with higher levels with real-
time end-to-end data visibility” (mean = 1.74+0.98).
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The overall average performance score was 3.21+0.43. Users showed stronger agreement on
performance aspects related to organizational support (mean = 3.42+0.5), and the weakest

agreement on technical skills (mean = 2.53+0.96).

There was a significant mean difference in the frequency of use of transaction Dashlets between
Dagu 2.0 (Mean = 3.63) and Dagu 1.0 (Mean = 1.93) with a P-value of 0.02. Additionally, a
significant difference was found in the frequency of use of transaction Dashlets across
geographical locations. The mean frequency in North Shewa Zone (Mean = 4.0) was

significantly higher than in West Gojjam (Mean = 1.67), with a P-value of 0.009.

A significant mean difference was also observed in end users' agreement on the digital LMIS
performance in terms of health system and organizational support across different versions.
Furthermore, end users with internet access reported significantly better performance in technical

skills compared to those without internet access (Table).

Table: Bivariate and Multivariate analysis variables on the performance of Digital LMIS in
public health facilities of Amhara Region, Ethiopia; March 2022

Item Group Variable Mean Comparison Group P-Value
Health System Support Dagu Version 2.50 Dagu 1,0
3.28 Dagu 2.0 0.039
Organizational Support Internet Access 3.58 Yes
3.07 No 0.01
Technical Skill Internet Access 2.78 Yes
2.03 No 0.021
Organizational Support Experience 3.27 6-10 Years 0.995
(<5 Years) >=11 Years 0.012
Experience 3.29 <=5 Years 0.995
(6-10 Years)
>=11 Years 0.014
Experience 4.00 <=5 Years 0.012
(>11 Years) 6-10 Years 0.014
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5.8. Evaluation of LMIS tools Features and Requirements

Health supply chain management professionals provided detailed insights into LMIS
implementation using a 23-item, five-point Likert scale tool. In terms of LMIS implementation,
the system was generally viewed as user-friendly (3.87), effective for stock analysis (3.80), and
supported by strong staff commitment (3.77). However, key challenges included weak data
backup (2.60), limited digitalization (2.37), and poor end-to-end data visibility (2.01). While data
collection formats were mostly adequate, integration (3.09) and interoperability (2.93) with
broader health systems remained suboptimal. Gaps were also noted in professional training (2.35
+ 1.13) and feedback from higher administrative levels (2.35 + 1.16).

Regarding the LMIS performance, the facility-specific LMIS performance was rated slightly
higher (3.01 + 0.78) than the overall public health system (2.78 + 0.94). Initiatives like APTS
(3.42 £ 1.88), Dagu-2 (3.43 + 1.86), and IPLS (3.36 + 0.79) were seen as beneficial for LMIS.
While staff commitment remained strong (3.41 + 0.88), management (2.97 + 0.96) and
supervisory support (2.38 + 0.99) were rated lower. Ongoing concerns included integration (2.83
+ 0.95), interoperability (2.43 + 1.06), and infrastructure readiness (2.40 + 1.00).

Across various LMIS tools, experts consistently emphasized the high importance of core data
elements, with importance scores exceeding 4.6. However, the frequency of usage of these
elements often lagged behind their perceived importance. In Bin Cards, over 90% of respondents
reported regular use of basic data such as product name and dosage form. However, the use of
more advanced indicators such as average monthly consumption (2.52) and emergency order
point (3.29) was markedly lower. A similar pattern was observed with Stock Cards. Basic items
like dosage form were moderately used (2.54 * 1.45), while advanced indicators such as
minimum stock level (MSL) (2.00 £ 1.17), EOP (2.09 £ 1.24), and AMC (2.00 + 1.24) were
underutilized despite their high importance ratings (ranging from 4.1 to 4.4). In IFRRs,
commonly recorded elements included Item Name (3.98 + 0.18) and Quantity Received (3.97 +
0.21). Conversely, data points like Remarks (3.68 + 0.73) and MSL (3.72 £+ 0.74) were less
consistently documented. In RRFs, essential items such as Beginning Balance and Ending
Balance were recorded with near-perfect frequency (4.00), and their importance was similarly
rated highly (4.83-4.86). However, elements such as "Products with Less than Six Months Shelf
Life" had the lowest recording frequency (3.37 = 1.05). For Model 22/H forms, frequently
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documented items included Date (3.99 + 1.00), Receiver Name (3.98 + 0.14), and Quantity
Issued (3.98 + 0.14), while Drug Code (3.10 £ 1.25) and Total Selling Price (3.38 + 1.15) were
recorded less frequently. In Model 19/H forms, Quantity Received (3.97 £ 0.17) and Total Cost
(3.94 £ 0.28) were consistently documented, but Drug Code (3.17 = 1.18) showed lower

utilization.

Among manual LMIS tools, Model 22/H (4.48), Model 19/H (4.44), and the RRF (4.61) were
perceived as the most user-friendly, while the Stock Card was viewed as the least convenient
(3.63). The RRF (4.61) and Model 22/H (4.59) forms scored highest in the inclusion of essential
data items. Data aggregation and reporting functions were generally well-regarded across tools.
Uniformity was highest in the RRF (4.37), while consistency with other records peaked in Model
22/H (4.36). However, IFRR (3.96) and RRF (3.91) exhibited relatively higher error rates. In
terms of time consumption, the Stock Card was rated the most labor-intensive (3.04), whereas
Model 19/H was considered the most time-efficient (3.83).

Digital LMIS tools were generally preferred over manual systems, particularly for efficiency and
error reduction. The Bin Card was rated as the most user-friendly digital tool (4.81), followed by
the Stock Card (4.70), while Model 22/H received the lowest usability score among digital tools
(4.61). The IFRR scored highest for inclusion of data elements (4.75), aggregation (4.87), and
reporting capabilities (4.88). It also performed best in terms of uniformity (4.68) and consistency
(4.66). Error rates were lowest in the Bin Card and IFRR tools (both 4.70). Time efficiency was
generally higher across digital tools, with the Bin Card being the most time-saving (4.47).
However, integration and interoperability remained weak, particularly for the Model 19/H and
22/H digital tools (both 3.67).

5.9. Conceptual Model for LMIS Performance

The performance of the health commaodities supply chain (HCSC) in public health facilities of
the Amhara Region is shaped by a complex interaction of systemic, contextual, and operational
factors. A grounded theory analysis using MAXQDA, guided by the Corbin and Strauss
framework, identified interrelated causal, contextual, and intervening conditions that influence

access to essential commodities, wastage reduction, and service delivery.
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Causal conditions include limited capacity within the EPSS marked by low fill rates, delayed
deliveries, near-expiry stock, and mismatches between supply and demand. These issues lead to
frequent stockouts and reliance on costlier, less reliable private suppliers. Inefficiencies in the
LMIS such as manual data entry, inaccurate reporting, and limited data visibility further

undermine inventory control and demand forecasting.

Contextual challenges including inadequate budgets, bureaucratic procurement processes, and
limited political commitment significantly impede efforts to reform the supply chain system.
These issues are compounded by the expansion of the Community-Based Health Insurance
(CBHI) scheme, which has increased service demand without guaranteeing timely financial
reimbursements to health facilities. Additionally, broader macroeconomic pressures such as
inflation, coupled with infrastructural deficiencies and regional insecurity including ongoing
conflict and a high number of internally displaced persons further destabilize supply chains and

compromise the continuity of healthcare service delivery.

Intervening factors include weak LMIS performance, limited digital integration, fragmented
reporting, and poor monitoring systems. Human resource shortages, high turnover, inadequate
training, and resistance to new technologies reduce system adaptability. A lack of policy
advocacy and coordination across sectors also hinders sustainable change.

Addressing these challenges requires integrated strategies, including digitalizing the LMIS to
enhance data accuracy and inventory control, optimizing stock management, upgrading
infrastructure, and strengthening the health workforce. These must be supported by policy
reforms in procurement, budgeting, and public-private partnerships to enable long-term
improvements. When effectively implemented, such measures can significantly improve supply
chain performance ensuring timely, equitable access to health commodities, reducing wastage,
and enhancing healthcare delivery. This, in turn, fosters staff motivation, operational efficiency,
and a reinforcing cycle of continuous improvement, with sustainable progress relying on

coordinated reforms across systems, infrastructure, policy, financing, and human resources.

Similar to the health commodities supply chain, the performance of the Logistics Management

Information System (LMIS) in the Amhara Region is shaped by a complex interaction of causal,
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contextual, and intervening factors. Causal challenges primarily stem from systemic limitations,
including inconsistent data recording practices, the parallel use of manual and digital systems,
and the absence of standardized reporting tools and formats such as the RRF, HPMMR, and
IFRR. These technical deficiencies are compounded by weak data governance, inadequate
human resource capacity, and limited financial investment in digital infrastructure and workforce
development. Moreover, the fragmented implementation of key initiatives such as APTS, DTC,

and integrated digital platforms reflects a lack of strategic coordination and alignment.

Contextual factors further constrain LMIS functionality includes; infrastructural challenges,
including unreliable electricity, limited ICT capacity, inadequate transportation networks, and
insufficient storage facilities. Geographic inaccessibility and seasonal disruptions further hinder
system operations. Security concerns including armed conflict, public health emergencies, and
large-scale displacement exacerbate operational difficulties by diverting critical resources and
disrupting routine service delivery. While government and development partner support exist,
inconsistent engagement and variable funding hinder the continuity and long-term sustainability
of LMIS initiatives.

Intervening conditions such as workforce availability and performance significantly mediate
these challenges. Persistent shortages of trained personnel, ongoing skill gaps, low motivation,
and resistance to adopting new technologies hinder effective LMIS use. Additionally,
institutional support, limited supervision, and the absence of structured performance feedback
mechanisms constrain adaptability and accountability. Nonetheless, targeted interventions such
as structured training programs, ongoing professional development, and regular audits can

enhance workforce capacity, improve data quality, and strengthen overall system resilience.

To address these multifaceted challenges, the conceptual model underscores the importance of
digitizing and integrating LMIS platforms (e.g., Dagu-2) to standardize data collection, improve
real-time inventory visibility, and enhance reporting efficiency. These efforts must be supported
by investments in digital infrastructure, including reliable internet access, hardware provision,
and ICT training. Strengthening institutional support through increased funding, robust
supervision frameworks, and effective stakeholder coordination is essential. Furthermore,

sustained workforce development through continuous training, mentorship, and performance
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incentives alongside the institutionalization of regular monitoring and feedback mechanisms, is

critical for achieving long-term improvements.

When implemented effectively, these strategies are expected to significantly improve LMIS
performance by enhancing data accuracy, transparency, and accountability. Access to real-time,
high-quality data will enable evidence-based decision-making, optimize resource allocation, and
ensure the timely and equitable distribution of essential health commodities. Ultimately, these
improvements will contribute to a more resilient health system and better public health

outcomes.

Chapter Six: Discussion and Implication of the Study

6.1 Discussion

This comprehensive evaluation of health commodities LMIS in public health facilities of the
Amhara Region reveals a complex landscape marked by commendable progress, persistent
challenges, and opportunities for improvement. A reliable infrastructure is essential for the
effective functioning of LMIS in health facilities. Although 96.1% of facilities had operational
electricity, a substantial number experienced recurrent power outages, and only 61.8% had
functional backup generators, revealing systemic vulnerabilities that compromise LMIS
operations, including electronic data transmission and timely report submission (PFSA, 2015;
EPSA, 2019). Furthermore, only 42.2% of the facilities had internet access, which often did not
extend to pharmacy departments, limiting the optimal use of digital LMIS. These constraints
mirror findings in Addis Ababa which underscored weak internet infrastructure as a barrier to
effective digital LMIS in Ethiopia (Endeshaw et al., 2020). The shortage of dedicated computers
hampers real-time data reporting and diminishes the potential benefits of digital systems like the
HCMIS (Dagu) platforms, as documented in similar settings (Snow, 2017; EPSA, 2019; Alemu
et al., 2021). Improving power reliability and ICT infrastructure is essential to enabling real-time
data entry and seamless digital operations (USAID | DELIVER PROJECT, 2012; WHO, 2021b,
2024)
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In parallel, human resource constraints remain a critical challenge. On average, only 1.65
professionals were responsible for managing supply chain activities per facility, and 39.28% of
facilities lacked designated supply chain coordinators. This shortage undermines effective
oversight and accountability and aligns with previous studies that highlight persistent gaps in the

availability of skilled supply chain personnel (Tiye and Gudeta, 2018; Bilal et al., 2019).

A major challenge identified is the inconsistent availability and use of standard LMIS tools.
While forms like IFRR and RRF are widely used, other LMIS tools barely available which is
consistent with studies in Ethiopia (Mekonnen, Worku and Tefera, 2024). In the VLMIS context,
the mean utilization rate of 15 intended LMIS tools stood at only 40.5%, with poor use of
essential tools like bin cards. This low availability and tool utilization impacts inventory
visibility and decision-making (Pk and Mirza, 2015; Gilbert et al., 2020).

Despite 75.5% of facilities regularly submitting reports to Woreda Health Offices, only 37.3%
received written feedback, and 71.6% reported receiving supportive supervision within the past
year. These findings reflect broader challenges related to weak communication and
accountability mechanisms in LMIS operations, consistent with studies conducted in Northwest
Ethiopia and elsewhere (Tiye and Gudeta, 2018; Gemechu et al., 2021). The lack of structured
feedback and supervisory engagement hinders data-driven decision-making and weakens the
progress of health facilities. Additionally, even though reporting practices are widely adopted,
there remains a notable disconnect between data submission and the practical use of feedback to
inform decisions an issue also identified by (Damtie, Ibrahim and Yikna, 2020; Endeshaw et al.,
2020). This underutilization of data severely compromises the supply chain's responsiveness and

efficiency.

There is a notable gap in the data quality of the health commodities LMIS in the study area. The
mean physical and electronic inventory accuracy rates for tracer medicines were 74.7% and
70.6%, respectively. Significant discrepancies were observed in critical medicines, such as
Oxytocin Injection, which had the highest error margin (26.3% + 98.9), indicating serious gaps
in inventory management. These inaccuracies can lead to stockouts, particularly of life-saving
medicines—thereby adversely affecting maternal and neonatal health outcomes (Omo-emmanuel
et al., 2017; Global Fund and GAVI, 2019). Compared to other regions, the Amhara Region's
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inventory accuracy was moderate: higher than West Wollega (52.45%) (Kebede and Tilahun,
2021) but lower than Addis Ababa (90.6%) (Gemechu et al., 2021)and South West Ethiopia
(87%) (Bekele and Anbessa, 2021). This variation is largely attributed to workforce shortages,
the absence of robust digital systems, and the burdens of manual record-keeping, which hinder
timely updates and reconciliation (PFSA, 2015; Damtie, Ibrahim and Yikna, 2020; Kebede and
Tilahun, 2021).

In the case of the VLMIS, the mean inventory accuracy for tracer vaccines (Penta, BCG,
Measles) was only 58.3%, reflecting underutilization of stock ledgers and irregular data updates.
The digital gap in the VLMIS system compounded by inconsistent supervision and a lack of ICT
tools negatively impacted inventory accuracy and demand forecasting (WHO, 2021a; Lopes et
al., 2022)

The data quality of RRFs evaluated across multiple dimensions revealed critical concerns. While
the IPLS guideline mandates timely submission of RRFs, analysis of six previous reporting
periods showed a non-submission rate ranging from 6% to 18%. Although this aligns with
findings from Bahir Dar EPSS (75.6%) (Tessema and Tilahun, 2022), it surpasses the
performance reported in SNNPR (56.7%) and Gambella (64%) (Damtie, Ibrahim and Yikna,
2020; Boche, Temam and Kebede, 2022). These delays can significantly hinder procurement
planning and resupply effectiveness, contributing to both stockouts and overstocking, each of

which compromises patient care.

Moreover, while the overall data completeness rate for RRFs was 90.2%, completeness for
specific ART medicines such as TDF/3TC/DTG was notably lower (65.7%), suggesting reduced
attention to donor-supported programs. Similarly, RRF legality had a mean score of 77.2%, yet
systemic gaps in documentation integrity remain a critical concern, reflecting weak
accountability for stock transactions. The legibility of reports also poses a challenge, with
illegible entries ranging from 2.8% to 6.4%, further emphasizing the need for digital reporting
tools (WHO, 2024; Yadav, 2024). The overall RRF accuracy rate was 76%, which, while higher
than that of West Oromia (37.1%) and Northwest Ethiopia (59.5%) (Alemu et al., 2021; Kebede
and Tilahun, 2021), remains below that of South West Ethiopia (84.6%) (Bekele, Kumsa and
Ayalew, 2022). Enhancing accuracy will require the digitization of LMIS, capacity-building for
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supply chain staff, and consistent supportive supervision to ensure that reports reflect real-time
stock realities (Kasaye et al., 2024; Yadav, 2024). Meanwhile, performance on the quarterly
monitoring and evaluation (M&E) framework introduced for pharmaceutical logistics was weak,

only 45 out of 102 facilities adhered to submission schedules.

The evaluation of the VLMIS also revealed critical gaps in cold chain management and data
quality. Only 68.7% of facilities had dedicated vaccine storage rooms, and although 93.9% of
refrigerators were equipped with temperature monitors, approximately 17% of facilities did not
regularly record temperatures, violating WHO recommendation (WHO, 2021a). This jeopardizes
cold chain integrity and compromises vaccine potency. The average VLMIS tools utilization rate
was 40.5%, with the VRF being more commonly used than bin cards or stock cards, reflecting
similar challenges reported in Uganda and Northwest Ethiopia (Nsubuga et al., 2018; Madebo et
al., 2021). Inventory data quality for vaccines was poor, with an average accuracy of 58.3%
across three tracer vaccines. Major contributing factors included shortages of recording formats,
limited staff training, and poor data visibility, as documented also in other studies
(Weledesenbet, 2020; Lopes et al., 2022).

The timeliness of VRF reporting was also suboptimal, with only 65.7% and 41.4% of facilities
submitting timely reports over the last two reporting periods, an issue that could potentially
disrupt vaccine availability (FMOH, 2020a; Gilbert et al., 2020). Data completeness and
accuracy also varied between urban and rural settings: urban facilities reported an average
completeness of 88.4% and accuracy of 73.4%, while rural counterparts recorded slightly lower
figures (87.8% completeness and 69.6% accuracy). All facilities relied on manual VLMIS
systems, and the absence of digitalization was cited as a major barrier to improving data quality,
echoing findings from studies in Tanzania and Ethiopia (Gilbert et al., 2020; Fritz, Herrick and
Gilbert, 2021). Additionally, vaccine supply chains are often managed by personnel without
formal pre-service training in immunization logistics, further compounding system

inefficiencies.

With regard to digital LMIS, only three-quarters of facilities had the digital system (Dagu)
installed. However, system usage was hindered by persistent challenges related to electricity
reliability, inadequate ICT infrastructure, and dependence on external technical support (Tewfik,
2018; Endeshaw et al., 2020). This has posed a challenge to the ownership of the digital system,
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as it is a donor-driven project, which directly affects the system's sustainability. While overall
Dashlet usage was relatively high (78.3%), critical tools such as the Report Dashlet had the
lowest utilization rates, suggesting technical limitations or capacity-related barriers. Many
facilities had not yet integrated essential Dashlets for transaction tracking and reporting,
undermining the LMIS's core objective of enabling streamlined, data-driven decision-making
(WHO, 2024; Yadav, 2024). End-user perceptions of the digital system were generally positive,
particularly regarding benefits such as enhanced data visibility and reduced reporting errors.
Nonetheless, challenges with integration and interoperability remain significant (FMOH, 2016,
2020a). Variations in digital LMIS performance were strongly influenced by internet access and
software version upgrades, underscoring the need for continuous infrastructure development,
capacity-building initiatives, and sustained technical support to enhance system adoption and
functionality (DHA, 2021; FMOH, 2024b). Lessons from countries such as Namibia, Tanzania,
and Guinea demonstrate that strategic digital transformation, when integrated with strong
governance and targeted capacity-building, can significantly enhance supply chain efficiency and
improve health outcomes (Gilbert et al., 2020; GUINEA, 2023). \

Finally, the conceptual model developed highlights the systemic, contextual, and operational
challenges undermining LMIS performance in Ethiopia’s Amhara Region. Key issues include
infrastructural gaps, limited human resource capacity, reliance on manual reporting, and weak
data quality, challenges consistent with global evidence on fragmented and under-resourced
supply chains in LMICs (WHO, 2010; Yadav and Yadav, 2015; Stevens and Huys, 2017).
Contextual factors such as budget constraints, procurement delays, and increasing service
demands (e.g., CBHI) further strain LMIS functionality (Ozawa et al., 2019; Chemonics
International, 2021). The grounded theory analysis revealed that effective LMIS performance
depends on integrated digital systems, skilled personnel, and sustained investments in policy and
infrastructure. This aligns with findings from other studies identifying digitalization challenges,
including low digital literacy and poor system interoperability (USAID | DELIVER PROJECT,
2012; Gilbert et al., 2020; Alemu et al., 2021; FMOH, 2024b). The proposed conceptual model
emphasizes that improving LMIS performance requires addressing interlinked systemic and
contextual gaps through coordinated, technology-driven, and capacity-building interventions. It
also underscores the urgent need for standardized, context-specific LMIS evaluation frameworks

to guide sustainable improvements and evidence-based decision-making, an approach aligned
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with  WHO recommendations (Abouzahr and Boerma, 2005; WHO, 2017a; MEASURE
Evaluation, 2018a).

6.2 Strengths and Limitations of the Study
6.2.1. Strengths of the Study

This study presents a comprehensive and methodologically rigorous evaluation of the LMIS, and
development of a conceptual model tailored to the performance of LMIS in health facilities.
Employing a concurrent mixed-methods design, the study integrates both quantitative and
qualitative approaches, enabling a holistic assessment that captures measurable performance
indicators alongside rich contextual insights from key stakeholders. This dual approach enhances
the validity, depth, and applicability of the findings. A notable strength of the study lies in its
scale and representativeness, with data collected from 102 public health facilities across the
Amhara Region, an early adopter of various LMIS initiatives, as well as from a diverse group of
supply chain professionals, key informants, and system end-users. The use of standardized and
well-validated tools such as the LIAT, LSAT and the Federal Ministry of Health Monitoring and
Evaluation (M&E) framework, alongside grounded theory for qualitative analysis, ensures

methodological rigor, reliability, and contextual relevance.

Importantly, this is the first study of its kind to conduct such a comprehensive assessment of
LMIS in health facilities, evaluating manual systems and digital platforms such as Dagu LMIS,
as well as the vaccine-specific LMIS. This inclusive assessment offers an in-depth understanding
of current practices, systemic gaps, and infrastructural and human resource constraints, while
also identifying future directions for improvement. The conceptual model developed through
grounded theory provides a practical, evidence-based framework to inform future LMIS design,
implementation, and performance evaluation. Its relevance extends beyond the Amhara Region,
offering valuable policy and operational insights for national-level strategies and initiatives.
Ultimately, this study makes a significant contribution to the global discourse on resilient,

efficient, and data-driven health supply chains, particularly within resource-constrained settings.
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6.2.2. Limitations of the study

The study is geographically limited to the Amhara Region, which may restrict the
generalizability of its findings to other regions with differing infrastructure, socio-economic
conditions, or health systems. Its cross-sectional design captures only a single point in time,
limiting the ability to assess temporal trends, seasonal variations, or the impact of ongoing
interventions on LMIS performance. External factors such as regional insecurity, political
dynamics, and health emergencies (e.g., COVID-19) likely influenced system performance but
were difficult to measure or control in this study. The exclusion of conflict-affected and
inaccessible facilities may introduce bias toward better-performing sites. Self-reported data on
system use and satisfaction could be affected by recall or social desirability biases. Additionally,
the limited number of facilities using fully functional digital LMIS platforms constrains
conclusions about digitalization impacts. While the conceptual model developed is promising,
careful piloting is recommended before wider application to ensure context-specific relevance.
Future research addressing these limitations will further deepen understanding and support more

effective improvements in LMIS performance and implementation.

6.3 Implication of the Study

6.3.1 Practical Implication

This study highlighted the following findings with immediate practical implications:

o |dentifies gaps in data accuracy, completeness, and timeliness; recommends regular training,
supervision, and validation to improve data quality for better decision-making and resource
allocation.

e Highlights the need to strengthen digital LMIS by addressing infrastructure challenges
(electricity, internet) and expanding capacity-building for health workers and supply chain
personnel.

o Emphasizes establishing clear policies, standard operating procedures, and accountability
mechanisms to enhance LMIS performance.

e Stresses stakeholder engagement at all levels to foster ownership and promote adherence to
best practices for LMIS performance
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Immediate need for effective integration of manual and digital LMIS tools to ensure
seamless data flow, reduce duplication, and increase system efficiency.

Recommends targeted support (mentorship, infrastructure upgrades, resources) for facilities
with poor system performance to improve supply chain management.

Suggests regular monitoring and evaluation of LMIS to detect issues early and drive
continuous quality improvement.

Suggests incorporating feedback from health workers, supply chain managers, and end users
to tailor LMIS tools to user needs.

Introduces the conceptual model as a framework for LMIS performance evaluation and KPI
development.

Encourages replication of successful practices across regions to promote a standardized,

scalable approach to LMIS performance.

6.3.2 Policy Implication

This study highlighted the following findings with policy implication for LMIS Strengthening in
the Health Sector:

LMIS Standardization: The study highlights the urgent need to standardize LMIS across

health facilities to ensure consistent data, reporting, and decision-making.

Ownership and Sustainability of Digital LMIS: To ensure the sustainability of the digital
LMIS, it is crucial to transition from a donor-driven initiative to a locally owned system by
fostering homegrown software development, securing government funding, integrating the
system into national health policies, and strengthening local technical and institutional

capacities.

Investment in Digital Infrastructure and Technology Adoption: The Government
should prioritize investments in reliable internet connectivity, stable electricity, and
necessary hardware such as computers to support effective digital LMIS implementation.
The Ministry of Health and Regional Health Bureaus should implement phased
digitalization strategies tailored to the capacity and readiness of individual health facilities

to prevent setbacks and ensure sustainable system adoption.
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Integration into Health System Strengthening: LMIS improvements should be fully
integrated into national health strategies, acknowledging their critical role in enhancing
supply chain resilience and strengthening the overall health system.

Governance, Accountability, and Data Use: There is a need for clear policies on
governance, ownership, accountability, data access, and use to ensure data accuracy and
foster sustainable data-driven decision-making at all levels of the health system.

Public-Private Partnerships and Stakeholder Engagement: Policy frameworks should
foster collaboration with private sector actors, donors, and other stakeholders to enhance
resource mobilization, technical support, and innovation in LMIS.

Equity and Access: Targeted policy measures are needed to support remote and
underserved facilities, reducing disparities in LMIS implementation and ensuring equitable
access to health commaodities.

LMIS Performance Evaluation: The Ministry of Health should develop an LMIS
performance evaluation system supported by standardized KPIs to effectively monitor and

evaluate the system for continuous improvement.

Chapter Seven: Conclusion and Recommendations

7.1. Conclusions

The evaluation of Logistics Management Information System performance in Amhara Region

reveals a system in transition marked by progress in form availability, reporting practices, and

digital uptake, but hindered by persistent systemic challenges. Key issues include unreliable

infrastructure, inadequate internet and computer access, limited digital integration, data quality

inconsistencies, insufficient staffing and training, and weak supervision. Manual and digital tools

are both used, yet face integration, usability, and efficiency gaps. Inventory records show major

discrepancies, undermining data reliability for decision-making and resupply. While tools like

Dagu 2.0 and APTS have shown promise, underutilization of advanced metrics in data elements

and low digital proficiency persist as a challenge. Vaccine LMIS faces similar challenges,

particularly in standardization of LMIS tools and data quality.
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The grounded theory-based conceptual model highlights critical performance determinants such
as resource constraints, infrastructure gaps, public health emergencies, and implementation
weaknesses. It suggested for systemic reforms including digital transformation, capacity
building, improved governance, and stakeholder collaboration. Hence, optimization of LMIS in
the region demands a holistic, integrated approach, investing in infrastructure, expanding digital
systems, enhancing human resource capacity, standardizing tools, and fostering policy and
stakeholder alignment. These steps are vital for improving data-driven decision-making, ensuring
the availability of essential health commodities, and strengthening health system resilience.
Future research should focus on validating the proposed model and developing context-
appropriate digital solutions to sustainably enhance LMIS performance.

7.2. Recommendations

e The Federal Ministry of Health and Regional Health Bureaus should establish and
enforce clear policies on LMIS standardization to guarantee high-quality data across all
levels of the health system

e The health system should prioritize the development and implementation of locally
developed, user-friendly and interoperable digital LMIS platform to enhance system
ownership, real time end to end data visibility and sustainability.

e The health system should design flexible LMIS solutions tailored to the needs of low-
performing, hard-to-reach, and lower-level health facilities, addressing infrastructural
challenges, literacy levels, and security concerns to reduce disparities in digital access
and service delivery.

e The health system should formulate and institutionalize national and regional LMIS
implementation guidelines, SOPs, and data quality standards applicable to manual and
digital LMIS.

o The health system should prioritize investments in robust LMIS infrastructure including
electricity, internet connectivity, and cold chain capacity

e The health system should improve the consistent availability of both paper-based and
digital reporting tools and ensure sustainable financing to support the effective
functioning of the LMIS.
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o The health system should integrate LMIS platforms with other digital health systems to
enable seamless data flow and coordinated decision-making across all levels of the health
system

« The health system has to strengthen cross-sectoral coordination platforms that engage the
Federal Ministry of Health, Regional Health Bureaus, NGOs, and private sectors to align
efforts and ensure cohesive implementation of LMIS initiatives

o The Federal Ministry of Health and Regional Health Bureau should design a continuous
capacity-building program for health supply chain professionals, supported by ongoing
supportive supervision and feedback system.

e The Federal Ministry of Health and Regional Health Bureau should develop a
streamlined LMIS performance evaluation system with comprehensive indicators to

enable continuous monitoring, evaluation, and sustainable improvement of the LMIS.

7.3. Directions for further research

e Conduct longitudinal studies to assess how the adoption of digital systems like Dagu
impacts inventory accuracy, stockout rates, and overall supply chain efficiency over time

e Investigate socio-technical, infrastructural, and organizational factors that influence the
successful implementation and scaling of digital LMIS to inform targeted intervention

e Conduct comparative studies on the economic implications and cost-effectiveness of digital
versus manual logistics management systems to guide resource allocation and policy
decisions.

e Examine disparities in LMIS implementation and support between urban versus rural and
high-to reach versus low-resource facilities to design policies and strategies for equitable
LMIS implementation

e Explore the integration and interoperability of LMIS with other health information systems
to enhance comprehensive health planning and decision-making.

e Assess the potential of emerging technologies such as mobile health (mHealth), artificial
intelligence (Al), and blockchain to improve data accuracy, security, and transparency
within LMIS.
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e Innovate low-cost, solar-powered, and offline-capable LMIS technologies and digital
solutions to enhance system resilience, particularly in remote, underserved, or conflict-
affected areas.

e Pilot the conceptual model developed in this study for evaluating LMIS performance across
various public health facility contexts. This includes developing, testing, and standardizing
comprehensive key performance indicators (KPIs) to systematically measure and improve

LMIS effectiveness, responsiveness, and alignment with national health supply chain goals
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Introduction: Ensuring equitable access to essential medicines is a major global
health challenge, particularly in low- and middle-income countries. Effective
supply chain management and Logistics Management Information Systems
(LMIS) are crucial for addressing these challenges. Despite substantial efforts,
significant LMIS implementation issues continue, especially in Ethiopia.

Objectives: The study aimed to evaluate the performance of health commodities
logistics management information systems at public health facilities in the
Amhara Region, Ethiopia

Methods: The study conducted in public health facilities of the Amhara region
in Ethiopia used a quantitative methods approach. The region is supplied by four
Ethiopian Pharmaceutical Supply Service hubs. A total of 102 facilities, selected
through stratified random sampling, were included in the study Data were
collected through record review and and observation using data abstraction
checklists to evaluate the LMIS forms availability, utitization, supply, and report
timeliness.

Results: Infrastructure challenges were noted, including inconsistent power
supply and limited internet access, with only 42.2% having intermet connectivity.
LMIS performance varied, with high availability and utilization of forms like the
IFRR and RRF butlower rates for some forms and digital systems Reporting and
feedback mechanisms were generally adequate, though only 37.3% of facilities
received periodic written feedback from higher levels of the healthcare system.
Conclusion and recommendation: The evaluation of the LMIS in Amhara
Region’s public health facilities shows notable achievements in the widespread
use of LMIS forms and reporting systems. However, ongoing challenges such
as unreliable infrastructure. poor intemet connectivity, and insufficient human
resources impede effective LMIS performance. Addressing these issues,
digitalization of the LMIS, strengthening feedback mechanisms, and supervisory
support will enhance LMIS performance and improve health outcomes.

NEYWORDS

LMIS, evaluation, performance, health commodities, health facilities
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1 Introduction

Equitable access to health commodities, particularly essential
medicines remains # critical global health challenge, particularly in
low- and middle-income countries, where access issucs persist despite
the growing burden of diseases (1, 2). Affordable health commodities
reduce mortality and morbidity (3-5). Gnv:rmnen!s mus! ensure
access to health ¢ ludi dicines, vaccines,
and supplies as part of the right to heahh which is essential for
achieving Sustainable Development Goal 3 (6-9). Despite these
objectives, a significant pomnn of the global population needs

aceess to 1 health lities, leading to
substantial financial burdens on healthcare systems in developing
countries (4, 10, 11).

Effective supply chain management is pivotal in global health
systems fo ensure the availability and accessibility of essential health
commodities (2). In low-income countries, the supply chain for health
commodities faces challenges rooted in structural and health system
complexities, contributing to inefficiencies. These include multiple
tiers of stock management and decision-making processes that
exacerbate complexities and inefficiencies (12, 13). Robust logistics
management information systems (LMIS) are essential for effective
supply chain management, ensuring the availability of medicines,
vaccines, and health technologies (14-16). The LMIS is an essential
tool that enables the real-time flow of logistics information, providing
vital support for strategic decision-making at every level of healthcare
{5, 17). Challenges such as information distortions and lack of
integration can lead to significant disruptions in the supply chain,
known as the bullwhip effect (1%, 19).

Programs like the Integrated Pharmaceutical Logistics S)s(em

dities

10.3389/1pubh, 2025 1545429

As0f 2021, the region had 5,775 functional health facilities, including
87 public hospitals, 873 public health centers, 3,565 health posts, six
private hospitals, and 1,244 private clinics. Public health facilities in
the regton are primarily supplied through four hubs of the Ethiopian
Pharmaccutical Supply Service (EPSS; Figure 1),

2.2 Study design

The study employed an institution-based quantitative design. This
research i part of a larger project focused on assessing the
performance of the health commodities LMIS, with its results mainly
based on quantitative data analysis.

2.3 Source and study population
The study included all public health facilities managing health
commodities for the provision of healthcare service. Specifically, the

study population comprised selected public health facilities in
the region.

2.4 Sampling procedure

Health centers and hospitals in all zonal ions, except
those with sceurity problems, were eligible for sampling, Six zonal and
two dty administrations were chosen and grouped into three clusters
based on EPSS hub locations. Ultimately, four zones and two city
administrations were included. As per USAID's Logistics Indicators
A Tool (LIAT) rec dation, 15% of facilities were

{IPLS) and digital LMIS initiatives have demonstrated p
impact in enhancing the effectiveness of LMIS in wunlnes such as
Ethiopia. although significant implementation challenges persist
(26 21).

Despite numerous efforts, various studies have indicated that the
current health " LMIS impl d in Ethiopias
healthcare system faces several challenges. These include partial
implementation and a lack of sufficient LMTS forms in health facilities
{Shewarega (22, 13), poor infrastructure such as internet, electric
power, and computers (24), challenges with LMIS interoperability
with other systems (25), poor data quality (20, 26, 27), lack of
end-to-end data visibility (1<), gaps in training and staff commitment
(2%) and inadequate supportive supervision and timely feedback from
higher levels (29).

Addressing  these challenges necessitates  comprehensively
evaluating the current LMIS implementation (14, 30). The objective
of this study is to conduct a comprehensive performance evaluation
of the current health cc dities LMIS impl ation in public

health facilities across the Amhara Region of Ethiopia,

2 Methods
2.1 Study area

The study was conducted in the Amhara National Regional State

sampled, with a final adjusted sample size of 102, The sample size was
allocated proportionally across Zones and Woreda (district level
administration), using a multi-stage dtratified random sampling
method based on the number of facilities.
2.5 Inclusion and exclusion criteria
2.5.1 Inclusion criteria
« All Zonal Administrations
« All public health facilities that have been functional for more
than 1 year
2.5.2 Exclusion criteria
» Health facilities damaged in conflict-affected areas or had
security problems during the study.
« Health Posts
2.6 Data collection process

Data was collected through record revicw, after requesting the

of Ethiopia, the second-most populous region in the country. It is
administratively divided into 12 zones and three city administrations.

Frontlers in Public Health

ible persons to locate the appropriate document in each
deparlmenl and observations conducted by experienced and well-
trained pharmacists using data abstraction checklists. These
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checklists were adapted from the Logistics Indicator Assessment
Tool (LIAT), Logistics System Assessment Tool (LSAT), and the

« Health Commoditics Management Information System
(HCMIS): Tt is a digital LMIS used to manage and track health

Ministry of Health's supply chain ing and e tools

¢ dities across the public healthcare system in Ethiopia.

{31,32).

2.7 Data quality assurance

Ten experts in the field face-validated the data collection tools.
Additionally, data collectors participated in a two-day training session.
The tools were pre-tested, and adjustments were made based on the
feadback received.

2.8 Operational definitions

+ RRF (Report and Requisition Form): This LMIS toal allows
health centers and hospitals to report consumption and request
resupply of health commodities.

IFRR (Internal Facility Reporting and Requisition Form): This

wol facilitates the requisition and redistribution of health

commodities within health facilities used by bealth centers
and hospitals.

HPMMR (Health Post Monthly Report and Resupply Form):

This LMIS tool sllows health posts 1o report consumption and

request resupply of health commodities from health centers.

« Model 19/Health: An official financial transaction tool used in
health fadiities for receiving health commodities from suppliers,
with a serial registration.

« Model 22/Health: An official financial transaction tool used in
health facilities for issuing health commodities to other facilities
and units, with a serial registration.
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2.9 Data analysis and interpretation

‘The data were reviewed for compl and internal consistency
before being entered into Epi Info Version 7 for intial processing, The
data were then exported to SPSS Version 23.0 for detailed data
management and analysis.

3 Results
3.1 General information

The study surveyed 102 public health facilities, of which 58.8%
were located in rural areas. The majority of these facilities were health
centers, 84.3% followed by primary hospitals 9.8% (Figuee 2).

‘The health facilities were distributed across four zonal
administrations: West Gojjam (29.4%), East Gojjam {25.5%), North
Shewa (23.5%), and Central Gondar (21.6%; Figure 3).

The study involved 19 rural Woredas (woreda is the third-level
administrative hierarchy in Ethiopia and a primary unit for local
governance, equivalent to a district in other countries) and 9 City and
‘Town administrations. On average, the distance of surveyed health
facilities from the Woreda and zonal town was 11,98 km + 9.56 and
63.13 km + 60.7, respectively. The average distance from the regional
city and the supplier EPSS hub was 149.58 km + 146km and
96.6 km + 825 km, respectively. Additionally, the mean service
duration of the health facilities was 19.4 years £16.9 years, and each
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| cistnbution of 1 putdic health facilites

facility was connected to an average of 4.9 + 2.07 lower-level fadilities
through the referral system (Tuble 1),

3.2 LMIS-related infrastructure

Among the surveyed health facilitics, 98 (96.19%) had an electric
power supply on the day of the visit, but 28 (28.6%) experienced
power interruptions during the study visit. Backup generators were
available in 63 (61.8%) of the facilities Internet connectivity was
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accessible in 43 facilities (42.29%), with only 25 (58.1%) having access
specifically in the pharmacy department. The types of internet
connectivity reported included wireless (55.8%), broadband (44.2%),
and data (4.7%).

Half of the health facilities needed dedicated computers for the
health supply chain and LMIS activities in key areas like dispensaries,
stores, supply chain coerdinator offices, and ART pharmacics, The
other 50% had at least one computer for these activities, with a median
of 0.5, a mean of 1.1 + 2.1, and a range from 0 to 13 (95% CI [0.68,
1.5]). For the manual LMIS system, only 63 (61.8%) of the facilities
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TABLE 1 Geographic location, year of service, and number of referral facilities for surveyed health facilities in Ambara Region March 2022,

Variable Median

Mean + SD

1 Distance of HE from Woreda Town (KM) 9 11.984 956 o 3
% Distance of HEF from Zonal Town (KM) 42 63131607 o m
A Distance from Regional City (KM) ’s 149.58 & 146 4 690
4 Distance from the supplies EPSS Hub (KM) 7 96.6 + 825 | 265
5. Service durallon (years) 12 \ 194 160 1 5
o Numbet of referral health facilitles 5 ‘ 49207 1 1
922 96.1
50
44
36.3
304 333
18.6
10.8
& o) > v & & o o =
& & ¢ N ¥ S v
& o \ Q &
£ ™ Q‘\ & N
&
FIGURLA

Implermentaton status of pharmacy services and supoly chain management

iniuatives at puiblic nealth facilives in vie Amhara Region March 2022

reported having allocated budgets for printing and duplicating
LMIS formats.

3.3 Performance of supply chain-related
initiatives

Health facilities had an average of 7.05 + 6.07 dispensaries
(95% CI [5.86, 8.24]). The average number of pharmacy personnel
present during the visit was 5.36 + 8, ranging from 1 to 56 per
facility. Only 62 (60.8%) facilities had a designated health
C lities supply chain di On average,
1.65 £ 1,34 professionals (95% CI [1.38, 1.91]) were assigned to
supply chain activities, ranging from zero to eight. The average
number of finance professionals assigned to supply chain tasks was
0.95 + 2.4 (95% CI [0.43, 1.48]).

Ofthe healthcare facilities surveyed, 83 {(81.4%) received program
and RDF products directly from EPSS hubs within their respective
clusters, while the remaining facilities received their supplies through
the Woreda Health offices, Specifically, 56 (54.9%) faciltties were
supplied by the Bahir Dar EPSS hub, 24 (23.5%) by the Addis Ababa
EPSS hub, and 22 (21.6%) by the Gondar EPSS hub.

During the visit, the three most widely practiced pharmacy
service and supply chain management initiatives were the Integrated
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Pharmaceutical Logistics System (APTS), Drug and Therapeutics
Committee (DTC), and ART Service, which were operational in 98
(96.19), 94 (92.1%), and 51 (50%) of the facilities, respectively. In
contrast, the least implemented initiatives were the Drug Information
Service (DIS) APTS, and clinical pharmacy service, with frequencies
of 31 (30.4%), 19 (18.6%), and 11 (10.8%), respectively (Figure 4).

3.4 Availability, utilization, and supply of
LMIS forms

‘There is a notable variation in the availability and utilization of
LMIS forms among healthcare facilities. The [FRR and RRF
d rated the highest and utilization, were present in
99 and 98% of facilities, respectively, and were almost fully utilized
in nearly all facilities, In contrast, the HCMIS Guide/Manual had the
lowest availability, present in only 18.6% of health facilities, and was
utilized in 84.2% of those cases. The Bin Card (BC) was widely
available in 96.1% of health facilities, of which 89.8% actively used
it, and 87.8% maintained a supply for three or more months.
Although the Stock Record Card (SRC) was less available, present in
only 27.5% of health fadilities, it had a high utilization rate 0f92.9%
in the facilities where it was available. Other forms, such as the Job
Aids for IPLS (laminated), Quantification Tool (Updated), and
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TABLE 2 Availability, utilization, and supply of LMIS forms in healthcare facilities in Amhara, March 2022,

LMIS forms in HFs = Availability [N = 102] Utilization status Supply for 3+ Supply for < 3 months
N = 102] months
L Bin Card (BC| s Y6l 88 898 i 878 12 122
b5 ‘ Sock Record Card (SRC) 28 | 27.5 ‘ 17 607 26 L4 2 71
3. HPMMR in HCs [N - 86] 2 837 65 903 63 875 9 125
PR oo | » " %9 86 852 14 149
5. [ RRF 100 | 98 [ 100 00 90 s0 10 10
& | Moddim a7 [T | m 95 4 936 3 64
7 Model 22/11 19 18 H 895 A6 9239 3 61
8 [ Il’lg Sop 63 | 6LE [ 37 s
9: Physical iwentory form 80 [ 784 [ 7S 938
10, Job Aids tor IPLS 38 373 7 974
(lminated)
1 [ HOMIS Guide/Manua 1 [ 186 [ 15 #42
2| Quaificuiontod 63 as | @ 968
(Updated|
13 ME&E ool b2 529 48 889

TABLEZ Availability, utilization, and suppiy of LMIS forms In APTS sites in Amhara, March 2022,

LMIS forms in Availability Utilization status Supply for 3+ Supply for < 3 months
APTS Sites months
N =19]

L Cashsales Ticket 19 100 19 100 18 M7 1 53

2 Free segistration book ‘ 17 ‘ 895 17 100 17 o - -

3 Credit registration book 15 947 18 100 18 100 - -

x| Daily summary sheet ‘ 19 ‘ 100 ‘ 19 100 15 "7 1 53

5 [ Monthly sales summary | 18 | 947 18 100 18 100 = -
shest

o, Model 1911 18 947 17 M4 18 1o - -

% Moddz2H ‘ 15 [ e | 17 M4 15 100 - -

8. | Sales ticket pad register | 19 | 10 | 19 100 18 M7 1 53

EA Cash delivery note 13 947 18 100 15 Lo - -

Physical Ti y form, also exhibited high utilization rates  EDT formhad the lowest availability, found at only 17.6% of the sites.

(Talsle 2).

In the evaluation of LMIS forms at 19 APTS sites, it was found
that Cash Sales Tickets, Daily Summary Sheets, and Sales Ticket
Pad Registers were universally available at all sites, achieving 100%
availability. The Free Registration Book, however, had the lowest
availability, being present at only 89.5% of the sites. Utilization
across these forms was notably high, with Cash Sales Tickets, Daily
Summary Sheets, and Sales Ticket Pad Registers all being used at
100% of the sites, Most APTS-related LMIS forms had sufficient
supplies of printed copies that lasted three or more months
{Table 3).

Tn the assessment of IMIS forms at 51 ART sites, the ART
monthly activity report format and the ART register were highlighted
for their exceptional availability at 98% of the sites, In contrast, the
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The utilization status of LMIS forms was greater than 80% across all
ART sites. Furthermare, the ART register and the patient information
sheet (PIS) had a better supply of print copies for managing supplies
lasting three or more months at the ART sites (1uble ). Challenges
related to the availability and utilization of LMIS forms directly impact
LMIS performance, as these forms are critical for record-keeping,
transactions, and reporting. A shortage of LMIS forms and gaps in
their utilization lead to poor data quality and management, which in
turn directly affects LMIS performance and subsequently impacts
supply chain efficiency. Quality data and effective performance in
LMIS are essential for informed decision-making, Therefore, gaps in
thisarea directly impact inventory policies, order quantities, inventory
costs, and ordering costs, ultimately affecting the availability of health
commodities and service delivery.
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TABLE 4 Availability, utilization, and supply of LMIS forms in ART sites in Amhara, March 2022.

SN LMIS forms in

ART Sites [N = 51]

Availability

L ART Monthly Activity 0 980 4
report format

L EDIT ‘ 9 176 ‘ 8

3 Patient tracking chart | 3 745 | 3l

4 ART Register 0 08 4%

5 TPatient Information Shect [ “ 863 39
(PIS)

Utilization status

Supply for 3+
months

Supply for <3 months

A

880 m 880 s 120
889 3 889 1 101
Bi6 3 895 ' 105
900 46 920 1 80
86 42 955 2 45

FIGES

Utitization status of IFRA in public heaitn faciities of Ambara Region, March

3.5 Health commodities LMIS performance

Among all surveyed facilities, only 37 (36.3%) had adopted the
digital LMIS system known as the Health Commodities Management
Information System (HCMIS), a facility version named Dagu. Of
these, 21 (56.8%) utilized Dagu version 2.0, while 16 {43.2%) used the
older version, Dagu 1.0. The average duration of HCMIS
implementation preceding the visit was 4.63 + 3.38 years (95% CI1 [3.5,
5.75]). Interestingly, the majority (73%) were in the mature
implementation phases, with the remaining 27% evenly split between
the pre-intensive and intensive phases.

Nearly all health facilities, except one, were found to utilize
TFRR during the visit. The outpatient pharmacy. Maternal and
Child Health pharmacy, and laboratory department were the
primary units using IFRR to report consumption and request
resupply from the health facility store, with frequencies of 100
{99%), 95 (94.1%), and 92 (93.1%), respectively. In contrast, the
X-ray unit, Chronic discases management pharmacy, and
Operation room were the least frequent users of IFRR, with
frequencies of 7 (6.9%), 7 (6.9%), and 5 (5%), respectively
{Eigure 5),
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Among facilities wtilizing TFRR, 96 (95%) adhered toa two-week
hedule for reporting ption and requesting resupply from the
store In contrast, 2 (2%) operated on a facility-specific one-month
schedule, and 3 (3%) did not have a specified schedule. Among these
facilities, 60 (61.2%) displayed their IFRR schedule at the store, while
the remaining 38 (38.8%) did not.

Of the 719 dispensary units expected to report according to the
IPLS 2-week schedule, 482 units (67.04%) submitted their latest IFRR
on time. The median number of dispensaries submitting on time was
5, with a mean of 492 + 3.3 and a range from 0 to 20 (95% CI [43,
5.6]). Conversely, 26.8% of dispensary units submitted their [FRR after
the scheduled date, with a median of 1, a mean of 2.14 £ 5.8, and a
range from 0 10 53 (95% CI [0.93,3.4]).

Amang the 719 dispensaries, 518 (72.1%) had their supply
requests fulfilled within 2 days of making the request. Store managers
mentioned workload, the complexity of requests needing additional
processing time, and delays in [FRR reporting from units as factors
contributing to  delays in mecting the  two-day  supply
request timeframe

Of the 406 health posts connected via the referral system to the 86
surveyed heaith centers, 283 (69.7%) submitted the Health Post
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TABLE 5 Reporting status of [FRR and HPMRR at public health facilitics in Amhara Region, March 2022

SN Variable Frequency n(%) Mean + SD (Min, Max) 95% Cl

1 DUSs sent TFRIC as per the schedule 482(67.04%) 492 +33(0,20) [4358]
IN=719)

2 . DUssent IFRR after the schedule (N = 719) ‘ 193(26,8%) 214 £ 5.8(053) 1093.3.4]

3 Stores resupply to DUs within 2 days of S18(721%] 5.34 2 6.4(059] 41563
request? (N=719)

4 [ Health Posts submitted the ksest HPMRR to 283(69.7%) 329+ 19108} 29.3.7]
the HC (N =406)

5 [ Health Posts submitted the kaest HPMRR as ‘ 202(71.4%) 269 1.850,61 2331)

per the schedule {N=283)

EPSS do not resupply according 1o RRF
Supply shortage at EPSS

Due to Epidemics Outbreak
Shortage/Stockout

Service expansion

e to expinton

Delay in RRF report for EPSS

Quality Probiem

FIGURLS

451

Reasons for emergency order placement m publc health facilities of Amhars Region, Merch 2022

Monthly Report and Resupply Form (HPMRR) to the health centers
during the latest reporting period. The median number of health posts
submitting the HPMRR on time was 3, with a mean of 3.29 = 1.91 and
a range from 0 to 8 (95% CI [2.9, 3.7]). Among these, 202 (71.4%)
health posts submitted the HPMRR on schedule by the fifth day after
the reporting period (lable 5),

Out of 102 health facilities, 100 (98%) used the Report and
Requisition Form (RRF) for bi-monthly reporting of ¢ p

ion

including shortages and difficulties in fulfilling the requested
quantities as specified in the RRF (Figure 6).

3.6 LMIS reporting and feedback

Regarding LMIS report submission channels, 77 health facilities
(75.5%) sut d their reports to the Woreda Helth Office (WoHO).

and resupply requests to EPSS and Woreda Health Offices
{WoHO). The remaining two facilities did not use the RRF due to
difficulties in understanding its use and worlkload constraints.
Among the RRF reports reviewed over the year, only 450 (75%)
were approved and signed by either the health facility heads, Chief
Executive Officers, or Chief Clinical Officers. The number of
approvals per facility had a mean of 4.5 + 2.2, ranging from 0 to 6
across the six reports reviewed during the year (95% CI
14.06, 4.94]).

Among the 100 facilities using the RRE 51(51%) placed
emergency orders at least once during the year. These orders had a
mean of 2.32 + 7.5, ranging from 0 to 72 (95% CI [0.83, 3.8]). The
main reasons for these emergency orders were issues related to EPSS,
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Additionally, 62 fadilities (60.8%) sent reports to EPSS, 16 facilities
(15.7%) to the Zonal Health Department, and three facilities (2.9%)
to the Regional Health Bureau. The most frequently mentioned
transportation methods for sending LMIS reports to higher levels
were public transportation, used by 49 facilities (48%); facility vehicles,
used by 38 facilities (37.3%); and private vehicles, used by 21 facilities
(20.6%; Figure 7).

Among the facilities surveyed, 38 (37.3%) received written
periodic feedback on supply chain management and LMIS reports
from higher levels. This feedback came from various sources,
including 29 facilitics (76.3%) received it from the Woreda Health
Office (WoHO), four faciliies (105%) from Zonal Health
Departments, two facilities (5.3%) from partners, and three facilities
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(7.9%) from integrated teams. Of those receiving feedback, nine
facilities (23.7%) received it within the month before the visit, while
11 facilities (28.9%) received it between 1 and 3 months prior to the
visit (Figure 8).

3.7 LMIS supportive supervision

Tn the year leading up to the study, only 73 out of the surveyed
health facilities (71.6%) received supportive supervision for supply
chain activities and LMIS-related issues Of these, 21 faalities (28.8%)
received supportive supervision within the manth prior to the visit,
while 24 facilities (32.9%) received it between 1 and 3 months before
the vasit { Figure 9).

Recent supportive supervision was provided by the following
institutions, including Woreda Health Office (WoHO) in 38 facilities
{52.1%), Zonal Health Departments in 23 facilities (31.5%), Regional
Health Bureaus in 15 facilities (20.5%), partners in 11 facilities
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(15.1%), and integrated teams in 4 facilities (5.5%). This supervision
was reported to have improved supply chain management and LMIS
practices, focusing on enhancing APTS, DAGU, DIS, DTC, and TFRR
reporting. Additionally, it claimed to result in better bin card
management, more effective RRF reporting systems, improved data
quantification, and better management of expired products
and stockouts.

4 Discussion

'The evaluation of the Logistics Management Information System
(LMIS) in Amhara Regions public health facilities reveals a complex
landscape marked by significant achie ts, persistent challeng
and opportunities for improvement. This discussion synthesizes key
findings to highlight the system's strengths, weaknesses, and
implications for improvement.

‘The study indicates that most health facilities (96.1%) had
operational electric power systems during the survey, However, nearly
a third of these facilitics cxpericnced power interruptions,
underscoring vulnerabilities in infrastructure reliability. This finding
aligns with the infrastructure challenges in low-income settings,
where power instability disrupts LMIS operations. The presence of
backup generators in 61.8% of facilities reflects a response to this
challenge but indicates that reliance on backup power needs to
be uniformly adequate, The unreliable power supply system can
significantly impact the functioning of the IMIS, disrupt data
transmission, and necessitate sending reports via transportation
methods instead. This, in turn, poses another challenge, as the
majority of health faalities lack dedicated transportation methods for
sending LMIS reports to higher levels {20).

Similarly, internet connectivity is another critical infrastructure
component, available in only 422% of the facilities, with limited
access, particularly in pharmacy departments, This finding aligns with
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Endeshaw et al. (24), who identified poor internet infrastructure asa
barrier to effective LMIS in health facilities. Additionally, the shortage
of computers dedicated to LMIS activities in health facilities directly
affects the system’s functionality, which is consistent with the findings
of Shewarega etal. (23) and Alemu et al. {22), who reported insufficient
LMIS resources and technological gaps in healthcare facilities. This
limitation restricts real-time data reporting and hampers the potential
benefits of digital systems like HCMIS. Efforts to enhance connectivity
infrastructure arc essential to leveraging the full capabilitics of digital
LMIS, ensuring timely and accurate information flow across
healthcare levels (5, 17).

Human resources dedicated to supply chain management are
limited, with an average of 1.65 professionals per facility. Additionally,
only 60.8% of faalities have desi d supply chain di

posing gaps in kadershi ight crucial for

b
(et

ip and health
supply chain practices and LMIS utilization. This is consistent with
findings from a study in the Oromia Region, which identified a
shortage of skilled human resources as a major bottleneck in LMIS
performance, and with Fenta (33), which highlighted human resource
challenges as key factors affecting supply chain performance in
Ethiopia (33, 31).

The study reveals significant variability in the availability and
utilization of LMIS forms. Essential forms such as the IFRR and RRF
are widely available and used, whereas others, like the HCMIS Guide/
Manual, are less accessible, This disparity underscores ongoing
challenges in standardizing and integrating LMIS tools across
facilities. The high utilization of Bin Cards and Stock Record Cards,
despite their lower availability, indicates practical adaptations to
resource limitations, aligning with findings from Bekele and Anbessa
{20). The low availability and utilization of LMIS forms directly impact
LMIS performance and decision-making, ultimately affecting the
supply efficiency of health commodities.

The study indicates that 75.5% of facilities submit reports to the
Woreda Health Office, with a significant portion reporting to
EPSS, However, only 37.3% received written periodic feedback, and
71.6% received supportive supervision within the past year. These
figures suggest that while reporting mechanisms are in place,
feedback and supervisory support are insufficient, reflecting similar
concerns raised in a study conducted in North West Ethiopia about
the impact of inadequate feedback and supervision on LMIS
performance (29). Strengthening communication channels and
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enhancing supervisory support are essential for continuous
improvements in LMIS (34). Furthermore, the involvement of
multiple stakeholders in supervision highlights the critical role of
collaboration in sustaining LMTS performance improvements. Most
importantly, digitizing the IMIS system and modernizing
communication channels for reporting and feedback could
significantly support the LMIS overall performance.

‘The discrepancy between the high utilization of reporting forms
and the low percentage of facilitics receiving timely feedback indi
agap in effectively using information to improve practices. This issue
mirrors the findings of other studies which highlighted difficultiesin
leveraging data for decision-making and is consistent with similar
concerns noted regarding the underutilization of available data in
enhanang health system performance (24, 27). Addressing this gap s
crucial, as timely feedback can empower health facilities to improve
LMIS performance and enhance overall health outcomes through
improving availability of essential health commodities.

5 Conclusion and recommendation

The Logistics Management Information System performance
evaluation in Amhara Region's public health facilities highlights a
blend of successes and ongoing challenges. While essential forms like
IFRR and RRF are widely available and power systems generally
operational, critical issues persist, including frequent power
interruptions, inadequate internet connectivity, insufficient
computer resources, and inconsistent availability and utilization of
LMIS forms. The [FRR reporting rate as per the IPLS 2 weeks
schedule was found to be 67.04%. Of the facilities using the RRE, 51%
placed emergency orders at least once per year, The need for more
dedicated personnel for supply chain management and uneven
supervisory support further compound these problems. To address
these issues, investing in reliable power solutions and improving
internet infrastructure is crucial; expanding computer access,
standardizing LMIS tools, increasing staffing and training, and
cnhancing feedback and supervisory mechanisms are crucial
Collaborative efforts among stakeholders are vital to overcoming
these barriers and enhancing the effectiveness of the LMIS. Digitizing
the LMIS and increasing the utilization of its information for
decision-making can significantly improve the health system’s

fromierdnorg

96



Mexonenet o,

performance, ensuring better access to essential medicines and
improved health outcomes.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

This study was appraved by the Ethical Review Committee of the
School of Pharmacy (Protocal No: ERB/SOP/399/14/2022) and the
Institutional Reviesy Board of College of Health Sciences, Addis Ababa
University (Protocol number: 007/22/SoP). Written informed consent
was obtained from all participants and instif involved in the study.

Author contributions

ZM: Concepiualization, Data curation, Formal analysis
Investigation, Methodology, Project administration, Software,
Validation, Visualization, Writing - original draft. DC
Conceptualization, Funding acquisition, Resources, Supervision,
Validation, Writing - review & editing, TF: Conceptualization,
Funding  acquisition, Investigation, Resources, Supervision,
Validation, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study is a part of the

References

I Ozawa S, Shankar R, Leopold €, Orubu 5, Access to medicines through health
systems in low- and middle-income courtries. Haaitk Policy Phar, (2019) 34:iii] -3, doi:
10,1093/ heapalfczz] 19

2 WHO (2019) ‘Access o medicines and vaccines; seventy second workd health
assembly provisional agenda item 11.7 Avadlable online at: Iips/fapps.avho.intigh)
chwha/pdt_files'WHAT2/472_17-cn pdf (Accessad November 10, 2024)

3. Dowding | M.. Yap €-F. (2014) ‘Communicable diseases in developing countries:
stopping the global epidemics of HIV/ALDS, tuberculosis, malaria, and diarches” US,;
Palgeave Macanillan, pp. 1-230,

4, Steens H, Huys 1. Innovative approaches to increase acoess to medicines in
developing conntries. Front Med. (2017) 4:1-6, doi: 10.3389/fmed. 2017.00218

5 WHO (2010) ‘Monitoring the bailding blocks of heakh systems; & handbook of
indicators and their Mesurement strategics, pp. 1-110 Avadable online at: https./ nsyehoint/
bitstreany hunidles| 0665725387 34/5789241 564062-eng pdf (Aooessed April 23, 2024)

6. Dyea C, Acharyab S. How can the sustainable developauent goals unprove global
heaith? Call for papers. Bl Workd Health Organ, (2017) 95666, dot:
10.2471/BLT.17.202358

7, Hogerzeil HV. Essential medicines and human rlgbuz what can they learn from
each oier? Ball Winld Health Orgun.(2008) $4:371-5. doi: 102471/BLT06.031153

8, Perchuduff K. Universal access to essential medicines as part of the right to health:
@ cross- national comparison of national laws, medicines policies, and health system
indicators. Glob Health Action. (2020] 13:1-16, doi: 10 1080416549716 2019.1699342

9, United Nations (1966) ‘Tnternational covenant o0 cconomic, social and
cultural rights, pp. 1-28, Available online at: https,

10.3389/Mpubh. 20251545429

PhD project by the first author, who was financially supported by
LEARN Logistics by Kothne Foundation (KF),

Acknowledgments

Andre Kreie, Daniel Zapata, Julia Kleineidam and Jorida Gjergji
from LEARN Logistics by Kuehne Foundation deserve special
appreciation. Lastly, the Department of Pharmaceutics and Social
Pharmacy, Addis Ababa University, is acknowledged for its
administrative support during the data collection.

Conflict of interest
The authars declare that the ncscnrch was conducted in the

absence of any ial or fi I relationships that could
be construed as a potential conflict of interest.

Generative Al statement

‘The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or daim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

10, Evans DE, Boerma T Bulletin of the World Health Organization (2004). Bull Worid
Health Organ. (2009) 87;964. doi: 10247 1/BLT09.101209

1L WHO (2018] “Global spending an health: a world in transition. Geneva: World
Health Crganization: 2019, Licence: CC BY-NC-SA 3.01GO” pp. 1-68. Available online
at. https/iriswho inthitst ream/Bendle/ 10665/ 330357/ WHO- HIS-HGF-HF-Working
Paper-19.4-eng pdf¥sequence=1 (Acoessed October 25.2024).

12, Joaily A, Feldhaus I, Bigdow B, Kanareddine L, Tolla MT, Boavier M, ot al.
Toward heuith system strengthening 1 low- and middle-Lncome counteies: insights from
mathematical modeling of driyg supply chains. BMCHeaith Services Res, (2020) 20:1-12,
dok 10.1186/512913-020-03549-%

13 Yadav . Health product supply chains in dev
10t causes of underperformance and an agenda for
{2015) 114254, dox: 10.4161/23288604.2014. 968005

14 EMOH l"moj 'R\iml Mlmayol health anoual performance report of 20192020;

ing countries: diagnosic of the
. Hiealth Systems & Reform,

pp.L-L66 ot Btps/ /v ser
Prfeemance-Kegont-012-2015-2020 {Accessed funary 18,2021
15 GAYT and Global Fund (2019) ‘Qualified saftveare solti

information systems (LMIS) qualified softvare solutions for hgnh management
information systems (LMIS). Availble cnline at lnm-quxnlmu:gr:pummu/
wploadk/ 200OYLMIS-Selection-Gudance 2020 eng i (Accmssed September 23, 2023

16. USAID Deliver Project (2011) Stpply chain mwgmnan case studies from
Nicaragua, hliluru. and Tazua: ta ”511 3. Available onllse ot htvps://
pdiusaid govipd dncsl]’NAEfDﬂM {Accessed Tanuary 18, 2023).

17, Usam Dcival‘:wa(ll)ll"’ﬂrklgmlnmbmk a practical gukle for the sipply

cescrpdf (Accessed Angust 17,2024),

Frontlers in Public Health

a..-n - pp. 12-39 Avmhbk onlfine at: https//
7L Accessed fane 26, 20041

frontierdnorg

97



Mexonenet o,

18. Hedyn W, The buwhip cficctin cxpanded supply chains and the cancept of
cumulative quantitics, innovative methods in Iogsﬂu and sapply chain mansgement:
current issues and emenging practices. Praceedings of the Hamburg international
Conference of Logistics (HICL), (2014) 18:515-30, doi: 10,15480/882.1189

19, Metters R Quantifying the bullwhip eﬁa.nn supply chains, [ Oper Manay, (1997)
15:89-100, doi: 10, 1016/S0272-6963{ 9600048,

20 Erhiopia Pharmaceutical supm Apnty (EPSA) (2119). National Survey of the
Integrated Phacsceutical Logistics System Avallible online at: de//CifUsers!
Admhnlhuwnhcklll’lﬁmwmpm 2)19-1' Fpdf (Accessed March 23,2024).

21. Hailu AD, Ahmed S, Yimer ¥S. Inegrated pharmacentical logistic sysiem in
Ethiopia: syatematic review of challenges and prospects. | Biol Meik. Open Access:
(2020) 1:1-12

22 Alemu T, kmal A, Gashe T Suleman S, Sudhakar S, Fekadu G, Integrated

5 Hlogiticasy | < Jected heakh facilites o Estoopin:
the case of four WOLLEGA ZONES. Res Soc Adm Pharm, (2021) 17:956-63. doi:
101016/} sapliarmn 2020.07.026

23.Shewarcga A. Dowling B Necho W. Fthiopia: National Survey of the
integrated pharmacentical logistics system. Arlington, Vi USAID | DELIVER
PROJECT, Task Onder 4, and Pharmaceuticals Fand and Supply Agency (PFSA)
2ms),

24. Endeshawe K. (2020) ‘Health commodity managemert information system:
Practice, data quality and contributing factoss in public health facilities of Addis Abubs,

Fihiopia, MSc Thesiy, pp. 1-601

25, Taddesse D, (2015) 'Public scctor pharmaceutical Iogistics management
mformation system: a cross- sectional assessment i selected anti- retroviral service
providing imstitutions, Msc Thesss, pp. 1-62.

Frontlers in Public Health

12

10.3389/Mpubh. 20251545429

26. Bekele A, Anbessa GT' L
program medicines in public hmkh uahtiu of east Gojjam zone, \lonftm E\hmpu.
across-sectnml study | Mulidiscip Heaiti (2021) 14819, dot: 102147/ jmdh.s28698 |

27 Damtie TA, thrahim AJL Yikna BB, Supply chain management performance of
HIV/ AIDS commodities and factors affecting it at bealth facilities of SNNFRS of
FEthiopiz from the PQI'I{K1 tve of achieviny 90-90-90 seategles. Jutegrated Phammiicy Res
Pruc, (2020) 9:11-21 i 102147 prp.s228162

28 Mustafs M. Deliver logistics e final evale
report. PLoS Oue, (2016) 16:1-11. dok: 10, U7ll)ouma|.ponc02<nﬂ‘54

29.Tefera BB hh\mlt W, Bekele A, Integrated pharmaceatical Jogistics spstem

lementation in chagni primary hospital and injibara geoeral ital, awi zone,
E{ iopia, f Mudtidiscip Healdfic, (2021) 14:1673-62. doi 102147/ TMDF 5316595
for logistics

30 PATH (2010) ‘Commion
systems, Seattle: PATH;, pp. 166

3[ EMOH (2019) “Natlosal Phasmacy Scnh,c. phmmcwtk.nln supply chain and
Availabic online at:
hllp l)ndl cthernet.cdu.ct/bitstream) 1234567 89190384/ 1/ M% 26EPM pdf
{Accessed December 5, 2024).
32, USAID Deliver Project (1011) Guide to conducting supply chain asssssments
mu:i the LSAT and LIAT Adingan, Va, task order 17 Availible online at hups fipdf.
i o/ pelf. docs/ PADDMHBLpdf ( Accessed July 17, 2024).
33 Fenu TG, Hnmm sesources for public heakth supply chain management in
Ethiepia and ds. Ethiop | Health Dev, (2017) 31:1-L0.
34 Tiye K, Guéeta T. Logistics system pert for
program drugs in public bealth facilitics of cast Wollega zone, Oramia regional state,
Ethiopia. BMC Mt form DecisMak, (2018) 18:133-13, doi 10.1186/51291 -018-0720-9

fromtierdnorg

98



Paper 11

Journal of Multidisciplinary Healthcare Dovepress

Taylor & Francis Group

3 ORIGINAL RESEARCH
Logistics Management Information System (LMIS)
for Health Commodities at Public Health Facilities
in Amhara National Regional State of Ethiopia:

A Data Quality Evaluation Survey

Denny ] Cho (27, Teferi Gedif Fenta'

Zelalem Tilahun Mekonen

'Department of Pharmaceutics and Social Pharmacy, Addis Ababa University, Addis Ababa, Ethiopia: “Logistics Department, Kyrgyz State Technical
University, Bishkek, Kyrgyzstan

Correspondence: Zelalem Tilahun Mekonen, Email zelalem.tlahun@aau.edu.et

Introduction: Access to essential medicines is limited in developing countries mainly due to inefficiencies in health supply chain
management, such as the absence of standard monitoring frameworks and poorly designed Logistics Management Information
Systems (LMIS). Health supply chain managers need accurate and timely data for decision-making. However, routine health
information systems suffer from poor data quality. reliance on paper-based reports, insufficient logistic formats. inadequate infra-
structure, and limited human resources.

Objective: This study evaluates the data quality of LMIS for health commodities in public health facilities in the Amhara National
Regional State of Ethiopia.

Methods: The study was conducted in Ethiopia‘s Amhara National Regional State. The study employed an institution-based
mixed-methods design. Data collection involved 102 facilities selected through mmlti-stage stratified random sampling, adhering to
sampling critenia set by USATD's Logistics Indicators Assessment Tool (LIAT). Data abstraction checklists were used to collect data.
Results: Ot‘ the seven tracer medicines selected to evaluate data quality. there was substantial variability in inventory accuracy rates.
Inventory d pancies were siguifi highlighting p ial issues with manual and digital record-keeping systems, with overall
mean physical and electronic inventory accumc) mm of 74.7% and 70 6%, respectively. Additionally, the Report and Requisition
Form (RRF) showed trends of timely submission, with the overall mean percentage completencss for the seven tracer medicines at
90.2%. However, the data quality experienced fluctuations, with the overall average percentage of legality (authorization of LMIS
reports) and the accwacy of the RRF at 77.2% and 76%, respectively.

Conclusion and R dation: The evaluation of data quality revealed significant discrepancies in physical and electronic
records, with notable fluctuations in completeness. legality, legibility. and accuracy within the health LMIS. To rectify these issues.
robust data quality verifi ¥ clear gui targeted interventions, streng d monitoring s, regular audits, and

comprehensive training for health supply chain staff are needed.
Keywords: LMIS, data quality, RRF, evaluation, performance, healih facilities

Introduction
Access 10 essential medicines in developing countries is a dire global health crisis, with preventable diseases causing
death and disability due to a lack of affordable treatments.'™ Structural and health system deficiencies, along with
cconomic barricrs, leave one-third of the global population and half of Sub-Saharan Africa without consistent access to
lifesaving medicines.'®

Robust supply chains for medicines, vaccines. and other health products are crucial for sustaining public health.”®
Incfficiencies in health supply chain management, including the absence of standard monitoring frameworks and poorly

designed LMIS, impede the progress of health services.”
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Health supply chain managers rely on precise, timely data for strategic and operational decisions, and
information distortions can severely disrupt supply chain efficiency.**"** Effective management of drug selection,
forecasting, procurement, inventory, distribution, rational drug use, and reverse logistics centers on real-time
logistics data.”!"'®

A well-designed LMIS that captures and reports routine data is vital for accurate forecasting, financial planning,
procurement, and distribution of health commodities. Implementing integrated pharmaceutical logistic systems (IPLS)
has enhanced supply chain efficiency in many developing countries. includmg Ethiopia.'>'7'® Ethiopia’s Health Sector
Transformation Planning IT (HSTP-II) agenda also emphasized improving data quality in accuracy, completeness, and
timeliness.**

Despite the progress, routine health information systems in the health sector still need better data quality. Major
challenges inchude reliance on paper-based reponts, insufficient logistic formats, inadequate infrastructure, limited human
resources, and weak inter-sectoral collaboration.’**® A study conducted in the public health facilities of the Harari
Region revealed that only 51.35% of health facilities achieved good overall data quality for the health management
information system (HMIS). This assessment was based on three quality dimensions, which required accuracy to be
280%, completeness to be >85%, and timeliness to be =85%. Consequently, the results fell significantly below the
national target of 80%.”" Digital LMIS in public health facilities and Ethiopian Pharmaceutical Supply Service (EPSS)
hubs face issues related to poor internet connectivity, skill gaps, and poor data quality.”'***% A study in Addis Ababa
also showed 66.61% data quality. with only 39.17% utilization of regular reports for the digital LMIS in health
facilities >

This study evaluates LMIS data quality in public health facilities in the Amhara Region of Ethiopia, focusing on
inventory accuracy and Report and Requisition Form (RRF) reports, including timeli pl legality.
legibility. and accuracy.

Methods
Study Area

The research was conducted in the Amhara National Regional State of Ethiopia. the country’s second most
populous region. This area is administratively divided into 13 Zones and three city administrations. Health
supplies for public health facilities in the region are distributed from four hubs operated by the EPSS. The area
was selected for this study because it is one of the regions that has implemented new pharmacy service and
supply chain initiatives, including clinical pharmacy services, auditable pharmaceutical transactions, and the
Integrated Pharmaceurical Logistics System (IPLS), which are relatively at a mature phase for evaluation
compared to other areas.'’

Study Design

The study employed an institution-based concurrent explanatory mixed-methods design, combining quantitative and

qualitative approaches to gather data. This research is part of a larger project assessing the performance of the health
dities Logistics M Information System (LMIS), in which the findings pr d here are predominantly

drawn from quantitative data analysis.

Source and Study Population
The study encompassed all public health facilities in the Amhara Region. Specifically, the study population consisted of
randomly selected public health facilites within the region.

Sampling Procedure

Health centers and hospitals in all administrative zones, except those with security challenges, were considered
for sampling. Six zones and two city administrations were grouped into three clusters based on EPSS hub
locations. Ultumately, the study included four zones and two city administrations. The public health facilities
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were stratified based on Zones and the level of the facility (Referral Hospital. General Hospital, Primary
Hospital, Health Center). Since distance from the center is a key factor for supply chain management perfor-
mance, distance from the EPSS hub, the Zonal Town, and the Woreda Town were also used for the stratification.
Following USAID’s Logistics Indicators Assessment Tool (LIAT), a 15% sample of facilities was selected:
facilities were chosen using a multi-stage stratified random sampling method proportional to their size. Finally,
a total of 102 health facilities were surveved for the study.

Inclusion and Exclusion Criteria
Inclusion Criteria
o All Zonal Administrations.
* All public health facilities which have been operational for more than one year.

Exclusion Criteria
® Health facilities which were damaged in conflict-affected areas or had security issues during the stdy.
® Health Posts.

Data Collection Process
The data abstraction checklists were adapted from the Logistics Indicator Asscssment Tool (LIAT). Logistics System
Assessment Tool (LSAT), and the Ministry of Health's supply chain monitoring and evaluation tools.”**

Data Quality Assurance
Ten experts validated the data collection tools, and data collectors underwent a two-day training session. The tools were
pre-tested. and adjustments were made as needed.

Operational Definitions

Health Commodities Logistics Management Information System

It is a system designed to manage and oversee the flow of information along with the fiow of heaith commodities across
the healthcare system.

Data Quality
It 1 an assessment of LMIS data’s fitness to serve 1ts purpose in terms of health supply chain data completeness.
tmeli legality. legibility, and accuracy.

Data Analysis and Interpretation

The data underwent a thorough review for completeness and internal consistency before being entered into Epi Info
Version 7 for initial processing. Afterward, the data were exported to SPSS Version 23.0 for comprehensive management
and analysis.

Results

The study surveyed 102 public health facilities, with 58.8% located in nural areas. The majority were health centers
(84.3%), followed by primary hospitals (9.8%). referral hospitals (3.9%), and general hospitals (2%). The evaluation
focused on seven tracer medicines to assess the data quality of the LMIS in these facilities, explicitly targeting inventory
and reportmg. These medicines were selected from the basic health program categories. such as fanuly plannmg,
maternal and child health, malaria, tuberculosis, Human Immunodeficiency Virus/Acquired Immunodeficiency
Syndrome (HIV/AIDS), and infectious diseases.

Inventory Accuracy Rate
Inventory accuracy was assessed in 88 health facilities utilizing bin cards. Accordingly. variability in bin card updates
among these tracer medicimes 15 substantial, ranging from 39.8% for Oxytocin Injection to 68.2% for RHZE/RH. This

Journal of Mukidisciplinary Healthcare 2025:18 e ’ 257
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Table | Tracer Medicines Inventory Accuracy Rate at Public Health Facilities in Amhara Region, March 2022

SN | List of Tracer Drugs (N=88) Updated Bin card? (%) | Physical Inventory Discrepancy (%) | Electronic Inventory
Discrepancy (%)

| Medroxyprogesterone Ijection 545 302126 [0, 75) 6.7£258 [0, 100]

2 | Oxyrocin injection 398 263+989 [0, 575] 3562548 [0, 150]

3 Amoxicillin 250 mg dispersile mb 65.9 14.9+35[0, |40] 14.1£29.4 [0, 100]

4 | ORs#Zinc sulphate® 500 1074285 [0, 120] 19,1239 [0, 100]

5 RHZERH** 682 81288 [0, 200] 55.6+1457 [0, 566.7]

6 | TOFATODTG (of 90)*++ 455 624139 [0. 589] 641 15.4 [0, 367]

7 Artemether+Lumefantrine tab (6x4) | 523 684212 [0. 100] 57.2£1285 [0, 471 4)
Notes, “Oral Refyaration Solton; Isomiazid, Py E b Isoniand “**Tenofovir disoproxdl umarateLamivudine/Dol utegravir,
variability underscores inconsistencies in inventory record update freq ies, potentially impacting inventory y

and supply chain management. Oxytocin Injection notably exhibited high physical inventory discrepancies (26.3% +
98.9), whereas medicines like TDF/3TC/DTG and Artemether + Lumefantrine tablet showed lower discrepancies,
suggesting more effective mventory control. Electronic mventory discrepancies also varied widely. Tracer medicines.
mcluding RHZE/RH. TDF/3TC/DTG. and Artemether+Lumefantrine tablet. displayed cxceptionally high clectronic
discrepancies. This indicates potential issues with the accuracy of manual and digital record-keeping systems in
healthcare facilities. The overall mean physical inventory accuracy for tracer medicines was 74.7%., with a standard
deviation 30.4 (0, 100). The mean electronic inventory accuracy was 70.6%, with a standard deviation of 31.9 (0, 100)
(Table 1).

Timeliness of RRF Reporting Rate

Out of the 102 health facilities, 100 use the RRF for bi-monthly reporting of consumption and resupply requests to EPSS
and the Woreda Health Office (WoHO). For these 100 facilitics, six RRF reports submitted prior to this study were
reviewed. resulting in a total of 600 reports. Among the reports reviewed, the reporting date was indicated in 82% of the
RRFs for the most recent reporting period [Report Period 6] and in 94% for the second most recent period [Report
Period 2].

Across these six reports, the proportion of health facilities submitting their RRF report within the first five days after
the reporting period ranged from 67% in the fifth reporting period to 79% in the second. This trend of imely submissions
within the first five days persists consistently across all reporting periods.

Additionally. the percentage of health facilities that submitted their RRF report until the 10th day after the reporting
period ranged from 7% to 16% in the fourth and last reporting periods, respectively. Few health facilities submitted their
RRF after the 10th day, which ds the ded timefr: owtlined in the IPLS for hospitals and health centers.
The percentage of facilities that did not submit the RRF report during the reporting period ranged from 6% in the second
reporting period to 18% in the sixth reporting period (Figure 1).

Completeness of RRF Reporting

The completeness of RRF data components is critical for suppliers when making resupply decisions. The analysis of RRF
reports consistently showed more than 90% completeness for the six tracer medicines, However, the completeness of the
RRF for the Antiretroviral (ART) medicine TDF/3TC/DTG was steadily less than 70%, with an average percentage
completeness of 65.7%. The overall mean percentage completeness of RRF for the seven tracer medicines was 90.2%
(Table 2).

Legality of RRF
The legality of the RRF report was evaluated using five data components. The data shows a general trend of
increasing percentages across all metrics as the reporting periods advance. The highest frequency for the legality
data component “who prepared the report™ was seen in 97% m the second Reporting Period while the lowest was
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Reporting Period 6

Reporting Period §

Reporting Perixd 4

Reporting Period 3

Reporting Penod 2

Reporting Period |

= ||
- e

® Date of report incicated? ® Report sent until Sth day after RF)
® Report sent until 10th day afier RP) # Reporr sent within 10-15th day after RP)
®Repon sent afier 13th day ufiec RP) = Did not send report

Figure | Timeliness of Report and Requisition Form (RRF) repoet ar public health facilties in Ammhara Reglon, March 2022,

in the sixth Reporting Period (81%). The legality data component “who approved report™ ranged from 83% m
the second Reporting Period to 74% in the sixth Reporting Period. Verification rates showed the most significant
decline. from 66% in the second Reporting Period to 53% in the sixth Reporting Period. The presence of an
official stamp and a cover letter followed similar trends, with the highest rates in the second and first Reporting
Periods, respectively, and the lowest in the sixth Reporting Period. The overall average percentage legality of
RRF was found to be 77.2% (Table 3).

Legibility of RRF

There were illegible items i the RRFs across all the reporting periods. Of the total 100 health facilities usmg RRFs, the
percentage of health facilities with legible RRF ranges from 29% to 31% in the 2™ reporting period and the 6 reporting
period, respectively. The average percentage of illegible items per the illegible RRF report ranged from 2.8% in the fifth
Reporting Period to 6.4% in the first Reporting Period. The data highlights fluctations in the quality of the RRFs,
indicatmg periods with better and worse legibility (Table 4).

Pharmaceutical SCM M&E Reporting

Of the 102 health facilities studied, 45 were using the pharmaceutical monitoring and evaluation quarterly reporting
system. The evaluation of the four reports from the year before the study showed a decline in the timely submission of
reports over the four reporting periods. The highest percentage of on-time reports was in the first Reporting Period
(53.3%). while the lowest was in the third Reporting Period (15.6%) (Figure 2).

Accuracy of RRF

The accuracy of the RRF report was evaluated using eight data components critical for resupply decisions. For
the seven tracer medicines used to assess RRF accuracy, the highest average p g ¥y was
for Amoxicillin 250 mg dispersible tablets, with a frequency of 81.1%, while the lowest was for Oxytocin

injection, with a frequency of 68.5%. Among the eight data components, the highest score was for “Venfied

| PEECEREY
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Table 2 Completeness of Report and Reguisiion Form (RRF) Repeort at Public Health Facilites in Amhara Region, March 2022

SN | Uist of tracer medicines “Beginning | “Quantity | “Ending | “Calulated | “Maximum | “Quamtiyto | “Average Percentage
[N=100] Balance” | Received” | Balance” | Consumpdon® | Quantey” | Reach Max" Compleceness®
I | Medromprogesterane Ingection 95 95 5 % 54 9 548
2 | Oytocin injection 95 9 5 5 ™ 94 M5
3 | Amaxiclin 250 mg tab % % L] 7 % %% 53
4 | orS: Zinc wiptare 50 %0 s tl sl el %05
5| ReEZERH 54 94 54 % % 35 45
¢ | TORTCIOTG (of S0 “ Y] I “ & i 7
7 | Artemethers Lumefantrine b 95 5 5 56 5 £5 %
Average Percentage Completencss. g Y LA *© 04 03 904 %02

Nates “Ors lisydrat o “odaton: "Réampucn, henand, Pyrasnamds, Bsambuol b spucrs, honemd, *Jencbonr ducgean SimarstmLamoed neDolrtegras
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Table 3 Legality of Report and Requisition Form (RRF) Reporting at Public Health Facilities in Amhara Region, March 2022

SN | Reporting No of Reports No of Reports No of Reports No of No of Average
Period [N=100] | Which Indicated | Which Indi d | Which Indicated | Reports with | Reports Percentage
Who Prepared It | Who Approved it | Who Verified It Official | with Cover | Legality
Stamp Letter
I 1** Report Period 92 9 63 84 7 794
2 2™ Report Period 97 83 66 87 8l 828
3 3™ Report Perlod 2 79 62 82 78 786
4 4" Report Period 9l 80 &0 82 78 782
5 5" Report Period 86 75 59 b 72 742
6 6" Report Period 8l 74 53 75 67 70
Average % Legality 898 783 605 815 758 772
Table 4 Legivility of Report and Requisition Form (RRF) Reporting at Public Health
Facilities in Amhara Region, March 2022
SN | Reporting Period [N=100] Percentage of Health Average
Facilities with Legible RRF? Percentage
of lllegible ftems

I | 1% Report Period 80 64 [1,473)

2| 2 Report Period 8l 491(1.15]

3 | 3 Report Period 75 35[08, 155]

4 4" Report Period 76 47 [08, 15.8)

5 5 Report Period 74 2808, 182]

6 | 6" Report Period 69 38 [08, 46.9]
Yo latard asli g

| d on RRF”, with a frequency of 88.9%. and the lowest was for “Ending balance
of RRF vs Ending balance of bin card”, with a frequency of 46.4%. The overall average percentage accuracy for
RRF was 76% (Table 5).

24
17
! n
7

Reporting Period 1 Reporting Period 2 Reporting Period 3 Reporting Period 4
Figure 2 Supply Chan M Montoring and Evaluation quarterly reporting at public health fackities in Amhara Regon, March 2022
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Table S Accuracy of Report and Requusition Form (RRF) Repore at Public Health Faclimes in Amhara Region, March 2022

SN | List of Tracer Verifiod Verified Verified | Valid Beginning | Valid Quanticy | Ending Balance Losy DOSof | Average
Medicnes Calulate | Maximum Stock | Quantity | Balance of this | Received of RRF | of RRFvs | Adjustment | RRFvs | Percentage
d Consumption Quandity Neededtw | RPofRRF vs vsQuantity | Ending Balance | ofRRFvs | DOSof | Accuracy
Indicated on | Indicated on RRF | Reach Max | Ending Balaace | Received of of Bin Card BnCard | BinCard
RAF ONRRF | of Previous RRF | STV/Medd 19
Report
1| Medromprogosturans e 953 w02 7 674 474 ™1 9 774
njection
1| Oxptocin irjwtion 3 0o 71 nr m7 58 e 560 s
3 | Amaviclia 250 mg " s 03 71 054 563 709 B il
cispersible ub
« | ORSS Zinc siphate” 0 857 946 756 "y I “wr “i 743
5 | REZERHT 5 M2 @9 766 4 409 762 7 780
- TORMTCDIC™ Bas 6 Hsl me w7 554 166 se T84
1| Achmeo + ar 83 as3 n7 "2 413 & r 46
Lundurheine uds
Asweage Prrcectage Accuracy (8] sl w 73 [0 A4 705 1 P
Notes: “Oral Rebyivatnn Sontan “Rlenpon honund, Py, Bonund
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Discussion

Data quality evaluation within healthcare facilities™ LMIS revealed substantial issues in inventory recording, critically
impacting the supply chain's efficiency.”” Timely and ﬂccm‘ate data management is essential for generating quality
information for decision-making '**° This study indicated I 'y discrepancies among tracer medicines.
particularly Oxytocin Injection, which showed the highest physical inventory discrepancics (26.3% = 98.9), indicating
severe challenges in mantaining accurate physical counts. This discrepancy will result in an unprecedented stockout.

which will nltimately impact the health outcomes for mothers and new-bom child as this medicine is ial for
mducmg labor during delivery. The overall mean physical and clectronic mvcntury accuracy were 74.7% and 70.6%.
pectively, suggesting mod reliability 10 stock The el y v 15 lower than lhe

physical inventory accuracy, which may be due to less frequent updates of the digital system after the manual recordmg»
Electronic discrepancies underscore potential issues with data integrity and system synch
consistent updates across all health commodities. This 1s hkelv a result of challenges related to workload, workforce
shortages, and skill gaps in managing the digital system. The inventory accuracy in this study is comparable to the study
report of 77% in the Southern Nations, Nationalities, and Peaples” Region (SNNPR),* lower than the report of 87% by>"
in South West Ethiopia and the report of 90.6% in Addis Ababa,** and surpasses the report of 52.45% in West Wollega.**
This may be due to the lack of regular updates to the bin card, resulting from workload, workforce shortages, competency
gaps. and the challenges of manual TMIS, which is tedious for frequent updating '*** Addressing these discrepancics
requires implementing improved inventory management practices, robust inventory control systems, and comprehensive
staff training to ensure adherence to inventory p ls. These ent 1ents will ultimately boost supply chain

ization, ing

cfficiency, reduce wastage, and cnsurc adequate drug availability. thereby increasing access to essential medicines and
improving health outcomes for patients.
The TPLS mandates hospitals and health centers to submit the RRF report within ten days after the rtpumng period.

Analysis of six reports from the previous year showed variability in timely submissi with non- rates
ranging from 6% to 18%. The findings on timely RRF reporting performance are consistent with those from the Bahirdar
EPSS branch study (75.6%)™* and arc higher compared to the studics conducted in SNNPR (56.7%), Gambela (64%).
and West Wollega (62.9%).%"**** However, the non-submission rates during each period were comparable to those in
other studies. Delays and non-submissions can significantly impact the supplier's supply plamming system and the
availability of medicines. This can result in stockouts, where essential medicines are unavailable when needed, or
overstock situations, which can lead to wasted resources and expired products. Ultimately, these disruptions can
compromise patient care by limiting access to essential medicines, leading to potential health risks and poorer health
outcomes,

The completeness of RRF data components is crucial for informed resupply decisions. Analysis of the reviewed RRF
reports revealed over 90% completeness for six tracer medici 1 the ART medicine TDF/3ATC/DTG consistently
d d lower compl at 65.7%. This significant discrepancy in ART medicines may be attributed to the fact
that this program is well-established, leading to less attention and follow-up for this donor-based program medicines. The
overall mean completeness for the seven tracer medicines was 90.2%, indicating high pl with bl
exceptions for ART medicines. This finding is lower than the 97.8% completeness reported in East Wollega®® but higher
than the completeness rates reported in West Wollega (62.9%),** Gambella (71%),"* and the EPSS Bahir Dar branch
(68.5%)>

Legal approval of RRF is critical due to concurrent financial transactions within the reporting system. Verification
rates significantly declined, from 66% in the 2™ Reporting Period to 53% in the 6™ Reporting Period. The overall mean
legality of RRF, evaluated across five data components, was 77.2%, indicating a need for improvement. The legibility of
RRF reports is problematic, potentially affecting resupply decisions. The average percentage of illegible items per the
illegible RRF varied from 2.8% to 6.4%, highlighting fluctuations in report quality. Digitization of the LMIS and the
RRF reporting system is essential to address these issues.

Despite initiating a quarterly monitoring and evaluation system for pharmaceutical supply chain managsment,
adherence to utilization and timely report submission stll need to be revised. Out of 102 health facilities, only 45
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utilized the quarterly reporting system. An analysis of four reports prior to this revealed a decline in timely submissions.
with the highest on-time reporting rate of 53.3% in the nearest 1** report period and the lowest at 15.6% in the 3 report
period. This low performance in the monitoring and evaluation report may be attributed to the recent initiation of the
framework within the healthcare system, as there may not yet be full implementation across all health facilities. Hence,
these findings underscore the critical need for enhanced adherence to reporting rimelines to ensure the effectiveness of
the monitoring systen.

The accuracy of RRF reports, evaluated using eight critical data components. is paramount for adequate report
verification and informed resupply decisions. The analysis revealed that Amoxicillin 250 mg dispersible tablets had the
highest accuracy at 81.1%, whereas Oxytocin Injection had the lowest at 68.5%. The overall average accuracy for the
RRF was 76%, indicating a substantial need for improvement in data accuracy. This study’s findings are higher
compared to those reported in West Oromia (37.1%),”” Gambella (49%),"" North West Ethiopia (59.48%),*" and East
Wollega (64.6%).*° However, the accuracy is lower than the 84.6% reported in South West Ethiopia.’® This low
accuracy rate can be mmproved by digitizing the LMIS system, replacing manual calculations with d digital
processes, increasing the supply chain workforce, enhancing capacity-building training, and providing adequate
supportive supervision. These discrepancies in accuracy affect informed resupply decisions, which in tum impact
facility stock levels, leading to either stockouts or overstock situations. This issue compromises patient care by
limiting access to essential medicines.

Conclusion and Recommendation
Data quality cvaluation within healthcare facilitics’ Logistics Management Information Systems showed significant
variability in inventory accuracy rates. Severe discrepancies in both physical and el ic inventories highlight critical
flaws in manual and digital record-keeping systems. Although the RRF report showed a trend of timely submissions,
there were substantial i i ies in data pl legality, and legibility. The overall mean completeness,
legality, and accuracy of the RRF were 90.2%, 77.2%, and 76%, respectively.

To address these issues, it is essential to strengthen the report verification system, improve record-keeping practices,

and ensure timely submissions to and the resupply of medicines. Digitalization of the inventory

recording and reporting system may reduce workload. improve data quality. and enhance LMIS performance.
Additionally, targeted interventions should focus on improving inventory accuracy for items with high discrepancies.
Furthermore, strengthening monitoring systems through regular audits and feedback, along with comprehensive training
for health supply chain staff. will continuously improve data quality in both manual and digital systems.
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Objectives: This study aimed to evaluate the performance of vaccine logistics management information systems at public
health facilitics in Amhara Region, Ethiopia. Mcthods: An institution-based concurrent explanatory mixed design was used
at public health facilities in Amhara Region, Ethiopia. In total, 102 health facilities were selected using the multi-stage, strati-
fied, random-sampling proportionate-to-size method. Data were collected using a structured data abstraction checklist from
vaccine logistics management information system records. Additionally, experiences of Expanded Program for Immuniza-
tion focal persons were gathered through interviewer-administered questionnaires. Results: Among the 102 health facilities
surveyed, 99 (97.1%) provided vaccination services during the study period. On the day of the visit, the average availability
and utilization rates of 15 vaccine logistics management information system forms were 44.1% and 40.5%, respectively. The
mean inventory accuracy for tracer vaccines stood at 58.3% = 45.1%. The overall average accuracy percentages for urban and
rural vaccine request form reports were 73.4% and 69.6%, respectively. Conclusions: The performance of vaccine logistics
management information systems in these public health facilities was suboptimal. Key issues identified include inconsistent
use of recording forms, shortages of reporting forms, lack of digitalization, poor data quality, and a shortage of qualified staff.
These findings underscore the urgent need for standardization of the vaccine logistics management information system and
enhancement of data quality.
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Access to essential medicines in developing countries is a

be prevented, treated, or mitigated with the availability of

cost-effective essential medicines, including vaccines [2,3].

Thisis an Open Access article distributed under the terms of the Creative Com- Immunization not only saves lives but also shields against
mons Attribution Nos-Commercial Lcerse (Wp fiereativecommons orgflicensesf by- Y R
nci4.0() which permits unrestricted non-commersial use, distribution, and reproduc- serious illnesses and is acknowledged as one of the most

tion in any medium, provided the original work i properly cited.
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cost-effective health interventions [4]. The World Health
Organization (WHO) has identificd cquitable access to es-
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sential medicines, vaccines, and technologics as a fundamen-
tal component of any national health system [5].

However, one-third of the global population, including half
of those in Sub-Saharan countries, lacks regular access to life-
saving essential medicines and vaccines [1,6,7]. Although
economic constraints in developing countries play a role,
structural and health system-related factors arc also signifi-
cant bottlenecks in the supply chain for essential medicines
and vaccines [8].

The primary purpose of the healthcare supply chain is to
ensure that the right product is delivered to the right cus-
tomer, in the correct quantity and condition, to the appro-
priate location, at the right time, and at an affordable cost [9].
Despite the complexity of the healthcare supply chain, meet-
ing all these criteria is essential for the effective functioning
of a healthcare system [8,9].

An efficient vaccine supply chain system is crucial for
achieving the goals of the Expanded Program for Immuni-
zation (EPI), a key intervention in reducing mortality and
morbidity among under-5 children [4,10]. The success of the
EPI heavily relies on a specialized supply chain management
system for vaccines, which includes proper storage, trans-
portation, handling, and the involvement of qualified per-
sonnel [4,11]. Given that vaccines are temperature-sensitive
biological substances, a robust end-to-end cold chain system
is essential to maintain vaccine potency up to the point of
delivery [11]. Without this, vaccines can rapidly lose their
effectiveness or even become hazardous [12].

A robust vaccine logistics management information system
(VLMIS) is ial for ging suppli
mand, and strategic planning [13]. According to the WHO,
an effective health information system that supports the pro-

, predicting de-

duction, analysis, and dissemination of data is crucial for the
proper functioning of a healthcare system [5].

Likewise, an effective VLMIS, which provides real-time lo-
gistics data at every healthcare level, is crucial for a resilient
and successful immunization program [9,11,14,15]. Its pri-
mary goal is to ensure an uninterrupted supply and optimal
use of high-quality vaccines from manufacturers to service
delivery points [9,16}.

In Ethiopia, the EP1 was launched in 1980, initially provid-
ing six antigens [10]. Starting in June 2014, the vaccine sup-
ply chain began transitioning to a phased approach, integrat-
ing with the Ethiopian Pharmaceutical Supply Service (EPSS)
Integrated Pharmaceutical Logistics System (IPLS). Further-
more, the VLMIS has been incorporated into the IPLS using

d system (LMIS)

pted logistics nt infor

tools [15,17].
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Despite these cfforts, studies in Ethiopia have identificd
numerous challenges at health facilities concerning immuni-
zation data quality. These issues encompass the use of non-
standardized data recording and reporting tools, unreliable
data, shortages of recording materials, poor data quality,
and limited capacity among EPI officers [10,18-21]. Similar
challenges have been documented in other low- and middle-
income countries [22]. Although vaccine logistics manage-
ment is a critical component of the EPI program, there has
been a lack of in-depth research on the VLMIS and related
data quality issues. Therefore, evaluating the performance of
the existing VLMIS is crucial for enhancing the vaccine sup-
ply chain system in Ethiopia’s public health facilitics.

Il. Methods

1. Study Design

An institution-based concurrent explanatory mixed study
design was implemented in Amhara Region, the second-
most populous region in Ethiopia. Data collection involved a
combination of quantitative and qualitative methods.

2. Study Population

The study population comprised hospitals and health centers
that provide EPI services, along with all EP1 focal persons
responsible for Both | and digital
VLMIS implementations in the region were included in the

evaluation.

3. Sampling Procedure

Six zonal and two city administrations were selected and
stratified into three clusters according to the locations of
EPSS hubs. Fifteen percent of the facilities were included fol-
lowing the recommendation from USAID's Logistics Indica-
tors Assessment Tool [23]. A multi-stage stratified random
sampling approach was used, with sample sizes for each zone
and district allocated proportionally. In total, 102 facilities
participated, comprising referral hospitals, general hospitals,
primary hospitals, and health centers.

4. Inclusion and Exclusion Criteria
Inclusion criteria are all zonal administrations; public health
facilities that had been functional for more than 1 year; EPI
focal persons with >6 months of experience for the qualita-
tive interview; and manual/digital VLMIS implemented in
more than one zonal administration.

Exclusion criteria are health facilities that had been dam-
aged in conflict-affected areas or had security problems dur-

https:/fdoi.org/10.4258/hir.2024.30.4375
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ing the study; manual and digital information management
tools for other health services; and health posts.

5. Data Collection Process

The study utilized a structured data abstraction checklist and
interviewer-administered questionnaires to collect quantita-
tive data, while qualitative data were gathered using guiding
questions. The tools for data collection were adapted from
those developed by the WHO, the Ministry of Health, and
the Amhara Regional Health Bureau. Data were extracted
from vaccine ledger books, vaccine request form (VRF)
reports, and VLMIS forms. The interviewer-administered
questionnaires gathered information from EPI focal points
about their experiences and the performance of the VLMIS
at their facilities. Additionally, observations and physical
counts of selected vaccines in refrigerators were conducted
to verify inventory accuracy. Qualitative information was
collected from the EPI focal points through guiding ques-
tions.

6. Data Quality Assurance

A triangulation technique was employed to ensure the va-
lidity of the data. Data collection tools, adapted from those
developed by the WHO and the Federal Ministry of Health,
were validated by 10 field experts. These tools were pre-
tested, and necessary amendments were made prior to the
commencement of data collection. Qualified health supply
chain management postgraduate students, who had received
two days of training, conducted the data collection. Field
supervisors checked the completeness of the data on a daily
basis.

7. Data Analysis and Interpretation

Quantitative data were thoroughly checked for completeness
and consistency before being entered into Epi Info software.
After validation, the data were exported to SPSS version 23.0
(IBM Corp., Armonk, NY, USA) for detailed descriptive
statistical analysis. The results were subsequently presented
through graphs and tables and interpreted in line with the
study objectives. Qualitative data, which captured the expe-
riences of EPI focal persons regarding VLMIS performance,
were subjected to thematic analysis. This analysis involved
translating audio recordings and manually coding the data.
Key themes and patterns were then identified and inter-
preted to gain a comprehensive understanding of the VLMIS
from the users’ perspectives.

Vol.30 e No.4 e October 2024
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8. Ethics Statement

This study was approved by the Ethical Review Committee
of the School of Pharmacy (Protocol No. ERB/SOP/399/
14/2022) and the Institutional Review Board of College
of Health Sciences, Addis Ababa University (Protocol No.
007/22/SoP). Informed consent was obtained from all par-
ticipants involved in the study.

I11. Results

1. General Information

VLMIS data were collected from 99 of the 102 public health
facilities included in the study. Two facilitics had not initiat-
ed EPI services, and one had its operations disrupted due to
conversion into a COVID-19 treatment center. Of the facili-
ties surveyed, 37 (37.4%) were located in urban areas, with
the remainder in rural settings. The majority of the facilities
(n = 84; 84.8%), were health centers. The remaining facilities
were primary hospitals, gencral hospitals, and referral hospi-
tals, which accounted for nine (9.1%), three (3%), and three
(3%) respectively (Figure 1).

Among the facilities surveyed, 68 (68.7%) lacked a separate
vaccine storage room and instead used shared spaces with
immunization service areas. All but one facility had an as-
signed EPI focal person. Manual VLMIS was utilized in all
facilities, with no instances of digital VLMIS adoption.

All surveyed facilities were equipped with at least one func-
tional refrigerator. During the evaluation, the average avail-
ability of functional temperature monitoring devices within
these refrigerators was 93.9% (standard deviation +£17.8). Of
these devices, temperature recording charts were present in
89.5% of cases (standard deviation £23.1). Over the course
of a month, only 82 facilities (82.8%) consistently recorded
refrigerator temperatures in accordance with WHO recom-
mendations.

Bl Urban
3 Rural

<

[ | .

Health center 'Pn'mary hosu'(all Genera hospnal' Referral nosp’!al‘

Figure 1. Levels and location of public health facilities surveyed,
Amhara Region, Ethiopia on March 2022.
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2. Availability and Utilization of VLMIS Forms

During the study, the average availability of 15 VLMIS forms
was 44.1%, with a utilization rate of 40.5%. The VRE, which
serves as a monthly consumption report and order request,
was present in 96 (97%) of the surveyed facilities. In con-
trast, the bin card and stock card, both used for stock-keep-
ing records, were found in only onc or no facilitics. The VRF
maintained a better 3-month supply rate (93.9%), whereas
the vaccine accuracy analysis tool form was in an exception-

ally deficient supply (5.19%) (Table 1).

3. Data Quality

VLMIS data quality was evaluated across four dimensions:
inventory accuracy rate, timeliness, completeness, and ac-
curacy. The first dimension evaluated the accuracy of stock-
keeping records, whereas the other three dimensions con-
centrated on VRF reports. For inventory accuracy, three key
tracer vaccines used in child care and routine immunization
were analyzed, while all cight tracer vaccines were examined
for the remaining data quality dimensions.

1) Inventory accuracy rate for vaccines
Out of the 99 facilities providing vaccination services, only
84 (84.8%) utilized the vaccine stock management ledger

HIR

book, and merey 42 (50%) of those updated it prior to the
day of the visit. The mean inventory discrepancy rate for the
three tracer vacci pentavalent, Bacillus Cal Guerin
(BCG), and measles—was 15.9 + 421 (range 0-255.2),26.5 +
59.6 (range 0-350), and 25 + 66.3 (range 0-400), respective-
ly. The overall mean inventory accuracy rate for these tracer
vaccines stood at 58.3% + 45.1%.

2) Timeliness of VRF reports

Public health facilities are required to submit monthly vac-
cine consumption and demand requests using the VRE.
Woreda health offices or EPSS branches then distribute vac-
cines based on these reports. This study analyzed one year
of monthly VRE reports to evaluate their timeliness. In the
most recent reporting period, 85 facilities (85.9%) correctly
indicated the reporting date, while 13 facilities (13.1%) failed
to submit a report. Alarmingly, 44 facilities (44.4%) did not
have a VRE report for the 12th reporting period. Approxi-
mately 65 facilities (65.7%) submitted VRF reports on time
in the recent period, but this number dropped to 41 facilities
(41.4%) in the latest period. The data indicate a declining
trend in the timeliness of VRF report submissions over time
(Figure 2).

Table 1. Availability and utilization of vaccine logistics management information system forms at public health facilities in Amhara Re-

gion, Ethiopia on March 2022

Vaccine logistics management information system Availability Utilization Supply for  Supply for
forms for vaccine management (n = 99) status =3 months <3 months
1 Vaccine forecasting tool (Paper, Word, Excel) 59(59.6) 58 (58.6) 56 (56.6) 2(2)
2 Vaccine request form (VRF) 96 (97) 94(94.9) 93(93.9) 1(1)
3 Model 19/H 27(27.3) 26(26.3) 24(24.2) 2(2)
4 Model 22/H 27(27.3) 26(26.3) 24(24.2) 2(2)
5 Bin card 1(1) 0(0) - -
6 Stock card 0(0) 0(0) - -
7 Vaccine stock management ledger book 94(94.9) 75(75.8) 82 (85.9) 3(3)
8 Physical inventory form 32(32.3) 30(30.3) 30(30.3) 0(0)
9 Temperature monitoring chart 94(949) 38 (88.9) 89 (89.9) 0(0)
10 VREF accuracy analysis tool (Excel, Word) 5(5.1) 5(5.1) 5(5.1) o(0)
11 Monthly vaccine wastage monitoring form 44 (444) 34(343) 39 (39.4) 0(0)
12 Damaged vaccine registration format {Excel, Word) 32(323) 30(30.3) 30(30.3) 0(0)
13 T ization self- tool 66 (66.7) 61 (61.6) 63 (63.6) 0(0)
14 Temp re ing data y sheet H4(444) 41(41.9) 40 (40.4) 1(1)
15 Vaccine management key performance indicator monthly 34(343) 33(33.3) 32(32.3) 1(1}

report template

Values arc presented as number (%).
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Expected number of reports
Regporting period 12 (February 2021)
Reporting period 11 (March 2021)
Reporting period 10 {Apnl 2021)
Reporting period 9 (May 2021)
Reporting period 8 (June 2021)
Reporting period 7 (July 2021)
Reporting period 6 {August 2021)
Reporting period 5 (September 2021)
Reporting period 4 (October 2021)
Reporting period 3 (November 2021)
Reporting period 2 (December 2021)
Reporting period 1 (January 2022)

Vaccine LMIS Perf Evaluati

B VRF report date indicated

W VRF report sent as per schedule

0 VRF report not sent as per schedule
9 VRF report sent after schadule

B Did not sent VRF report

Figure 2. Timeliness of monthly vaccine request form (VRF) reports among public heaith facilities in Amhara Region, Ethiopia on
March 2022 (reporting schedule: until the 10th day after the end of the month).

3) Completeness of VRF reports

Public health facilities utilize distinct versions of the VRF for
urban and rural settings; however, these forms must be used
more clearly and consistently. Three rural facilities mistak-
enly used the urban VRE, while 12 urban facilities utilized
the rural VRE The completeness of the data for both urban
and rural facilities was evaluated based on the VRF em-

ployed during the assessment.

4) Urban VRF report completeness

Of the 28 health facilities using the urban VRE 26 submitted
recent VRF reports, achieving an overall completeness rate
of 88.4%. The data element “quantity of vaccines received”
had the highest completeness score at 95.6%, whereas the
“loss/adjustment” element recorded the lowest score at
76.1% (Table 2).

5) Rural VRF report completeness

Of the 71 health facilities utilizing the rural VRF, 60 pro-
vided recent reports, achieving an overall completeness rate
of 87.8%. The data element “beginning balance” recorded
the highest completeness at 98.3%. In contrast, the complete-
ness scores for "doses discarded” and “vaccinations given in
the last supply period” were the lowest, at 79.8% and 40.8%,
respectively (Table 3).

6) Accuracy of VRF reports
The accuracy of both the urban and rural versions of the
VREF was assessed.

7) Urban VRF report accuracy

The accuracy of VRF reports was assessed using only the
most recent data available. The average accuracy across vari-
ous facilities was 73.4%. The “quantity received” category

Vol.30 e No4 e October 2024

achieved the highest accuracy, scoring 90.6%. In contrast,
the “quantity needed (requested amount)” and “maximum
stock” categories recorded the lowest accuracy scores, at
62.5% and 58.3%, respectively. The average accuracy rate for
all eight vaccines across health facilities did not exceed 75%
(Table 4).

8) Rural VRF report accuracy

The average accuracy rate of VRF reports for all eight vac-
cines in health facilities using rural VRF was 69.6%. The
highest accuracy score (89.4%) was for “receiving during the
last supply period,” while the lowest score (31.3%) was for
“vaccinations given in the last supply period” (Table 5).

4. EPI Focal Persons' Experiences and Reflections on
VLMIS Performance

Out of the 99 facilities evaluated for VLMIS performance,
98 had EPI focal persons overseeing the vaccine supply
chain. We interviewed 96 EPI focal persons, who had an
average age of 2897 + 4.21 years. The majority; 51 (53.1%),
were female nurses. In terms of academic qualifications, 36
(37.5%) held bachelor’s degrees, while 60 (62.5%) possessed
diplomas. On average, these individuals had 6.914.03 years
of professional experience, including 2.1 £ 1.54 years as EPI
focal persons. Their experience in other pharmaceutical sup-

ply chain-related activities averaged 0.3 + 0.87 years,

1) Experiences of EPI focal persons related to VLMIS per-
formance

(1) Vaccine logistics training

Of the EPI focal persons surveyed, 83 (86.5%) reported hav-

ing participated in training related to vaccine and cold chain

logistics management. The most frequently mentioned train-

ing topics were “Effective vaccine management,” “EPI vac-
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cine management,” and “Vaccine cold chain management”
These topics were cited by 37 (44.6%), 28 (33.7%), and 25
(30.19) of the trained EPI focal persons, respectively (Figure
3).

(2) VLMIS supportive supervision

Among the EPI focal persons surveyed, 73 (76%) reported
receiving supportive supervision for vaccine supply chain
management and VLMIS-related issues. Of these, 25 (34.2%)
received supervision within the last month, while 27 (37.0%)
received it 1-3 months ago, 11 (15.1%) 3-6 months ago, and
10 (13.7%) more than 6 months ago. The primary organiza-
tions providing supportive supervision were the Woreda
health office and the zonal health department, cited by 30
(41.1%) and 15 (20.5%) respondents, respectively. Addi-
tionally, joint teams from various organizations and NGOs
were mentioned by 15 (20.5%) respondents, and another 11
(15.19) cited other sources (Figure 4).

Supportive supervision primarily concentrated on various
tasks including recording in vaccine ledger books, checking
vaccine vial monitors, monitoring temperatures, managing
cold storage, overseeing immunization, reporting through
the VRF, preparing micro plans, ensuring data quality, re-
cording vaccine wastage, forecasting, and maintaining the
availability of LMIS forms. EPI focal persons reported im-
provements in these areas following supportive supervision.
(3) VLMIS feedback
Of the 96 EPI focal persons interviewed, only 33 (34.4%)
received written feedback from higher institutions last year.
Among these, 24 (72.7%) received their feedback from the
Woreda health office, while the remainder received feedback
from the zonal health department and the regional health
bureau. Of these individuals, only 19 (57.6%) received writ-
ten feedback in the most recent quarter (3 months).

(4) Chall the VLMIS

EPI focal persons shared challenges and recommendations
for improving the VLMIS in health facilities, which are sum-
marized thematically below (Table 6).

and suggestions to imp:

Effective vaccine management

EP| vaccine management

Vaccine cold chain management
Immunization in practice

Immunization

Vaccines handling and storage management
Vaccing preventable diseases

Public health emergency management

Adverse effect of vaccine

HIR

IV. Discussion

This survey evaluated the status of the VLMIS in Amhara
Region, Ethiopia. A specialized, well-equipped infrastruc-
ture is essential for managing the vaccine supply chain [11].
In this study, only 68 (68.7%) of the surveyed health facili-
ties had dedicated vaccine storage rooms. Additionally, only
93.9% (standard deviation £17.8) of the functional refrigera-
tors were equipped with functional temperature monitor-
ing devices. The main infrastructural challenges identified
in these facilities included poor road infrastructure, lack of
power backup, and msufficient information and communi-
cation technology (ICT) materials. Responses from EPI focal
persons and findings from other studies underscore these
infrastructural issues as significant obstacles to efficient
vaccine management and the operation of VLMIS [13,15].

WoHO AHD
* UNICEF (1) & WHO (9)
** RHB+WHO (1), UNICEF+WoHO=RHE (1), WHO+UNICEF (1),
RHEYWHO (1), WoHO+ZHD (8), WoHO+ZHDYRHB (1), ZHO+RHB (1),
ZHDARHBAFIAOHYWHO [1)

Figure 4. Organizations that provided supportive supervision on
vaccine logistics for Expanded Program for Immuniza-
tion focal persons at public health facilities in Amhara
Region, Ethiopia on March 2022 (n = 73). UNICEF:
United Nations Children's Fund, WHO: World Health
Organization, RHB: regional health bureau, ZHD: zonal
health department, WoHO; Woreda health office, FMOH:
Federal Ministry of Health.

RHB FMOH NGOS* Intergrated™

Figure 3. List of vaccine and cold ch-
ain logistics management-
related training provided for
Expanded Program for Immu-
nization (EP) focal persons
at public health facilities in
Amhara Region, Ethiopia on
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These challenges could severcly impact the supply chain,
compromising vaccine potency to the last mile and the ef-
fectiveness of its information management system [11]. The
study also revealed that nearly 17% of the fadilities failed to
record temperatures in the cold room regularly, as recom-
mended by the WHO [11].

A well-designed supply chain system ensures the capture
of reliable and timely information through standardized
logistics recording forms [5]. Among the 15 VLMIS forms
intended for use in surveyed health facilities, the average uti-
lization rate was 40.5%. The VRF showed higher availability
and utilization compared to the “bin card” and “stock card.’
which were almost entirely unused. This discrepancy high-
lights gaps in the design and implementation of VLMIS at
public health facilities. Similar challenges with VLMIS have
been reported in studies conducted in Northwest Ethiopia
[20,21] and Uganda [22]. These issues with VLMIS forms
can significantly impact data quality and, ultimately, the ef-
fectiveness of the immunization program [11,14,15].

This study evaluated the quality of VLMIS across four di-
mensions. Among the facilities surveyed, only 84 (84.8%)
used the vaccine stock management ledger book, and merely
42 (50%) of those updated it prior to visits. The average
inventory accuracy rate for the three tracer vaccines—pen-
tavalent, BCG, and measles—was 58.3% + 45.1%. Additional
research identifies several challenges, including a shortage
of recording formats, limited capacity of EPI managers, poor
data visibility, and obstacles to digitalization, as significant
contributors to the poor quality of inventory data [18,19,24].
The gap in vaccine stock management and the low inventory
accuracy could lead to incorrect demand forecasting, pro-
curement, and distribution, potentially affecting many lives
and causing high vaccine wastage [25].

Health facilities are required to submit monthly consump-
tion reports and demand requests to the Woreda health of-
fice or EPSS branches [26]. A 1-year review of monthly VRF
reports revealed that 13 facilities (13.19%) failed to submit a
report for the most recent reporting month, and 44 (44.4%)
did not submit a report for the latest month. Furthermore,
only 65 (65.7%) of the facilities submitted their VRF reports
on time for the recent monthly report, and 41 (41.4%) did so
for the latest report. This inco li of

reports could lead to interruptions in vaccine supply, poten-

1cy in the ti

tially impacting the goals of vaccination programs, as shown
by multiple studies [9,11,14,15,24,27],

In low- and middle-income countries, data quality often
suffers due to incomplete logistics data elements in reports
[28]. This study found that VRFs were used inconsistently

384  wwwe-hirorg
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between urban and rural facilities. The average completeness
of eight tracer medicines across seven data clements was
88.4% in facilities using the urban VRE, compared to 87.8%
in those using the rural VRE Such inconsistencies and gaps
in report form completeness can adversely affect vaccine de-
mand forecasting and supply planning, since each data element
in the VRF is essential for informed decision-making [13].

The accuracy of both urban and rural VRF reports was
evaluated. Facilities employing the urban VRF reported an
overall accuracy of 73.4%, whereas those using the rural
VREF reported an accuracy of 69.6%. Low accuracy in VRF
reporting could compromise the efficiency of the supply
chain and result in incorrect decision-making. Additionally,
reports from the Ethiopian Ministry of Health and other
studies have identified poor data quality as a major concern
within the healthcare system [15,24,27].

Poor data quality in VLMIS can disrupt the supply chain
and ultimately impact the lives of children. This issue may
stem from the fact that all health facilitics currently rely on
manual VLMIS. Although implementing digital VLMIS
necessitates additional infrastructure and ICT materials, it
has been shown to enhance data quality and improve supply
chain efficiency, as evidenced by experiences in Tanzania
and other locations [29,30].

The vaccine supply chain, characterized by unpredictable
demand and the need for specialized cold chain systems,
must be managed by professionals with specific expertise
[11]. However, this study revealed that the vaccine supply
chains at health facilities were often managed by profession-
als lacking relevant pre-service training. EPI focal persons
also identified deficiencies in regular supportive supervision
and feedback from higher levels. The inconsistent use of
VLMIS forms, coupled with insufficient training in vaccine
management, has markedly affected the effectiveness of the
immunization program. This underscores the urgent need
for a standardized monitoring and evaluation framework for
the VIMIS [15].

In conclusion, a robust health system necessitates a well-
integrated supply chain and LMIS. Despite Ethiopia's en-
deavors to enhance its health commodities supply chain,
this study highlights significant deficiencies in the VLMIS at
public health facilities. The identified bottlenecks encompass
inconsistencies and shortages of VLMIS forms, an absence
of digitalization, substandard data quality, infrastructural
deficiencies, inadequate supportive supervision, and staff-
ing challenges. These findings emphasize the critical need to
standardize the VLMIS and improve data quality.

The study’s limitations are that the findings may not be
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generalizable to other regions due to differences in health
infrastructure and local challenges specific to each context.
Additionally, the lack of an electronic recording system for
VIMIS could lead to errors in data abstraction from physical
records, as it may be susceptible to human error.
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Abstract

The healthcare supply chain relies on real-time logistics Management Information System (LMIS). Despite Ethiopia’s adoption
of a digital LMIS in 2009, ongoing evaluation of software, infrastructure, and sustainability remains essential for improving
performance from users' and health system's perspectives. The study aimed to evaluate the performance of the facility
version of digital LMIS at public health facilities in the Amhara Region, Ethiopia. An institution-based cross-sectional study
was used. Out of 102 surveyed facilities, only 37 implemented the digital LMIS. Data was collected using interviewer-
administered questionnaires. Out of 37 facilities using digital LMIS, 28 (75.7%) were functional. The average frequency of
use across 27 sub-dashlets was 3.13 - 0.67 out of 4. End users rated the digital LMIS performance as 3.21 =043 out of 5
(64.2%). Significant differences in LMIS performance related to organizational support were found due to varying end users’
experience and internet access (P-value < .05). The digital LMIS performance from end users’ perspective was 64.2%, with
significant differences in agreement related to health system and organizational support, influenced by internet access and
users' experience,

Keywords
end users, management information system, digital LMIS, performance, health facilities

Introduction requirements, extensive piloting, deployment, continuous
support, and system sustainability.!*:!!

Automation of LMIS can significantly facilitate supply
chain activities by enabling faster data collection. transmis-
sion, aggregation, and analysis of data. In addition, it will
help reduce human error and allow end-to-end data visibility
up and down the supply chain stream.>%! ¥ Improved data
visibility empowers key stkeholders to make informed
decisions, thereby enhancing supply chain management

The supply chain system of health commeodities, including
medicines. vaccines, and health technologics, is a critical
comp of the healt system.! A well-functioning
supply chain of medicines, vaccines, contraceptives, and
other products is key for improving, maintaining, or protect-
ing the health of the needy society.? The effectiveness of the
major activities in the health supply chain management sys-
tem is dependent on the availability of real-time logistics
management information system (LMIS) across each level
of the health care system.** 'Addis Ababa University, Addis Ababa. Echiopa
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performance and ensuring berter commodity availability at
public health facilities. Tt also significantly improves coordi-
nation across different program areas by sireamlining the
flow of information, reducing errors, and ensuring timely and
accurate data sharing. Ultimately. this results in improved
patient health outcomes.'™% Countries like Namibia and
Malawi use different elecronic LMIS wols for health com-
modities management.'™” Similarly, Tanzania’s implementa-
tion of integrated clectronic LMIS (cLMIS) enhanced vaccine
availability in contrast to 11s previous paper and Excel-based
system.'

In Ethiopia. the Integrated Phamaceutical Logistics
System (IPLS) impl | for the ient of the
health commaodities supply chain in the public health system
has 3 basic logistics functions: LMIS, inventory control sys-
tem, and storage of pharmaceuticals. The purpose of LMIS.
which is primanly a paper-based system, is 1o collect,
organize, and report supply chain data to other levels in the
system in order to make informed decisions Despite
improvements in data utilization, the quality of data gener-
ated by the manual IPLS-based LMIS was very poor.'*%!

Hence, as part of the Integrated Pharmaceutical Logistics
System (IPLS) implementation process, a digital LMIS
named Health Commodities Management Information
System (HCMIS) was locally developed and implemented in
2009 by USAID/Deliver project and Ethiopian Pharmaceutical
Supply Service (EPSS). The HCMIS is designed 10 manage
health commodities, ensuring real-time data visibility, effi-
cient distribution, and effective use of products such as medi-
cines, vaccines, and medical supplies in EPSS and health
facilities. Its goal is 1© imps lability, reduce ge,
enhance service delivery, and contribute to bemer health out-
comes =% As per the Digital Health Activity report for 2021,
the facility version of HCMIS (Dagu) is deployed in more
than 1000 facilities in Ethiopia

Despite the efforts in the digitalizaton of LMIS, chal-
lenges related to software development project management,
infrastructure, interoperability, and sustainability are usually
observed in the healthcare system***" Likewise, the
HCMIS digital tool used in Ethiopia faced challenges related
10 interoperability. integration, health system support, data
quality, skill gap, and infrastructure 21232731

On top of that, automation of both the physical flow and
the flow of information, as well as the level of automation
aligning it with the physical and organizational needs of
health facilities, is trouble for Digital LMIS developers.™
The architectural domains of digital LMISshould consider
the type of data needed, the type of records and reports, the
responsible body for information recording, channels of
reporting. governance. visibility, integration, interoperabil-
ity, and level of automation. *3*

Evaluating the performance of the digital LMIS tool
architecture and its user-friendliness within the context of

study focuses on evaluating the performance of the facility-
version digital LMIS, including its interoperability. function-
ality, integration, and data quality, from the perspective of
end users, The end users’ evaluated the system using a set of
Likert scale evaluation tools. This perspective is vital for
identifying arcas for improvement and ensuring the sysiem’s
continued functionality, user-friendliness, and alignment
with the needs of healthcare providers.

Methods
Study Area

This sudy was conducted in the Amhara Regional State of
Ethiopia from March 01-31, 2022. Ethiopia, the second-most
populous country in Africa and the 12th largest in the world
is admimstratively divided into 12 regional states and two
city administrations. Amhara, the second-most populous
region in the country. is further subdivided into 12 Zones.
three city administrations, and 166 Woredas (districts). As of
2020, the toral number of functional health facilities in the
region was 5775 including: 87 public hospitals, 873 public
health centers, 3565 health posts. 6 private hospitals, and
1244 private clinics, Amhara was selected for this study
because it was the first region to implement new pharmacy
service and supply chain initiatives as well and eLMIS was
implemented in the first phase of the implemeniation.®

Study Design

The study employed an institution-based cross-sectional
study. This research is part of a larger project focused on
assessing the performance of the health commodities LMIS.
with its results mainly based on quantitative data analysis

Source and Study Population

The source population for this study was all public health
facilities in the Amhara region and all health professionals
involved in the health commodities supply chain system. The
study population was public health facilities and store man-
agers in selected health facilities. The lead of the digital
LMIS database in health facilities was considered for the
cvaluation.

Sampling Pracedure

Health centers and Hospitals m all Zonal administrations,
except those with security problems, were considered for
sampling. Accordingly. 6 zonal and two city administrations
were sclected and further stratified into 3 clusters based on
the EPSS hubs™ location. Fifteen percent of the facilities were
included in the study per the recommendation of USAID’s

healthcare system op ns is ial for the ongoing
improvement and functionality of the system.’' Hence, this

Logistics Indicators A Tool (LIAT), in which 15%
of the facilities were studied. ™ The sample size for each zone
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and district was allocated based on proportion to size.
Accordingly, a total of 102 facilities, including 5 referral
hospitals, 4 general hospitals, 10 primary hospitals, and 83
health centers, were included in the study. Finally, sample
facilities were selected using a multi-stage stratified random
sampling proportionate to the size method. All store manag-
ers managing the digital LMIS were considered for the inter-
viewer-administered questionnaire.

Inclusion and Exclusion Criteria

Inclusion Criteria

®  All Zonal Administrations

o All public health facilities that have been functional
for more than 1 vear

e All store managers with more than 6émonths of
experience

e Digital LMIS implemented in health facilities

Exclusion Criteria

e Health facilities were damaged in conflict-affected
areas or had security problems during the study.

o Digital information management tools used for other
health services

Data Collection Process

Both a data abstraction checklist and an interviewer-admin-
istered questionnaire (a Likert scale questionnaire with 2 sec-
tions conraining 27 and 34 items) were used to collect data in
health facilities (Supplemental Annexes | & 2). The data col-
lection tool was developed based on literature, the Ministry
of Health and EPSS monitoring and evaluation tools, and the
standard operating manual of the HCMIS software.

Data Quality Assurance

The data triangulation technique was used to ensure the
validity of the data. Ten experts in the area face-validated the
data collection 1ools. Data was collected by Health Supply
Chain M. MSe d who received a 2-day
training on the data collection tool. The data collection tools
were pre-tested in 3 health facilities (1 hospital and 2 health
centers). Revalidation was then conducted through a 1-day
discussion with data collectors and coordinators, and neces-
sary amendments were made to improve the clarity of the
questions. In addition, the wols were changed from a self-
administered version to an interviewer-administered version
during the data collection process to enhance the validity of
the data. Reliability and validity tests were conducted to

Operational Definitions

Health Commodity Management Information System
(HCMIS): It is an automated inventory and LMIS having 4
versions including Fanos (an online real-time supply chain
LMIS in EPSS). Vitas (open source software for warehouse,
inventory and LMIS at EPSS central and hub warchouscs).
mBrana (open source mobile software platform designed 10
manage Vaccine LMIS), and Dagu (an open source software
designed to manage health commodities’ mventory and
LMIS at health facilines).

Digital LMIS (eLMIS): The health facility version of
HCMIS. comprising Dagu 1.0 as the latest version and Dagu
2.0 as the advanced version. is tailored for health commodi-
ties inventory management and LMIS within health facili-
ties. Dagu 2.0 is connected to Vitas and Fanos and fully
interoperable with the other supply chain systems in EPSS
and facilities,

Model 19/Health: It is a serially registered official finan-
cial transaction tool used in health facilities to receive health
commoditics from supplicrs

Model 22/Health: 1t is a serially registered official finan-
cial transaction tool used in health facilities for issuing health
commodities for health facilities and different units

End Users’ Perspective: Refers to the evaluaton of the
facility-version digital LMIS system by individuals who
directly interact with and utilize the software. The evaluation
caplures users’ experiences, satisfaction, and perceived
effectiveness of the digital LMIS in various aspects of the
system, including its interoperability, functionality, integra-
tion, and data quality.

Data Analysis and Interpretation

The quantitative data were checked for completeness and
internal consistency. Then, the data were entered into Epi
Info Version 7 statistical software. Finally, the data was
exported 1o SPSS Version 23.0 for better data management
and analysis. The data was cleaned by sorting the variables
and cross-checking the hard copies for any missing data.
The descriptive analysis was summarized using tables and
graphs. Bivariate analysis was conducted to assess the per-
formance of the Digital LMIS in relation to health system
support, organizational support, and the technical skills of
end users, The P-value <05 shows a statistically signifi-
cant association.

Ethical Consideration

The proposal was reviewed and approved by the Institutional
Review Committee of the school and the Institutional Review
Board of the college. The purpose of the study was clearly

check the internal ¢ y of the q . The

explained w© all p p and verbal mformed consent

q

study has adhered to the STROBE guideline provided by the
EQUATOR Network."
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verbal agreement was audio-recorded with the participant’s
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Figure 1. Infraswructural access in eLMIS implemented public health facilities of Amhara Region, Ethiopia; March 2022 (N=37).

pernussion. No individual wdentifiers were inchuded in the
data collection 1o protect the privacy of the participants, and
the data was analyzed in aggregate.

Results

General Information

Out of 102 public health facilities included in the study, only
37 health facilities implemented the digital LMIS. Except for
4 facilities, 33 (89.2%) of them are located in urban arcas. Of
the facilities that implemented eLMIS, the majority, 22
(59.5%). were Health centers and the rest were Primary
Hospitals, General Hospitals, and Refemal Hospitals, with a
frequency of 9(24.3%), 2(2.0%), and 4(3.9%), respectively.
Of these, 16 (43.2%) installed Dagu 1.0, and the rest 21
(56.8%) installed Dagu 2.0. Partners (USAID. JSL and
GHSC-PSM) installed the digital LMIS in 23 (82.1%) of the
health facilities, 5 (17.9%) installed with government offices
support and the rest 8 (21.6%) installed with joint support.
Only 25 (67.6%) health facilities had dedicated computers
for eLMIS (Mean=2.4 = 2.77), The digital LMIS is installed
in all leading health facilities stores, whereas 2 facilities
were installed at the offices of the supply chain case team
leader and pharmacy head. Only | facility is installed at the
dispensary and ART pharmacy: however, none are installed
at the office of the facility's chief executive officer or medi-
cal dircctor (CEQ/MD). Concerning infrastructural support
for digital LMIS, 29 (78.4%), 25 (67.6%). 22 (59.5%), 21
(56.8%), and (15 (40.5%) had access 1o electric power, com-
puter, internet, generator backup, and data backup system.
respectively (Figure 1),

At the time of the visit, the eLMIS was functional ar 28
(75.7%) health facilities. Report and Requisition Form
(RRF) is intcgrated with cLMIS in 27 (73%) health facilitics.
whereas Model 19/Health (Model19/H) and Model 22/

Health (Model 22/H) transaction tools are integrated with
eLMIS in 18 (48.6%) health facilities (Figure 2).

Sociodemographic Characteristics of Particpants

Among the 37 health facilities that implemented eLMIS,
only 27 cligible storc managers were available and inter-
viewed using an interviewer-ad | questionnaire
Two-thirds of the participants were male, and all of them
were pharmacy professionals (Table 1).

Utilization Status of Dagu Dashlets

The facility version of HCMIS (Dagu) has 4 main databasc
features (Dashlet) for health commodities information man-
agement systems. These are activity log (have S sub-Dash-
lets). transaction (2 sub-Dashlets). reports (15 sub-Dahslets),
and summary reports (have 5 sub-Dashlets; Figure 3).

A 27-item tool utilizing a 4-level Likert scale, with a
Cronbach’s Alpha value of .94 for internal consistency, was
employed to assess end users’ frequency of use of different
Dashlets in the Dagu dashboard. Accordingly, the overall
average mean rating for 27 items was 3.13x0.67
(Supplemental Annex ). The overall mean rating on the fre-
quency of use of the activity log Dashlet was 3.43 +0.49,
“Receive” and “Issue” dashlets were the most frequently
used features among the acaivity log Dashlets, with a mean
value 0f 3.93 = 0.27 and 3.96 = 0.19, respectively. The store
managers claimed that the “Stock Transfer” sub-Dashlet was
the least frequently used feature from the actvity log Dashlet
(mean, 2.78 = 1.09; Figure 4)

The mean frequency of use of the 2 transaction Dashlets,
model 19/H and model 22/H, was 3.08=1.35 and
3.04 = 1.40, respectively. The overall mean rating on the fre-
quency of use of seport Dashlet was 3.00 + 0.78. The most
frequently used report sub-dashlet was electronic bin card
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®Yes ENo

IFRR Integeration  RRF Integeration Model 19/H Model 22/H  eLMIS Functionality

with eLMIS with eLMIS Integeration with  Integeration with at Visit
eLMIS eLMIS

Figure 2. Functionality and integration of eLMIS with transaction and reporting tools in public health facilities of Amhara Region,
Ethiopia: March 2022 (N=37).

Table 1. Sociodemographic and eLMIS Information of Participants in Public Health Facilities of Amhara Region, Ethiopia; March 2022.

Variable N=27 Description Frequency Percentage
Gender Male 18 667
Female 9 333
Age 20-30years 19 704
31-40years 8 296
Profession Pharmacy 27 100
Qualification Diploma 9 333
BPharm 18 66.7
Experience =Syears ) 407
6-10yaars 1 407
=l lyears 5 185
Location of health facility Urban 26 963
Rural I 37
Level of health facility Health Center 14 519
Primary Hospital 8 296
General Hospital 3 (IN}
Referral Hospital 2 74
Zone Central Gondar 9 333
East Gojjam 5 185
North Shewa 6 222
‘Wast Gojjam 7 259
Version of Dagu Dagu 1.0 10 37
Dagu2.0 17 63
Phase of implementation Pre-HCMIS I 37
Intensive 2 74
Mature 24 889

127



6 INQUIRY
=
Ty swemae (Z)USAID|DELIVER PROJECT
SR st | OVEF Stock Items
S - A —
B Gt oy i . g+
= -
,"” \awrtory T b 20 - ot - -
n
/ gt hoden 2 RN
3 - v
. 1 = =
ol w- ‘ Ay
3 !ll_ . ™~
1 inmrsaron ] ==
= o - e
¥ iomugiaes a s —
o - - =
» WEm LW
Ry K LR S
e @ - @ o w o
o o e
[ 8. da W
\.—,.- } - Suml a
e o 4 = e W m
- - a Be 3

2L o, 396

“plssue

Inventory Loss/Adjustrment

Figure 4. End users’ rating on the frequency of use of Activity
Log Dashlet of Digital LMIS in public heaith facilities of Amhara
Region, Ethiopia; March 2022

(mean=3.63 = 0.88), and the lowest frequently used sub-
dashlet was HPMMR (mcan=2.04 * 1.43; Figurc 5).

The overall mean rating on the frequency of use of e
Summary Report Dashlet was 3.25+0.96. The most fre-
quently used summary report sub-dashlet was stock expiry

different data clements in the dashboard, including an alarm
for expired items. a database synchronization featwe [ Dagu
1.0), an Add & Delete feane for items, Unit of items, Model
number, and Price markup.

End Users’ Perspective on the Performance of
Dagu

End users who directly interact with and uiilize the software
evaluated the facility-version digital LMIS across various
aspects of the system. The evaluation captures users” experi-
ences, satisfaction. and perceived effectiveness of the digital
LMIS by ¢ ing different d of the software’s
performance.

A 34-item tool utilizing a S-level Likert scale, with a
Cronbach’s Alpha value of .82 for internal consistency, was
employed to assess end users’ perspectives on the perfor-
mance of Dagu. Among the 34 items, the highes1 mean score
was obtained for the statement “The Dagu benefits/improve
the facility LMIS performance" with a mean value of
4.60 = 0.50. In conwrast, the lowest mean value was obtained
for “The database is linked with higher levels with real-time
end-tw-end dara visibility,” with a score of 1.74+0.98

summary (mean=3.41+0.97), and the lowest frequently
used sub-dashlet was cost summary (mean=3.07 % 1.14;
Figure 6).

In addition to rating the frequency of use for the digital
LMIS Dashlets. respondents suggested the addition of

(Suppl | Annex 2). The overall mean average score of
the end user’s rating for the performance of the digital LMIS
was 3.21 = 0.43, End users had a better agreement for digital
LMIS performance metrics related 1o organizational support
and the lowest agreement for items related to technical skills,

128



Mekonen et al

Stock status report .
Electronic bin card 4 304 Puarstocked ems
3.63’,_.. report
. $ Teccil, . 344 "
Price only report : 0 Stock out items report
259 § A
é
AMC report o * 3.37Near expiry report
28 o [
¢ ’ :
Consumption trend by 59 Q o b3 Expired products
dispensary unit report ’ i vE ot 37 report
e H
282 ™, i
Consumption trend -.. F HPMRR
2. i 282
Cost report 2.85 ?37 IFRR
Loss /adjustment RRF
report

Ethiopia: March 2022,

Stack status summany
i6

Cost summary Receive summary

326

33

Stock expiry summany 31 Issue summary

Figure 6. End users’ rating on the frequency of use of Summery
report Dashlet of Digital LMIS in public health facilities of Amhara
Region, Ethiopia; March 2022,

with an average mean score of 3.42=0.5 and 2.53 =0.96,
respectively (Figure 7).

Bivariate and Multivariate Analysis

There is asignificant mean difference in the frequency of use
of transaction dashlets in Dagu 2.0 (Mean=3.63) and Dagu
1.0 (Mean=1.93) at a P-value of .02. In addition, there is a
significant difference in the frequency of use of nansaction
dashlets in geographical locations. The mean frequency of
usc of transaciion dashlets in North Shewa Zone (mean=4.0)
was significantly higher than n West Gojjam (Mean=1,67)
at a P-value of .009.

129

Figure 5. End users’ rating on the frequency of use of report Dashlet of Digital LMIS in public health facilities of Amhara Region,

There is a significant mean difference in the end users®
agreement on the performance of the digital LMIS in terms
of health system support in different versions. There isalso a
significant mean difference in the end users' agreement on
the performance of the digital LMIS in terms of organiza-
tional support due to differences in end users’ experience and
internet access. The end users claimed that the performance
of technical skills was significantly beuer m facilities with
interner access (Table 2).

Discussion

This survey has attempted to evaluate the digital LMIS
performance from the end user's perspective. The study
was conducted during the transition period of the digital
LMIS from Dagu 1.0 to Dagu 2.0. However, the digital
LMIS was functional at three-fourths of the facilities
installed. This is duc to the infrastructural challenges
(computer, internet, power backup) and the partner-depen-
dent governance and technical support system of the data-
base. This is well reflected by the end users and different
studies conducted in Ethiopia***** Due 1o challenges
with electricity infrastructure, the number of facilities
implementing el MIS in rural areas is limited. Most health
facilities implementing the digital LMIS nceded 10 inte-
grate the transaction Dashlets. A notable number of facili-
ties also needed to integrate a critical reporting Dashlet
used for periodic supply and re-supply of items. On top of
the overload it ereates due to manual recording might lead
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Figure 7. End users’ perspective on the performance of Digital LMIS in public health faciliies of Amhara Region, Ethiopia; March 2022,

Table 2. Bivariate and Multivariate Analysis Variables on the Performance of Digital LMIS in Public Health Facilites of Amhara Region,

Ethiopia; March 2022.

Item group Variable Mean Comparison group P-value
Health system support Dagu version 250 Dagu 1.0 039
328 Dagu 20
Organizational support Intarnet access 3.58 Yes 01
307 No
Technical skill Intemet access 278 Yes 021
203 No
Organizational support Experence 327 6-10years 995
(=5years) =1 years 012
Experience 329 =Syears 995
(6-10years) =|lyears 014
Experience 4.00 =5years 012
(=11years) 6-10years 014

to poor data quality due to loosening integration of all
logistics records in the system ¢

The ¢ mean p ge frequency of use of dash-
lets in the Dagu dashboard was 78.3%. The reporr Dashlet
has the lowest mean frequency of use. The mean frequency
of use obtained from the Health Post Monthly Requisition
and Report (HPMRR). a reporting and re-supply system
between the health center and health post, was 2.04 £1.43,
The findings indicated infrequent use of critical Dashlets for
routine logistics management information systems. A study™
in Addis Ababa Health facilities also indicated inconsistent
use of the digital LMIS Dashlets. This might be due to mul-
tifaceted factors related to infrastructure, the skill of end
users, location, and versions of the Dagu, as shown in differ-
ent studies.? &

The end users highly agreed on the benefit of the digital
LMIS in improving supply chain performance. However,
their agreement on integrating the digital LMIS across the
healthcare system and its end-t10-end data visibility could

have been much higher. This aligns with the Federal Ministry
of Health (FMOH) report, which boldly noted the integration
and interoperability of digital 100ls as a primary challenge
for the healthcare system?” This could pose practical chal-
lenges related to data integration, duplication of efforts, and
data quality issues, which ultimately affect health system
decision-making. Even though FMOH developed a national
e-health architecture in its information revolution roadmap,
which aimed to transform the integration, interoperability.
and standardization of digitalization in the healthcare sys-
tem,* it is not yet fully impl 1 due to multifacered fac-
tors2” The information revolution and digitalization are
some of the gic initiatives d in the health scctor
transformation plan II of the country.* and there are efforts
by the Digital Health Activity to streamline digital health
across the healthcare system 2

End users had a better agreement for digital LMIS perfor-
mance metrics related to organizational support and the low-
est agreement for items related to technical skills. This aligns
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with a recent technology acceptance model study of HCMIS
in which the technology-task fit model showed skill gaps
among end users.’ This indicates the need for continuous
capacity-building training and supportive supervision. There
is a significant mean difference in the performance of digital
LMIS across facilities due 10 internet access and the imple-
mentation of the Dagu version. Itis crystal clear that internet
access is a critical factor for data synchronization across the
supply chain system. especially for Dagu version 2.0.2427
Overall, the performance of the digital LMIS 1n health facili-
ties in the Amhara region requires improvement. Challenges
related to infrastructure, skills, governance, integration. and
interoperability need 10 be addressed through system revital-
ization and continuous enhancement The low number of
facilities using the eLMIS, compared 1o the total sample,
may affect the inferential analysis and could be considered a
limitation of this study,

Conclusion and Recommendation

The overall performance of the digital LMIS in terms of the
frequency of use of dashlets was 78.3%. The highest mean
score was obtained from the activity log Dashlet, and the
lovrest was from the reports Dashlet. There s a significant
mean difference in the utilization status of transaction
Dashlet in the different versions of Dagu and the facility’s
location. The overall mean average score of end users’
agreement on the performance of the digital LMIS was
64.2%. The highest mean agreement score was obtained for
organization support. and the lowest was for technical
skills. In the end, there 1s a significant mean difference 1n
users’ agreement on the performance of the digital LMIS in
terms of health system support in different versions and in
terms of organizational support concerning intemet access
and end users’ experience. The study’s findings indicated
the need to revitalize the digital LMIS performance,
develop end users® technical skills. and scale up the system
10 Dagu version 2.0,
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Abstract

Introduction: Access to essential medicines and health commodities remains a
significant challenge in many low- and middle-income countries, including Ethiopia, due
to 1efficiencies in health supply chamns. The Logistics Management Information System
(LMIS) is crucial for improving the availability of these commodities by enhancing data
collection, reporting, and decision-making. However. issues such as poor
interoperability, limited infrastructure, and dependence on manual tools continue to

hinder LMIS performance.

Objective: This study aims to assess the features and requirements of LMIS tools based
on insights from health supply chain experts in public health facilities in the Amhara

Region, to guide future improvements in system design.

Methods: This study was conducted in the Amhara Region of Ethiopia in Maich 2022
using a quantitative cross-sectional design. A total of 102 public health facilities were
selected through multistage stratified random sampling. Participants included pharmacy
heads, supply chain coordinators and officers, outpatient pharmacy coordinators, and
store managers with at least six months of experience. Data were collected using a

validated, interviewer-administered questionnaire covering LMIS implementation,
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performance. usage. and tool convenience. Data were analyzed using SPSS Version 23

after entry into Epi Info.

Results: Of the 150 health supply chain professionals surveyed in the Amhara region,
nearly all participants were involved in Logistics Management Information System
(LMIS) activities, particularly in recording forms like RRF, IFRR, and Bin Cards.
Experts generally viewed LMIS as user-friendly and useful for stock analysis, but
identified significant challenges, including weak digitalization, limited interoperability,
and inadequate infrastructure. The performance of LMIS tools was rated moderately,
with low scores for system-wide integration and support. While essential LMIS data
items were considered highly important, their actual usage, particularly for advanced
metrics, was inconsistent. Among manual tools, Model 22/H and 19/H were considered
the most convenient, while Stock Cards were found to be time-consuming and less user-

friendly.

Conclusion and Recommendation: The study evaluates the effectiveness of LMIS tools
in public health facilities, highlighting strengths in user-friendliness and stock analysis
but identifying significant challenges in data backup, digitalization, and system
integration. While certain initiatives like IPLS, APTS, and Dagu-2 received positive
feedback, issnes with manual and digital tools' efficiency and interoperability were
noted. Despite recognition of the importance of LMIS data, the use of advanced metrics
remained low. The findings underscore the need for improvements in infrastructure,

training, and system integration to enhance LMIS effectiveness.

Key Words: Supply chain experts, Insights, Features, Requirements, LMIS tools,

Performance, Health Facilities

1. Introduction

Access to essential medicines and health commodities is a fundamental nght (Hogerzeil,
2006; Perehudoff, 2020). Despite ongoing efforts, disparities in access to these vital health
commodities hinder health outcomes, especially m low- and middle-imcome countries
(Stevens and Huys, 2017a; Ozawa et al., 2019). The efficiency of health systems greatly
relies on the ability to deliver health commodities such as medicines, vaccines, and medical

supplies (WHO, 2010; Manyazewal, 2017). An effective and efficient health supply chain

o
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system is essential for ensuring that these health commodities are available at the right places
and at the right times to the appropriate persons (Getele, Li and Arrive, 2020, Rowan and
Laffey, 2020; Lugada et al.. 2022).

In many developing countries, mcluding Ethiopia, the health supply chains system face
entrenched challenges to ensure the uninterrupted availability of essential health commodities
(Yadav and Yadav, 2015; Stevens and Huys, 2017b: Ozawa er al.. 2019). The major
challenges are related with capacity, health system, workforce and budget which often lead to
stockouts, wastage of resources, and inefficient service delivery (PATH, 2010: Yadav, 2017).
To address these gaps, the Government of Ethiopia initiated the Integrated Pharmaceutical
Logistics System (IPLS) in 2009, aiming to create a unified system for managing all public
health commodities (PFSA, 2017).

The vital component of health supply chain management is the Logistics Management
Information System (LMIS), which facilitates real-time monitoring and management of
health commeodities through recording, data collection, analysis, and reporting for informed
decision-making (Khlie and Abouabdellah, 2016; Global Fund and GAVI, 2019). The
successful implementation of a robust LMIS is essential for enhancing inventory
management, demand forecasting, and maintaining effective communication across various
stakeholders within the health supply chain (USAID Deliver. 2011; Bekele and Anbessa,
2021).

Despite the strides made through initiatives to improve the national health supply chain
systema and LMIS. the implementation and performance of LMIS in Ethiopia. remain
precarious. Challenges such as data integrity 1ssues, inadequate infrastructure, insufficient
user training, and a lack of interoperability among different health information systems
continue to impede effective LMIS performance (Desale er al., 2013; Taddesse, 2015a;
FMOH, 2024).

This 18 compounded by the dynamic and often complex nature of health supply chains as
countries expand their health programs and introduce new technologies, necessitating
mnovative and user-friendly LMIS tools to support timely data collection and reporting
(PATH, 2010; Garcia-Alcaraz et al.. 2017).

Despite ongoing efforts to digitize the LMIS in Ethiopia, most health facilities continue to
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rely on various manual LMIS tools that lack cross integration and interoperability, often
resulting in redundant data items in different tools serving the same purpose (Dowling, 2017,
EPSA, 2019; USAID, 2019; FMOH, 2020b). Assessing the specific features and
requirements of LMIS tools from the perspective of health supply chain experts is essential
for guiding future mterventions and improving system design. Therefore, this study aims to
evaluate the features and requirements of LMIS tools based on msights from supply chain

professionals in public health facilities across the Amhara Region.

2. Methods
2.1.Study Area

This study was conducted in the Amhara Regional State of Ethiopia from March 01-31, 2022,
the country's second-most populous region. The region is administratively classified into 12
Zones, three city administrations, and 166 Woredas (districts). Four EPSS hubs supply health

commodities for public health facilities in the region.
2.2.8tudy design

An institution-based concurrent mixed study design employed a combination of quantitative
and qualitative approaches used for the data collection. This study is part of the main project
focusing on performance evaluation of health commodities LMIS and findings are based only

on the quantitative data.
2.3.8ource and Study Population

The source population for this study consisted of all public health facilities in the Ambhara
Region and all health professionals involved in the health commodities supply chain system.
The study population specifically included selected public health facilities and key personnel
directly engaged in supply chain management, namely Pharmacy Heads, Supply Chain
Management (SCM) Coordinators, SCM Officers, Outpatient (OPD) Pharmacy Coordinators,

and Store Managers.
2.4.Sampling Procedure

Health centers and Hospitals in all Zonal administrations, except those with security

problems, were considered for sampling. Accordingly, six zonal and two city administrations
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were selected and further stratified into three clusters based on the EPSS hubs' location.
Fifteen percent of the facilities were included in the study per the recommendation of
USAID's Logistics Indicators Assessment Tool (LIAT) (USIAD Deliver Project. 2008). The
sample size for each zone and district was allocated based on proportion to size. Accordingly,
a total of 102 health facilities were included in the study, comprising five referral hospitals,
four general hospitals, ten primary hospitals, and 83 health centers. The sample facilities were
selected using a multi-stage stratified random sampling method, proportionate to size.
Subsequently. all available pharmacy heads. supply chain coordinators. supply chain officers,
outpatient pharmacy coordinators, and store managers in the selected facilities participated in

the interviewer-administered questionnaire.

2.5 Inclusion and Exclusion Criteria
Inclusion Criteria
s All Zonal Administrations
o  All public health facilities that have been functional for more than one year
e All pharmacy heads, supply chain coordinators, supply chain officers,
outpatient pharmacy coordinators, and store managers with more than six
months of experience
Exclusion Criteria
e Health facilities were damaged in conflict-affected areas or had security
problems during the study.
¢ Digital information management tools used for other health services
* Health Posts

2.6.Data collection process

Data were collected using an interviewer-administered questionnaire consisting of seven
sections: (1) socio-demographic characteristics of respondents, (2) level of participation in
LMIS implementation for health commodities, (3) level of agreement on LMIS performance
mdicators, (4) rating of overall LMIS performance, (5) frequency of use and level of
agreement on data items included in LMIS tools, (6) level of convenience of manual LMIS

tools, and (7) level of convenience of digital LMIS tools.
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2.7.Data quality assurance

Ten experts in the area validated data collection tools, and training was provided for data
collectors for two days. The data collection tools underwent a pre-testing phase. during which
necessary modifications were made. Reliability and validity tests were performed to assess
the internal consistency of the questionnaire. The various sections contained 23 items, 15
items, 208 items, 48 items, and 60 items, yielding Cronbach’s alpha values of 0.755, 0.861,
0.95, 0.987, and 0,963, respectively. All of these values demonstrate acceptable scores for the

mternal consistency of the items.
2.8. Operational Definirions

Bin Card: A bin card is a record-keeping tool used for mventory management and stock

control of individual items in a store

Stock Card: A stock card is a record-keeping tool similar to a bin card, but it includes

additional data elements such as price, which are used for inventory management i a store.

RRF (Report and Requisition Form): This LMIS tool allows health centers and hospitals to

report consumption and request resupply of health commodities

IFRR (Internal Facility Reporting and Requisition Form): This tool facilitates the
requisition and redistribution of health commodities within health facilities used by health

centers and hospitals.

Model 19/Health: It is a serially registered official financial transaction tool used i health

facilities to receive health commodities from suppliers

Model 22/Health: It is a serially registered official financial transaction tool used in health

facilities for issuing health commodities for health facilities and different units
2.9.Data Analysis and Interpretation

The quantitative data were checked for completeness and internal consistency. Then, the data
were entered into Epi Info Version 7 statistical software. Finally, the data was exported to

SPSS Version 23.0 for better data management and analysis.
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2.10. Ethical Consideration

The proposal was reviewed and approved by the Institutional Review Committee of the
school and the Institutional Review Board of the college. The purpose of the study was
clearly explained to all participants, and verbal informed consent was obtained after they
comprehended the information. No individual identifiers were included in the data collection

to protect the privacy of the participants, and the data was analysed in aggregate.

3. Results

3.1. Sociodemographic Characteristics of Participants

The swrvey of 150 healthcare professionals revealed a predominantly young and male
workforce, with 74.7% under 30 years of age and 68.7% male. Most respondents were
pharmacy professionals (99.3%), primarily working in health centers (68.7%) and wban areas
(56%). The majority held diplomas (73.3%). with only a small percentage possessing
bachelor's (25.3%) or master's degrees (1.3%). The majority of the participants were
pharmacy heads (44.7%) and store managers (41.3%). A considerable number of participants
indicated having less than five years of experience in healthcare supply chain management
(70%), while 53.3% of the respondents reported an overall professional work experience of
less than five years (Table 1).

Table 1: Sociodemographic Characteristics of Health Supply Chain Professionals in Public

Health Facilities in the Amhara Region, March 2022

Zone Central Gondar 34 227
East Gojjam 38 253
North Shewa 34 227
West Gojjam . 29.3
Total 150 100

Level Health Center 103 68.7
Primary Hospital 26 17.3
General Hospital 4 27
Referral Hospital 17 11.3
Total 150 100

Location Urban 84 56
Rural 66 EE]
Total 150 100

Sex Male 103 68.7

5 §
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Female 47 31.3
Total 150 100
Age <30 Years 112 74.7
>30 Years 38 253
Total 150 100
Profession Pharmacy 149 99.3
Nurse 1 0.7
Total 150 100
Working Department Leadership/Coordination 67 44.7
OPD Phammacy 5 33
SCM Case Team 16 10.7
Store 62 413
Total 150 100
Highest Qualification Diploma 110 733
Bachelor 38 253
Masters 2 13
Total 150 100
Curvent Position Pharmacy Head 67 447
SCM Coordinator 6 4.0
SCM Officer 10 6.7
OPD Pharmacy Coordinator 5 33
Store Manager 62 41.3
Total 150 100
Experience at the cmirent <1 Years 63 42.0
position 1-2 Years 22 147
2-3 Years 23 153
3-4 Years 21 14.0
4-5 Years 7 4.7
>5 Years 14 9.3
Total 150 100
Experience on HSCM <5 Years 105 70.0
(5-10] Years 40 26.7
>10 Years 5 33
Total 150 100
Total Work Experience <5 Years 80 533
(5-10] Years 51 34.0
> 10 Years 19 12.7
Total 150 100

3.2. Experts’ Experience with LMIS Implementation

Of those 150 experts, 148 (98.7%) of them had experiences related with LMIS activities. The
findings indicate that health supply chain professionals largely involved on essential activities
such as report preparation 140 (94.6%), stock recording 132 (89.2%), in-service/on job LMIS

8
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training provision 44(29.7%) and LMIS formats development 8(5.4%). Supply chain experts
are highly engaged in Logistics Management Information System (LMIS) recording
activities. The majonty are involved in the recording activities of RRF. IFRR. Bin Card,
HPMRR, and Model 19&22/H, as claimed by 145 (98.0%), 144 (97.3%), 143 (96.6%), 106
(71.6%), and 94 (63.5%) of the participants, respectively. However, engagement of supply
chamn experts in the recording of Stock Cards, HCMIS/Dagu, SCM M&E, and DHIS-2 was

minimal (Figure 1 ).

Others, Specify l 3
puis-2 [ 26
NaVs¥r3ll = PO
Hows (Dagn) [ +:
stock Card | <>
Model 1962271 [ NN -
nevirr [, (0
pincud |

Figure 1: Health supply chain professionals’ participation in LMIS recordings in public
health facilities in the Amhara region, March 2022 (N=150)

Health supply chamn professionals have reported participation in LMIS related capacity-
building training programs, including pre-service, on-the-job in-service, and off-the-job in-
service tramimgs. The most frequently attended tramings were IPLS, ART, and APTS
claimed with 104 (69.3%), 60 (40%), and 44 (29.3%) participants, respectively (Figure 2).
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Figure 2: Participation of Health Supply Chain Professionals in TMIS related trainings in
Public Health Facilities of Amhara Region, March 2022 (N=150)

H

3.3. Insights from Health SCM Experts on LMIS Implementation

The five-level Likert scale interviewer-administered 23-item tool used to assess the insights
of health supply chain experts on LMIS implementation revealed mixed perspectives on
various aspects of the system. A significant majonty of experts indicated the user-friendhiness
of the LMIS, its appropriateness for stock analysis, and high staff commitment, with mean
scores of 3.87. 3.8, and 3.77. respectively. However, challenges were highlighted, particularly
concerning the LMIS data backup system, the need for improved digitalization, and efficient
end-to-end data visibility, as evidenced by lower mean scores of 2.6, 2.37, and 2.01 for these
items, respectively. While a lack of formats was not seen as a major issue, integration and
interoperability with other health information systemns were perceived as inadequate, scoring
mean values of 3.09 and 2.93, respectively, both below the average threshold. Overall, while
respondents acknowledged certain strengths in the LMIS, they also identified critical areas
for enhancement, such as professional training on LMIS (2.35+1.13) and regular feedback
from higher levels of the healthcare system (2.35+1.16) (Figure 3. Annex 1)
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Figure 3: Insights of Health Supply Chain Professionals on LMIS implementation in Health
Facilities of Amhara Region, March 2022 (N=150)

3.4. LMIS Performance rating by HSCM Experts

The five-level Likert scale interviewer-administered 15-item tool used to rate the
performance of LMIS by health supply chain experts revealed generally mixed perceptions
among respondents. While facility-specific supply chain performance was rated slightly
better (3.04 + 0.86) than the overall public health supply chain system performance (2.89 +
0.92), the LMIS performance received a lower rating of 2.78 + 0.94 i the public system,
indicating concerns about data quality and digitalization. However, there were positive
perceptions of initiatives such as IPLS (3.36 = 0.79), APTS (3.42 + 1.88), and Dagu-2 (3.43 =
1.86), reflecting perceived improvements in LMIS performance. Staff commitment was rated
positively at 3.41 = 0.88, but management support (2.97 = 0.96) and supportive supervision
(2.38 + 0.99) were seen as areas needing significant improvement. Additionally, concerns
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about the integration (2.83 + 0.95) and interoperability of LMIS (2.43 + 1.06) with other
health information systems were highlighted, alongside inadequacies in infrastructure for
LMIS activities (2.40 + 1.00), indicating critical areas that require attention for overall
enhancement (Table 2).

Table 2: Ratings of LMIS Performance by Health Supply Chain Professionals in Health
Facilities of Amhara Region, March 2022 (N=150)

S | Items related with LMIS Performance (N=150) Very Poor Good Very Excellent Mean
N poor Good 5D
1 | How do you rate the overall health commodities supply | 5(3.3) 48(32) | 64(42.7) | 24(16) | 9(6)

chain performance (hini; data quality, availability,

wastage rate, inventory accuracy, forecasting accuracy)

in the public health system in general? 2.8940.92
2 | How do you rate the overall health commedities supply | 4(2.7) 34(22.7) | 70(46.7) | 36(24) | 6(4) 3.0440.86

chain performance in your facility?
3 | How do you rate the overall Health conmodities’ LMIS | 9(6) 52(34.7) | 59(39.3) | 23(15.3) | 7(4.D) 2.78+0.94

performance (hint; data quality, veporting, availability of

LMIS formats, digitalization, etc) in the public health

system?
4 | How do you rate the overall Health conmedities’ LMIS | 5(3.3) 34(22.7) | T1(47.3) | 34(22.7) | 6(4)

performance i your facility? 3.01+0.87
5 | How do you rate the level of IPLS implementation? 3(2) 9(6) 80(53.3) | 47(31.3) | 11(7.3)

3.36+0.79

6 | How do you rate the mnprovement of LMIS performance | 2(1.3) 12(8) 78(52) 48(32) 10(6.7)

due to TPLS initiation? 3.3540.78
7 | How do you rate the improvement of LMIS performance | 1(0.7) 7(4.7) 6(4) 10(6.7) |0

due to Quick-Win mitiative? (for Hospitals only) 3.04+1.51
8 | How do you rate the improvement of LMIS performance | 3(2) 5(3.3) 21(14) 15(10) 9(6)

due to APTS initiative? 3.4241.88
9 | How do you rate the improvement of LMIS performance | 6(4) 3(2) 22(14.7) | 25(16.7) | 9(6)

due to Dagu-2 (HCMIS) implementation? 3.43+1 86
10 | How do you rate the staff commitment for LMIS | 0 24(16) 57(38) 53(35.3) | 16(10.7)

activities 3.4140.88
11 | How do you rate the level of management support for | 7(4.7) 42(28) | 56(37.3) | 38(25.3) | 7(4.7)

LMIS activities 2.974+0.96
12 | How do you rate the level of supportive supervision from | 28(18.7) | 62(41.3) | 37(24.7) | 21(14) [ 2(1.3)

higher levels? (WoHo, ZHD, RHB. EPSA, FMOH) 2.38+0.99
13 | How do your rate the different IMIS mtcgration with | 8(5.3) 51(34) 56(37.3) | 28(18.7) | 7(4.7)

each other 2.83+0.95
14 | How do you rate the LMIS interoperability (data sharing) | 17(11.3) | 63(42) | 42(28) | 16(10.7) | 1(0.7)

with other health information systems (eg. DHIS-2,

Dagu, SCM M&E. ) 2.43+1.06
15 | How is the infrastructure (Internet, Power, computer, 27(18) 58(38.7) | 50(33.3) | 8(5.3) 4.7

stationary, transport....) to perform LMIS activities? 2.40+1.0
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3.5. LMIS Data Items: Frequency of Use and Importance

In the analysis, a four-level Likert scale for frequency of use and a five-level Likert scale for
level of importance were employed to evaluate the six basic LMIS forns that are routinely
used for stock keeping records, stock transaction, consumption reporting, and re-supply
ordering. These forms include Bincard, Stockcard, RRF, IFRR, Model 19/H, and Model
22/H.

In the bin card, key data elements such as facility name, product name, strength, dosage form,
and unit of issue were recorded consistently, with over 90% of professionals indicating a high
level of ntilization, rating them as “frequently™ or “always.” However, advanced metrics such
as average monthly consumption (AMC) and emergency order points (EOP) had lower
frequency of use, with mean scores of 2.52 and 3 29, respectively, despite high agreement on
their importance. Overall, most data items received a strong level of agreement on their

importance, with mean agreement scores above 4.6 (Annex 2).

In the context of stock cards. basic data items such as "Dosage Form.," "Expiry Date"
"Product Name," and "Strength"” exhibit relatively high frequency of use, with mean scores of
2.54+1.45, 2.54+1.46, 2.53+1.46, and 2.53+1.46, respectively. These items also have high
levels of agreement regarding their importance, with mean scores ranging between 4.35 and
4.4. Conversely, inventory management metrics like maximum stock level (MSL) (2.0+1.17),
emergency order point (EOP) (2.09+1.24), and average monthly consumption (AMC)
(2.0+1.24) show lower utilization rates. Overall, while most data items are acknowledged for
their significance with mean values between 4.1 and 4.4, their actual ntilization levels are

relatively low (Annex 3).

This may result from overlapping data items across bin cards and stock cards, potentially
leading to redundant efforts among professionals, as all data items, except for the three

mentioned, are similar (Figure 4)
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Figure 4: Comparison of Data Item Usage Frequencies for Bin Card and Stock Card by
Health Supply Chain Professionals in Public Health Facilities of the Amhara Region, March
2022 (N=150)

The most consistently recorded data items in IFRR include Jtem Name (3.98=0.18),
Beginning Balance (3.97+0.20), Quantity Received (3.97=0.21), and Ending Balance
(3.97£0.21). However, Remarks (3.68+0.73) and Maxinuon Stock Level (3.72+0.74) were
recorded less consistently, suggesting areas for improvement in documentation practices. The
perceived mmportance of data items in RRF 1s consistently high, with mean scores ranging
from 3.97 to 4.84 on a five-level scale. Irem Name, Beginning Balance, Quantity Received,
Ending Balance, and Calculated Consumption were among the most frequently recorded and
highly rated in importance (>4.83). Despite their lower recording frequency, items such as
Remarks (4.74+0.52) and Maximum Stock Level (4.75+0.53) were still considered highly

important, indicating a gap between perceived importance and actual usage (Annex 4).

The most essential data items in the RRF are frequently used in logistics recording, with

mean scores ranging from 3.37 to 4.00 on a four-level scale. The most consistently recorded
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items include Beginning Balance (3.99+0.08), Quantity Received (3.99+0.08), and Ending
Balance in Store (4.00=0.12. However, Products with Less than Six Months Shelf Life had the
lowest recording frequency (3.37=1.05. Despite some variations in frequency of use, all data

items were highly rated in importance, with mean scores between 4.69 and 4.86 (Annex 5).

The data items in Model 22/H are frequently used, with mean scores ranging from 3.1 to 3.99
on a four-level scale. Key items such as Date (3.99+1), Receiver Name (3.98+0.14). Quantity
Issued (3.98+0.14), and Unir Cosr (3.98+0,14) are among the most consistently recorded.
However, items like Drug Code (3.1+1.25). Retail Unit (3.33+1.21), and Total Selling Price
(3.38+1.15) showed lower recording frequency, indicating potential gaps in financial and
refail tracking. Despite this vanation in usage, all data items were highly rated in importance,

with mean scores between 4.6 and 4 94 ( Annex 6).

The findings on Model 19/H indicate that most essential data items are frequently used in
logistics recordings, with mean scores ranging from 3.17 to 3.97. Items such as Receiver
Name (3.9620.2), Quantity Received (3.97+0.17), and Total Cost (3.94+0.28) are among the
most consistently recorded data items. However, Drug Code (3.17+1.18) and Serial Number
(3.54+0.94) showed lower usage, suggesting potential inconsistencies in tracking product
identifiers. Despite varying usage frequencies, all data items received strong agreement for

inclusion in the recording forms, with mean scores ranging from 4.5 to 4.88 (Annex 7).
3.6. Convenience of Manual LMIS Tools for Use

The convenience of manual LMIS tools was assessed using eight items on a five-level Likert
scale. The findings revealed that Model 22/H and Model 19/H were the most user-friendly,
scoring 4.48 and 4.44. respectively, while the Stock Card had the lowest score (3.63). The
inclusion of essential data items was rated highest for RRF (4.61) and Model 22/H (4.59). In
terms of ease of data aggregation and reporting, all tools performed relatively well
Uniformity across facilities was best maintained in RRF (4.37), while consistency with other
records was highest for Model 22/H (4.36). However, recording errors were more frequent in
IFRR (3.96) and RRF (3.91) compared to Model 22/H (4.11) and Model 19/H (4.09). Time
consumption remained a concem across all tools, with the Stock Card being the most time-
intensive (3.04) and Model 19/H being the least (3.83) (Figure 5: Annex 8)
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Figure 5: Comparison of Manual LMIS Tools Convenience for Use by Health Supply Chain

Professionals in Public Health Facilities of Amhara Region, March 2022
3.7.Convenience of Digital LMIS Tools for Use

The convenience of digital LMIS tools was assessed using ten items on a five-level Likert
scale. The findings revealed that Bin Card was the most user-friendly tool (4.81), followed by
Stock Card (4.7), while Model 22/H had the lowest score (4.61). The inclusion of essential
data items was rated highest for IFRR (4.75) and Model 19/H and Model 22/H (both 4.74).
Ease of data aggregation and reporting was best in IFRR (4.87), while Model 22/H performed
the best i reporting (4.88). Uniformity across facilities was highest for IFRR (4.68), and
consistency with other records also rated best in IFRR (4.66). Digital tools were generally
less prone to recording errors, with Bin Card and IFRR scoring the lnghest (4.7). However,
integration and interoperability with other e-LMIS remained a challenge, with the lowest
scores recorded in Model 19/H (3.67) and Model 22/H (3.67). Time consumption was rated
better than manual tools, but variation existed across tools, with Bin Card (4.47) being the
most time-efficient and Model 22/H (4.2) the least (Figure 6: Annex 9).
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Figure S: Comparison of Digital LMIS Tools Convenience for Use by Health Supply Chain

Professionals in Public Health Facilities of Amhara Region, March 2022
4. Discussion

The current study shows that a vast majority of health supply chain professionals are actively
engaged in LMIS activities. This is significant, as individuals with more extensive LMIS
experience tend to participate more in critical logistics functions (EPSA. 2019: Samal, 2019).
Despite this widespread involvement, there remains a considerable gap in the digitalization of
LMIS systems. While many professionals are familiar with manual or paper-based tools,
adoption of digital platforms such as HCMIS, Dagu, or DHIS-2 is still limited. For example,
a study in Ethiopia revealed that paper-based tools continued to dominate despite digitization
efforts, due to infrastructural limitations and low digital literacy among staff (Dowling,
2017). This highlights the need for continuous professional development and technological
adaptation to improve LMIS efficiency (FMOH, 2020a; Alemu er al., 2021)

Insights from supply chan experts point to both positive perceptions and key challenges in
LMIS implementation. Experts gave relatively high ratings for system usability and staff
commitment (3.87 and 3.77 out of 5, respectively), supporting findings that user experience is
essential for successful LMIS adoption (Tummers er al, 2021). On the other hand,
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digitalization, data backup, and end-to-end data visibility received low scores (2.37, 2.6, and
2.01), indicating Lroader issues such as inadequate infrastructure and poor system
interoperability. Sumilar barriers have been reported in Ethiopia and other countries (Bekele
and Anbessa, 2021 Shama er al., 2021). Moreover, deficiencies in training and feedback
mechanisms are major obstacles to LMIS performance. Targeted capacity-building initiatives
are essential for strengthemng system sustamability and enhancing supply chain outcomes
(Kanyika ez @/., 2022; Milulu, Mwita and Basinda, 2024).

Overall LMIS performance was rated at a moderate level, with an average score of 2.78 out
of 5. However, initiatives like the IPLS, APTS and digital platforms such as Dagu-2 have

shown measurable improvements in performance (Gedif er al., 2016; Gudeta er al.. 2025).

The handling of critical LMIS data items reveals a disconnect between their recognized
importance and actual use. While manual tools like Bin Cards and Stock Cards are commonly
used, essential data items such as Average Monthly Consumption (AMC) and Emergency
Order Points (EOP) are often rarely used, leading to inefficiencies in the supply chain (Raj et
al.. 2024). Manual LMIS tools are generally perceived as less convenient due to their error-
proneness and time-consuming nature. In contrast, digital tools like electronic bin cards and
IFRR platforms are rated more highly for user-friendliness and efficiency (Gilbert et al.,
2020; Fritz, Herrick and Gilbert, 2021).

Nonetheless, implementation barriers such as unreliable internet, limited staff training, and
weak system integration continue to hinder their full potential (Desale er al., 2013; Mabirizi
et al., 2018). Digital systems such as HCMIS have demonstrated benefits in reducing errors
and enhancing data aggregation, yet still face challenges in infrastructure and mnteroperability
(USAID Deliver Project, 2014; Taddesse, 2015b; Bekele and Anbessa, 2021).

A well-designed LMIS requires a multidisciplinary approach that prioritizes both technical
robustness and user-centered usability. According to the WHO, a resilient LMIS should be
comprehensive, adaptable, scalable, and interoperable particularly in low-resource settings
(WHO, 2017, 2021). Effective system architecture should include stakeholder engagement,
data validation protocols, and alignment with local workflows (Richardson, 2006; Tummers
et al., 2021). Digital integration enhances real-time data visibility, reduces errors, and
strengthens decision-making (USAID, 2011; Global Fund, 2019). Success stories from

countries like Namibia, Tanzania, and Ethiopia show that digitization can sigmificantly
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improve supply chain efficiency. though infrastructural and workforce limitations still pose
major challenges (Dowling, 2017, Mabirizi ez al., 2018; Gilbert et al., 2020).

5. Conclusion and Recommendation

The LMIS tools were generally considered user-friendly and suitable for stock analysis,
although several challenges were identified, including inadequate data backup systems,
limited digitalization, and poor integration with other health information systems. The
performance of LMIS was rated relatively low, especially in terms of data quality,
digitalization, and integration with other systems. Despite these issues, certain LMIS
initiatives like IPLS, APTS, and Dagu-2 received more favorable reviews, and staff
commitment to LMIS was viewed positively. Manual tools such as Model 22/H and Model
19/H were seen as more user-friendly but also more time-consuming, whereas digital tools
like Bin Card and IFRR were considered more efficient and user-friendly, though still faced
challenges with integration and interoperability. Although most professionals recognized the
mmportance of LMIS data items, the use of advanced metrics, such as average monthly
consumption and emergency order points, remained low, Overall, the findings highlight the
strengths of LMIS tools in use but emphasize the need to address gaps in infrastructure,
training, and system integration to improve the effectiveness of LMIS in the region's public

health facilities.
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Annexes: Supplimentary Documents

Annex I: Insights of Health Supply Cham Professionals on LMIS unplementation i Health Facilities of Ambiar Region, March 2022 (N~150
Level of Agreement

SN | Items related with LMIS implementation (N~150)
Strongly | Disagree | Neutral | Agree | Strongly | MeaniSD
1. | We have a well standardized logistics (LMIS) system in our facility %f! 26(17.3) | 1K6.7) | 85(56.7) ﬁ 3.741.08
2. | Thereis o LMIS formats availability problem 10(67) | 38(253) |4(27) | 62(41.3) | 36(24) |35+13
3. | The number of professionals is enoagh to manage LMIS activities 1M6.7) | S1(34) 6(4) 52(34.7) | 3120.7) | 3.29+13
There 1s lngh staff commstment for LMIS activinies 1(0.7) 28(187) | 11(7.3) | 75(50) | 3%(23.3) |3.77£1.03
5. | The health system structure is appropriate for LMIS activities 106.7) | 46(307) |1493) | 67(44.7) | 1387) | 3.18+116
6. | Lack of mfrastucture (warchouse space, infernet, porver, compader, furnifire, etc) lighly affects | 14(9.3) | 19(12.7) | 9%(6) 60(40) | 47(31.3) | 3.73+13
the LMIS performance in our facility
7. | Our LMIS is user-fnendly {easily understandable to perform) 427 19(127) | %6) 88(58.7) | 30(20) 38099
8. | Our LMIS is appropriare for stock analysis 327 | 16(107) | 6(3) 94(62.7) | 30(20) | 3.87£0.95
9. | OwlMiSis for g TEPOIts 6(4) 26(17.3) | 6(4) 82(54.7) | 30(20) 3.69:1.1
10, | We have a good LMIS data backup system in our facility 29(19.3) | 57(38) 21004) | 3H20.7) | 12(8) 26124
11 | We have a sustamable EMIS system m our facility 32) 46(307) | 13(8.7) | 642.7) | 2416) | 34114
12. | The LMIS in our facility is well digitalized 5738) [ 37247 [128) | 31207 [ 1387) [ 237514
13. | There is efficient end 10 end LMIS data visibility i the health system (From lower-level heath 68(45.3) [ 46(30.7) | %6) 2(13.3) | 747 | 201£12
facility up to MOH and EPSA)
14. | Distance highly attributes to delay in reporting 12(8) 45(30) A7) S57(38) | 29(19.3) [33z13
15. | Transport probletn highly attribates to the LMIS report imeliness (delay) 12(8) 40(267) | 7(a.7) | 63(42) | 28(18.7) | 337+128
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16. | Work load highly anributes to data quality of the LMIS in our facility w7 | 25067 [1173) |7550) | 3221.3) | 3674103

17. | SCM officer's knowledge affects LMIS performance 533 [25067) |18012) [7%30) | 2718) | 3.63+106

18. | The different LMIS platforms are integrated with each other 11(7.3) 49(327) | 1812) 60(40) 12(8) 3.09:+1.16

19. | The different LMIS platforms are i (able 10 exchange info with other Health | 15(10) | S8(387) | 16.7) | 56(37.3) | 11(7.3) | 2.93£121
information systems

20. | The facility’s leadership is supportive for LMIS ncfivities A7) | 624 [ 1XET) | 76507 | 18(12) | 3414112

21. | Professionals working on health commodities SCM got enough LMIS training to effectively 35(23.3) | 67(447) | 11(73) | 3422.7) | 3(2) 2354113
discharge metr duties

22. | The facility 1s getting regular supportive supervision from the respective higher levels 33(22) $3(38.3) | 14(93) | 3%26) | 1(73) |261£128
(WoHoZHDRHB/EPSSMOH)

23| The facility is getting regnlar feedback from fhe respective higher levels 39(26) | 59(39.3) | 1&213) | 3221.3) | 427) | 2355116

(WoHoZHD/RHB/EPSSMOH)
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Aumnex 2 Frequency of Use and Level of Agreement on Data Items of B Card by Health Supply Chain Professaonals i Health Facilines of
Ambham Region, March 2022
Proposed Additional Data Items for Inclusion: Price (37), Coxi (3), Locarion (3); Manfacturer (1), Transer 1o (1)
How often these data items are used in logistics Level of agreement for the importance of these data item in the

recordings in your facllity
Sometim Often  Always  MeaniSD
es

Essential data items
(N=150)

Name of HF
Product Name
Strength

Dosage form
Unit of issue
Maximum Stock Level
EOP

AMC

Date

Rec/issue doc. No
Received

Issued

Loss/adj

Balance

Batch No

Expiry date
Remarks

Never

2(1.3)
21.3)
2(1.3)
2(1.3)
2(1.3)
11(7.3)
10(6.7)
50(33.3)
32)
427
21.3)
2(1.3)
2(13)
21.3)
2(1.3)
2(1.3)
3(2)

5(33)
1(0.7)
1(0.7)
0
100.7)
24(16)
29(19.3)
30(20)
2(13)
10(6.7)
1(0.7)
2(1.3)
127
1(0.7)
42.7)
201.3)
27(18)

320
213)
5(33)
3(2)
5(33)
11(7.3)
18(12)
12(8)
427
427
2(13)
32)
427
32)
TA4.7)
32)
6(4)

140(93 3)
145(96.7)
142(94.7)
145(96.7)
142(94.7)
104(69.3)
92(61.3)
S8(38.7)
141(94)
132(88)
145(96.7)
143(95.3)
140{93.3)
144(96)
137(91.3)
143(95.3)
113(75.3)

387:0 51
393040
391042
3945037
3910.42
339£1.00
329:1.00
252+130
389:0.50
3.76+0.69
393040
391043
3.88:0.49
3.9340.40
3.86:0.5]
391043
3554086
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Strongly Disagree
Disagree

5(3.3)
42.7)
5(3.3)
10.7)
2(13)

LMIS forms
Neatral Agree

201.3)
32)
21.3)
1(0.7)
2013)
10(6.7)
6(4)
AT
213)
3(2)
10.7)
3(2)
32)
2(1.3)
42.7)
32)
L)

24(16)
1(12.7)
20(13.3)
22(14.7)
24(16)
33(22)
41(27.3)
37(24.7)
26(17.3)
27(18)
23(15.3)
22(14.7)
23(15.3)
24(16)
26(17.3)
22(14.7)
30(20)

Strongly

Agree
121(20.7)
128(85 3)
128(85.3)
127(84.7)
124(82.7)
102(68)
99(66)
97(64.7)
121(30.7)
118(78.7)
126(84)
125(83.3)
124(82.7)
124(82.7)
118(78.7)
124(82.7)
109(72.7)

MeantSD

4754058
4832042
1.840.40
4.840.39
481042
46077
457070
445:0.93
4.78+0.49
4.74+0.56
183039
4.81=0.44
4.81£0.44
4.8140.42
4.73:0.58
4.79:0.50
461:0.76



Aunex 3: Frequeney of Use and Level of Agreement on Daia Items of Stock Card by Health Supply Chatn Professionals in Health Facilities of
Ambham Region, March 2022

How often these data items are used in logistics

Level of agreement for the importance of these data item in
the LMIS forms

data recordings In your facility
ftems Never Siuitins |ofwm MeantSD | Strongly | Disagree | Neutral | Agree | Strongly | MeantSD
Disagree Agree

Name of HF 33(22) 6(4) 2(13) [ 34(227) | 249144 | 5(3.3) 3(2) 0 20(133) | 47(313) | 435£1.33
Product Name 3(22) 5(33) 100.7) | 36(24) | 253:146 | 5(33) | 32) 0 [16(107)| 51(34) | 4.4:134
Strength 33(22) 3(33) 100.7) | 36(24) | 253:1.46 | 3(33) | 3Q2) 0 [ 17(113) | 50(333) | 439:1.14
Dosage form 33(22) S(33) 2(1.3) 36(24) | 254145 | 5(33) 3(2) 0 16(107) | 51G4) 4414

Unit of issue 33(22) 6(4) L3 | 34227) | 232144 | 3(33) | 3Q) 0 [ 16(107)| S1(34) | dd:l14
Location 36(24) 11(7.3) 201.3) [ 26(173) | 224£136 | 5(3.3) | 5(3.3) | 427) |19(127) | 42(28) | 4.171.21
MSL 35233) | 19027 | 5(3.3) | 1500) | 20117 | 5(33) | 64) 3(2) | 21(14) | 39Q6) | 41123
EOP 35(23.3) | 17011L.3) | 427 [ 19(127) | 2095124 | 5(33) | 74.7) | 213) |22(04.7) | 39(26) | 4.11+1.24
AMC 39(26) 15(10) 32) 18012) | 20:1.24 | 533) | 563 | 2A13) | 2104) | 42028 425120

Date 33(22) 6(4) 0 26(24) | 252£146 | 5(33) 3(2) 0 20(133) | 47(31.3) | 435<1.13
Recissue doc. No 3422.7) 7(4.7) 1007) | 33(22) | 244£144 | 5(33) | 427 0 17(11.3) | 49(32.7) | 435:1.17
Recetved 33(22) 6(4) 0 26(24) | 2526146 | 5(3.3) 32) 1(0.7) | 18(12) | 48(32) | 435:L1S
Tssued 33(22) 6(4)  |35(233)| 107 | 253=147 | 3(33) | 3(2) 0 | 190127) | 48(32) | 4.36=1.14
Loss/ady 33(22) T(4.7) 10.7) | 34(227) | 248144 | 5(33) 32) 0 19(127) | 48(32) | 436£1.14
Balance 33(22) 6(4) 0 36(24) | 2525146 | S(33) | 32) | 107) | 18(12) | 48(32) | 435+1.45
Price 13(22) 6(4) 10.7) | 36(24) | 253:145 | 5(33) | 3Q) 0 18(12) | 50(333) | 438:1.13
Expiry date 33(22) 6(4) 0 37(247) | 254=146 | 533) | 3Q2) 0 18(12) | 49(327) | 437=1.14
Remarks 33(22) 10(6.7) 32) 29(193) | 237£138 | 5(33) | 427 2(L3) | 22(14.7) | 42(28) | 423+1.17

29

162




Aunex 4: Frequency of Use and Level of Agreementt on Data Trems m the IFRR by Health Supply Chain Professionals in Health Facthines of
Ambharn Region, March 2022

Essential data items

Name of dispensing unit
Reporting period
From/To___

Max.stock Level

Item Name

Beg. Balance

Qty. Received

Loss/Adj.

Ending Balance
Calculated Consumption
Max. Qty

Qty to reach Max
Quantity ordered

Qty to be supplied
Remarks

Completed by
Approved by

How often these data items are used in logistics
recordings in your facility

Never Sometimes Often

2(13) 5(3.3) 6(4)
1907 107)  533)
100.7) 1(0.7) 6(4)
6(4) 8(53) 8(5.3)
0 W7 107
0 107 2(13)
0 07 32
07)  8(53) 427
0 07 32
107)  2013)  32)
A13) 213 32)
107) 213 5G33)
07) K07 S(33)
213) 853 427
07)  2133)  5(33)
0 320 533
207)  427)  3Q2)

Abways

137(91.3)
143(95.3)
142(94.7)
128(85.3)
148(98.7)
147(98)
146(97.3)
137(91.3)
146(97.3)
144(96)
143(95.3)
142(94.7)
143(95.3)
136(90.7)
124(82.7)
142(94.7)
141(94)

MeansSD

385:0.52
393:034
393035
3.72£0.74
398:018
3.97:020
397021
3 85:0.53
3.97£0.21
3.93£0.36
391043
3.93=038
3.93+0.34
383058
3.68:0.73
3934033
389049

Level of agreement for the importance of these data item in the

Strongly
Disagree

E— T B N — T T N T AT A Y - T

LMIS forms
Disagree Neutral — Agree

0 0 31207
07y 0 28187)
0 0 20193)
107) 427 26(173)
0 0 25167)
0 0 24(16)
0 0 24(16)
0 0 26(173)
0 0 24(16)
0 0 25167)
0 0 26(173)
0 203) 23(153)
07 0 25167)
0 07 2%19.3)
07 32 30Q0)
107) 107 250167)
213 0 25(167)

Proposed Additional Data Items for Inclusion; Daie at the end of the IF RR, Requested by, Issued by

30

163

Strongly
Agree
119(79.3)
121(80.7)
121(80.7)
119(79.3)
125(83.3)
126(84)
126(84)
124(82.7)
126(84)
125(83.3)
124(82.7)
125(83.3)
124(82.7)
120(80)
116(77.3)
123(82)
123(82)

Mean+SD

4.79:041
4.79:045
481040
4.75:053
483037
4.84:037
4.84£037
397021
484037
4.83£037
483038
482042
481+044
479042
4.74+0.52
482046
4.79:050



Aunex §: Frequency of Use and Level of Agreementt on Data Items 1 the RRF by Health Supply Chain Professionals i Health Facilities of
Amham Region, March 2022

129(86) 486035

31

164

NameofHF 213)  146(973) 3954031 0 0 0 214 4.8640.35
Region/Zone Woreda 3(2)  142(94.7) 391:042 0 427 107) 25(167) 120(80) A4.74+0.61
Suppling Branch X 5(33)  132(88) 3774066 0 107)  3@2)  15(167) 12180.7) 4.7740.50
From'to_ 7 32 3(2)  142094.7) 3.9:046 0 0 0 23(153) 127(84.7) 4.85:0.36
‘Maximum stock level 107 4@ 747 138092) 388:045 0 0 10.7)  26(173) 123(82) 481:04]
EOP 213 17013)  1387) 118(787) 3654073 0 213)  7(47)  26073) 115(76.7) 4.69:0.62
Product Description 0 32) 0 396028 0 0 0 126(36) 4 15
Unit of Issue 100.7) 0 ( 3974027 0 0 0 126(84)  4.8420.37
Beg Balance 00 149(99.3) 399:008 0 0 0 22047) 128(853) 485036
Qiy. Received 0 0 149(993) 3994008 0 0 0 22(147) 128(853) 485:036
Losad 107 4en 1430953) 3914042 1(07) 0 0 2004 12§853) 4834047
Ending Balance-DU 0 32) 145(96.7) 3.95:030  1(0.7) 0 0 21(14) 128(853) 4834047
Ending Balance-store 0 0 149(993) 4.0<0.12 0 0 0 21(14)  129(86) 4.86:035
Calculated C pti 0 0.7 147(98)  397+020 0 0 107)  20(133) 129(86) 4.85:037
Days out of stock 213 128) 64)  130(867) 376:065 0 3(2) 0 24(16) 123(82) 4.78:0.54
Max. stock quantity 32) 2(13)  145(96.7) 3954030 0 213) 0 20(133) 128853) 483047
Qty to reach max 0 32) 2(1.3)  145(96.7) 3951030 0 0 213)  21(14) 127(84.7) 4.8340.41
Quy ordered 0 10.7) 3(2)  146(973) 3974021 0 1007)  1(0.7) 21(14) 127(84.7) 4.83:0.45
Completed'verified/approved  1(0.7) 32) 9(6)  137(913) 388043 0 10.7)  2(13) 23(153) 124(82.7) 4.80=0.48
Products < 6 Month shelf life  15(10)  19(12.7)  11(73)  105(70) 3374105 0 2003)  3Q2)  2718) 1IS(787T) 474+0.56
Proposed Additional Data Items for Inclusion, Req 1 by, sep ending balance dispensery unit and store on Dagu-2



Annex 6: Frequency of Use and Level of Agreementt on Data Iemns in the Model 22/H by Health Supply Chain Professionals in Health Facilities
of Ambam Region, March 2022

Essentinl data items (N=100)  How often these data items are used in Jogistics vecordings  Level of agreement for inclusion of these data item in the recording

in your facility forms
Never Sometimes  Often  Always Mean+SD  Strongly Disagree Nentral  Agree Strongly  MeansSD
Disagree Agree

Ser. No 1) 6(6) 5(5) B5(85) 384059 1€1) 0 0 11(11) 88(88) 485405
Receiver name...for... o 0 2(2) 98(98) 3.98£0.14 o 0 0 7 93(93) 4.93+0.26
Date o 0 1) 99(99) 39941 0 0 0 6(6) 94(94) 4942024
SN 6(6) 3(8) 5(5) 81(81) 3.61+0.88 2(2) K1) 1) 11(11)  85(85) 4.76:0.71
Drug code 2121) 12(12) 7 60(60)  3.1£1.25 3(3) 2A2) 4(4) 11(11)  $0(80) 463409
Description of drugs,.. 0 0 2(2) 98(98) 398£0.14 0 0 0 6(6) 94(94) 4941024
Unit (RIS 2(2) 97(97) 39640.25 0 0 0 (7 93(93)  493:026
Quantity issucd [ 0 22) 95(98) 398014 0 0 0 N 93(93) 4932026
Unit Cost ] 0 2(2) 98(98) 3.98+0.14 0 0 o M 93{93) 4931026
Total cost o 0 5(5) 95(95) 3.95:022 1} o 0 10(10)  90{90) 49:03
Total selling price 16(16) 6(6) 2(2) T6(76) 338115 {§)] un 3(3) 10(10)  85(85 4.7720.65
Retail Unit 19(19) 4(4) 2(2) T5(75) 333+1.21 3(3) 2(2) 5(5) 12(12)  78(78) 462091
Retail unit price 16(16) 4(4) () 79(79) 3.43:1.14 un 3(3) 22 11(11) 83(83) 4722074
Sum Total 12(12) 3(3) 2(2) 83(83)  3.56-1.02 0 1) (1) 9(9) £9(89)  AR6=045
Delivered by [ IRTE)) 2(2) 97(97) 396024 0 1) 0 8(8) 91(91) 48904
Recelved by 0 0 3(3) 97(97) 3.97:0.17 0 0 iy 10010)  89(89) 4884036

Proposed Additional Data Items for Inclusion; Expire Date (4), Batch number (3), Dispensing Price (1), remarks (1)
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Aunex 7: Frequency of Use and Level of Agreement on Data Items in the Model 19H by Health Supply Chain Professionals in Health Facilities

of Amham Region, March 2022

Essential data ftems How often these data items are used in logistics recordings  Level of agreement for inclusion of these data item in the
recording forms
MeansSD  Strongly Disagree Neutral — Agree  Strongly MeantSD

Ser. No 22)
Receiver name...from 0
Invoice No 2A2)
SN 9(8.9)
Drug code 17(16.8)
Description of drugs,... 0
Unit 0
Quantity received 0
Unit Cost 0
Total cost 0
Batch No 6(5.9)
Expiry Date 6(6)
Sum Total 2(2)
Delivered by 0
Received by 0
Remarks 0

in your facility

Never  Sometimes  Often  Always
5(5) 6(5.9) 88(87.1)

0 (1) 97(96)
2(2) 7.9 BY(B&.1)
5(5) 10(9.9)  77(76.2)
11(10.9)  11(10.9) 62(61.4)

(1) 3(3) 97(96)

0 303) 98(97)

0 33)  98(97)

2(2) 3(3) 96(95)

1 A 96(95)
3(3) 87.9) B84(83.2)
1 5(5) 88(87.1)

0 2(2) 97(96)

In 3(3) 97(96)

0 44) 97(96)
11(109) 7.9 82812
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3784063
3.96:0.2
3.8240.56
3.5440.94
31741018
3.9540.26
3.9740,17
39740.17
3934032
3.94:0.28
3.6820.8
3.7540.76
3924044
3954026
396<02
3.7066

44
33

o e e

33)
0
44)
6.9)
5(5)
2)
22)
22)
22)
3(3)
(1
22)
()
%)
(1)
5(5)

13(12.9)
13(12.9)
12(11.9)
10(9.9)
12(11.9)
%AB9)
8(7.9)
10(9.9)
9%8.9)
8(7.9)
5(5)
7(6.9)
11(10.9)
76.9)
10{9.9)
15(14.9)

Agree
85(84.2) 4.840.46

$8(87.1) 4.87:034
85(84.2) 48:049
82(81.2) 4.740.69
76(75.2) 4.5+1.01
89(88.1) 4.84:0.48
91(90.1) 4884038
89(88.1) 4.86:04
90(89.1) 4874039
90(89.1) 486043
91(90.1) 4.8:0.64
§9(88.1) 4.8:0.62
$8(87.1) 4834053
90(89.1) 4.85:046
90(89.1) 4884036
81(80.2) 4.75:0.54



Aunex 8 Level of Convensence of Manual LMIS 10ols by Health Supply Chain Professionals m Health Facilities of Ambhara Region, March

2022

BinCard  Easy to fill data (User Friendly) 213) 8(5.3) 9(6) 25(16.7) 106(70.7) 454093
Included 41l essential data items 1(0.7) 32) 9(6) 47(31.3) 90(60) 4481076

Fasy to aggregate data for analysis 10(6.7) 1409.3) 9(6) 27(18) 90(60) 415:013

Easy for reporting 13(8.7) 12(8) 13(87) 2(14.7) 90(60) 4095134
Uniformity across units’ faciities 5(33) 15(10) §5.3) 38(25.3) 84(56) 4215113
Consistency with other records 42.7) 8(5.3) 13(87) 39(26) 86(57.3) 432101

Less proze to error durmg recording 853) 15(10) 18(12) 36(24) T3(48.7) 401:1.22
Tt is not time consuming 19(12.7) 16(10.7) 17(11.3) 45(30) 53(353) 365:1.39

Stock Card  Easy fo fill datn (User Friendly) S(11.1) 16(222) 5.6 11(153) 33(358) 3634152
Tncluded all essential data itetns 683) 15.6) 56.9) 15(20.8) 23(583) 4155127

Ensy 1o aggregate data for analysis 13(18.1) S(1L1) 79.7) 15(20.8) 20(40.3) 3544155

Ensy fot reporting 15(20.8) 912.5) 11(15.3) 79.7) 30(41.7) 3394162
Usiformity across units’ facilities 113.9) 12(167) 45.6) 13(18.1) 33(45.8) 3654183
Consistency with other records 9(12.5) 8(11.1) 9(12.5) 15(20.8) 3143.1) 3714144

Tess prone to emror during i 13(18.1) 11(15.3) /(111 13(18.1) 27375 3424155

11 S not time constming 20(27.8) 10(13.9) 9(12.5) 13(27.8) 20(278) 3045161

IFRR  Easy to fill data (User Friendly) €027 166.7) 14(9.3) 23(15.3) 99(66) 4352107
Inchided all essential data items 1(0.7) 427 10(6.7) 24(16) 111(74) 460,79
Easy to aggregate data for analysis 10(6.7) 9(6) 15(10) 26(17.3) 90(60) 418+1.23
Easy for reporting 149.3) 74.7) 1(7.3) 16(10.7) 102(68) 4235132
Uniiformity across units/ facilities 2013) 17(11.3) 17(11.3) 2(14.7) 92(61.3) 4234112
Cansistency with other records 32) 10(6.7) 15(10) 33(22) 89(59.3) 43:1.03
Less prone (o error during recording 8(53) 15(10) 2%(15.3) 33(22) 71(473) 3965123
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Model 19H

Model 220

Itis not time consuming

Easy to fill data (User Friendly)
Included all essential data items
Easy to aggregate data for analysis
Easy for reporting

Uniformity across units’ facilities
Caonsistency with other records
Less prone [o error durmg recording
It is not time consuming

Easy to fill data (User Friendly)
Tucluded all essential data itemy
Easy 1o ageregate data for analysis
Easy for repocting

Uniformity across umts/ facilities
Caemsistency with other records
Less prone to emvor durmg recording
1t is not time constuning

Easy to fill data (User Friendly)
Included all essential data items
Easy to aggregate data for analysis
Easy for reporting

Umiformity across units/ facilities
Caonsistency with other records
Less prone (o enor durmg recording
Tt is not time consmning

20(13.3)
213)
10.7)

9(6)
13(8.7)
110.7)
)
8(53)
21(14)
442)
3.
10(10.4)
10(10.9)
10
221)
§63)
14(14.6)
31y
2(2)
992)
9%92)
2(2)
12)
66.1)
13(13.3)

20(13.3)
12(8)
5(3.3)
14(9.3)
8(5.3)
16(10.7)
106.7)
17(113)
23(15.3)
5(5.2)
2.1
5(5.2)
5(52)
1(11.5)
6(6.3)
X9.4)
6(6.3)
6(6.1)
330
6(6.1)
66.1)
11(112)
6(6.1)
99.2)
7N

i3

168

27018
1(73)
5(3.3)

64)
853)
(6
13(8.7)

22(14.7)

28(18.7)
4(15.6)
(5.2)
6(6.3)
55.2)
6(6.3)
A9-4)

11(11.5)

12(12.%)
H4.1)
6(6.1)
5.0
A7)
7.0
9%9.2)

10(10.2)

15(15.3)

34(22.7)
31(20.7)
29(19.3)
28(18.7)
28(18.7)
24(16)
34(22.7)
37(24.7)
39(26)
15(15.6)
13(13.5)
§(8.3)
12(12.5)
14(14.6)
16(16.7)
14(14.6)
14(14.6)
13(13.3)
11(112)
12(122)
13(13.3)
14(14.3)
19(19.4)
16(16.3)
14(14.3)

49(327)
94(627)
110(733)
93(62)
93(62)
100(66.7)
90{60)
66(44)
39(26)
68(70.8)
7%(76)
67(69.3)
64(66.7)
64(66.7)
63(65.6)
56(58.3)
50(52.1)
72(73.5)
76(77.6)
66(67.3)
63(643)
64(65.3)
62(633)
57(582)
49(50)

JasL1 41
4354101
4.61x0.77
4214124
42:1.28
437=1.04
4325102
391+1.23
3354138
4442107
457093
4224137
4.2£1.36
4.34=1.08
338+1.03
409+128
3834148
448104
459109
422£133
417<133
43:113
436=1.02
411127
381146



Annex 9: Level of Convenience of Digital LMIS tools by Health Supply Chan Professionals in Health Facilities of Amham Region, March 2022

Stockcard

Easy to fill data (User Friendly)
Included all essential data items
Easy to aggregate data for analysis
Easy for reporting
Uniformity across units/ facilities
Consistency with other records
Less prone to emor during recording
1118 0Ot time consuming
Tnteroperability with other e-LMIS
Integration to other e-LMIS

Easy to fill data (User Friendly)
Lacluded all essential data itetns
Easy fo aggregate data for analysis
Easy for reporting
Unifornity scross units’ facilities
Consistency with other records
Less prone to error durmg recording
1t is not time conswnmg.
Interoperabilsty with other e-LMIS

169

8(15.1)
16(30.2)
611.3)
5(9.4)
12(226)
#15.4)
12(226)
%17
11(20.8)
a7
930)
10(333)
3(10)
2(6.7)
10(333)
826.7)
9(30)
9(30)
%23.3)

44(83)
37(69.8)
16868)
47(88.7)
37(69.8)
38(73.1)
30(73.6)
37(69.8)
27(50.9)
27(50.9)
21(70)
2066.7)
24(80)
26(86.7)
16(53.3)
16(53.3)
18(60)
17(36.7)
15(50)

4812044
4.7£0.46
4.85:041
4.8540 50
4.60:0.69
4.6120.69
4.7040 54
4474097
4.00£1.29
3.8541.46
4.70:0.47
4.70+0.48
4.70:0.65
4.7740.68
#4.27:1.05
4.270.984+
4.50:0.68
4332099
4.00:1.29



Model 19/H

Integration to other e-LMIS

Easy to fill data (User Friendly)
Included all essential data items
Easy to aggregate data for analysis
Easy for repocting

Unifornuty across units’ facilities
Caonsistency with other records
Less prone to error durmg recording
It is not tune consummg
Interoperability with other e-LMIS
Integmtion to other e-ILMIS

Easy to fill data (User Friendly)
Included all essential data dems
Easy to aggregate data for analysis
Easy for reporting

Uniformity across units’ facilities
Cansistency with other records
T.ess prone to emor during recording
1t is not time consummg
Interoperability with other e-LMIS
Integration to other e-LMIS
Easy to fill data (User Friendly)
Incuded all essential dna items

S(16.1)

e e o o o

1(4.3)
3(6.4)
5106
101.9)
1{1.9)
1(1.9)
1(1.9)
1(1.9)
1(1.9)
101.9)
2(3.8)

47.7)
123)

37

170

13.2)
020
02
21

24.3)
«8.5)
2.1
(6.4
5(10.6)
&128)
101.9)
1(1.9)
1(1.9)
238
358
5(9.6)
2(3.8)
59.6)
ATy
AT
24.7)
24.7)

619.4)
14.9)
10(213)
4(8.5)
3(6.4)
817
517
12(25.5)
10(21.3)
817
%19.1)
%17.3)
11(212)
115
477
%17.3)
10(19:2)
14(26.9)
%17.3)
11(212)
%13.5)
518.6)
716.3)

15(48.4)
37(78.7)
36(76.6)
42(89.4)
$3(915)
36(76.6)
35(74.5)
34(72.3)
29(61.7)
26(55.3)
23(48.9)
40(769)
39(75)
14(84.6)
15(86.5)
38(73.1)
36(69.2)
35(67.3)
34(65.4)
29(55.8)
28(53.8)
32(74.4)
34(79.1)

3714158
4,6840.73
4.75:049
4871040
4871049
4.6820.66
4.66+0.64
4.700.51
430+112
4.04:1.30
3.87+1.39
4.65:0.79
4.67:0.71
4.77:0.68
4774070
43840 8%
4542083
4.5810.75
4374007
4.10£1.29
4.02+131
4634079
4741054



Model 22/H

Ensy o aggregate data for analysis
Easy for reporting

Uniformity actoss units’ facilities
Consistency with other records
Less prone to error durmg recordmg
It is not time consunmg
Interoperability with other e-LMIS
Iutegration to other e-1L MIS

Easy 1o fill data (User Friendly)
Included all essential data items
Easy to aggregate data for amalysis
Easy for reporting

Unformity across umts’ facilines
Consistency with other records
Less prone to emvor during recording
[t is not time consunmg
Interoperability with other e-LMIS
Tategration to other e-LMIS

12.3)

123)
123)

3(7)
409.3)
6(14)
123)

12.3)
1(23)

3(M
45.3)
6(14)

38

171

716.3)
5(11.6)
920.9)
§(18.6)
13(302)
11(25.6)
6(14)
7(16.3)
%20.9)
16.3)
6(14)
5(11.6)
8(18.6)
8(18.6)
13(30.2)
10(233)
6(14)
716.3)

35(R1.4)
37(36)
29(67.4)
29(67.4)
29(67.4)
24(55.8)
2148 8)
19(44.2)
31(72.1)
34(79.1)
36(83.7)
3888 4)
29(67.4)
20(67.4)
20(67.4)
25(s8.1)
22(512)
19(44.2)

4.7740.57
4844043
4444103
4.5140.80
4.6510.53
4.16:1.23
3844138
367146
4.61:0.79
4.74:0.54
4.79:0.56
4.88:0.32
4.4241.05
4.51:0.80
46540 83
4.20+1.24
3.88+1.38
3.671.46
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Introduction: Access to essential medicines is a pressing global health issue. particularly n
developing countries where ineffective supply chains impede access to lifesaving treatments
(WHO, 2010; Stevens and Huys, 2017). Over one-third of the world's population lacks
regular access to essential medicines, significantly impacting public health, especially in Sub-
Saharan Africa (Evans and Boerma. 2009). The complexities arising from supply chain
structures and inadequate Logistics Management Information Systems (LMIS) and absence
of performance evaluation farmwork exacerbate these challenges (Yadav, 2015).

Objectives: This study aimed on developing a conceptual model for LMIS performance
evaluation based on the grounded theory approach. specifically targeting health commodities
LMIS i Ethiopia's healthcare facilities.

Methods: This study was conducted in the Amhara Region of Ethiopia. utilizing an
institution-based concurrent mixed-methods design with a focus on qualitative data. The
source population consisted of health professionals mn leadership roles related to health
commodities supply chain management across public healthcare facilities, including health
facility heads, medical directors, pharmacy heads. supply chan coordinators. district supply
chain coordinators, and chief executive officers. A stratified random sampling method led to
the selection of 102 facilities, with 83 key informants purposefully chosen based on their
relevant experience. In-depth interviews were conducted using open-ended questions, and
audio recordings were made with participant consent. To ensure data quality, expert
validation, training, and iterative feedback were employed throughout the data collection

process. The qualitative data analyzed using grounded theory methodology. mcluding open,
1
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axial, and selective coding, with findings categorized according to the coding paradigm
model established by (Corbin T and Strauss A, 2015). MAXQDA (version 24.4.1) was
utilized for comprehensive coding and analysis through grounded theory method (Radiker,
2023). Ethical considerations were strictly followed, with review and approval from the
Ethical Review Committee of the School of Pharmacy and the Institutional Review Board of
the College of Health Sciences at Addis Ababa Umiversity. Participant confidentiality was
maintained throughout the research process.

Results: A total of 1,427 coding segments, 187 first-level concepts, 64 second-level
categories, and 21 high-level categories were identified through the open coding, axial
coding, and selective coding processes of grounded theory. Then. the conceptual crafted
using coding paradigm approach of the grounded theory, pinpoints critical factors that
influence the performance of the health commodities LMIS and its impact on the efficiency
of the health commodities supply chain. It emphasizes causal factors such as budget
constraints, data quality issues, workforce training deficiencies, and LMIS implementation
challenges that lead to system inefficiencies. Additionally, 1t hnghlights contextual factors,
including government commitment, infrastructure, public health emergencies, and security
concerns, that shape system performance. To mitigate these challenges, the model
recommends strategies such as digital innovation, LMIS integration, workforce development,
and enhanced implementation support. Importantly, the model illustrates that a well-
functioning LMIS improves healthcare delivery by providing real-time, reliable, and high-
quality data for informed decision-making.

Conclusion and Recommendations: This conceptual model is highly recommended as a
framework for assessing LMIS performance in Ethiopian healthcare facilities, with a cautious
piloting phase before full-scale implementation. Furthermore, a quantitative study 1s proposed
to validate the model by assessing the impact of each factor and paradigm dimension on
LMIS performance, which would then inform the development of measurable key
performance indicators (KPI) for routine monitoring and evaluation of LMIS in healthcare

facilities.

Key Words: Conceptual Model, LMIS Performance, Health Facilities. Grounded Theory,
Coding Paradigm
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1. Introduction

Access to essential medicines is critical for any nation's healthcare system, providing vital
medical products, vaccines, and technologies necessary for public health (WHO, 2010; Khlie
and Abouabdellah, 2016; Global Fund, 2019). However, the effectiveness of these systems
hinges on the availability of timely and accurate health data essential for informed decision-
making (WHO. 2010). Many low-and middle-income countries (LMICs) struggle with
incomplete, untimely, and inaccurate data from health facilities, undermining the
effectiveness of health information systems (Chaulagai er al., 2005; Rowe, 2009). A well-
functioning LMIS 1s vital for managing health commodities efficiently, aiding in forecasting,

procurement, and distribution, thus enhancing health outcomes (Choudrie ez al., 2017).

The Ethiopian government has launched several Health Sector Transformations to enhance
healthcare services across the country. However, persistent challenges related to the health
commodities LMIS hinder access to essential medicines (Roadmap, 2016; FMOH, 2021,
2024b). The major challenges include inadequate data quality, poor mfrastructure, staff
shortages, lack of training, and limited system integration (Fenta, 2017; Alemu ez al., 2021;
Shama er al.. 2021).

Tackling these systemic challenges is essential for improving healthcare delivery in Ethiopia
and similar LMICs. Furthermore, to enhance LMIS performance, it is crucial to develop and
implement a structured evaluation framework. Grounded Theory (GT), developed by Glaser
and Strauss, offers a systematic and iterative approach to developing theories through
qualitative data collection and analysis. Studies demonstrate that in-depth analyses of
qualitative information using GT is invaluable in developing formal theories and conceptual
models that can inform practice and improve health systems (Glaser, B. G., Strauss, 1967;
Qureshi and Unlii, 2020). The model is intended to serve as a forward-looking framework for
evaluating and improving LMIS performance, and integrate effective data management
practices that improve supply chain efficiency and ultimately increase access to essential

medicines and overall healthcare delivery (PATH, 2010; Hailu, Ahmed and Yimer, 2020).
2. Objectives

This study focuses on developing a conceptual model for LMIS performance in public health
facilities of Amhara region, Ethiopia
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3. Methods

3.1.Study Area

The study was conducted in Amhara National Regional State of Ethiopia, the country’s
second-most populous region. The region is administratively classified into 12 Zones and
three city administrations. Four EPSS hubs supply health commodities for public health

facilities in the region.
3.2.Study Design

An institution-based concurrent mixed study design employed a combination of quantitative
and qualitative approaches used for the data collection. This study is part of the main project
focusing on performance evaluation of health commodities LMIS and the findings m this

article are based only on the qualitative data.
3.3.Theoretical Foundation

In qualitative data analysis, the core objective is to identify key categories, concepts, and
dimensions, as well as to uncover relationships among these elements. The Grounded Theory
Method (GTM), ongmally developed in sociology duning the 1960s by Glaser and Strauss
(1967), has since been widely adopted across diverse disciplines, including infonmation
systems (IS) (Glaser, B. G.. Strauss, 1967; Birks et al., 2013; Urquhart and Fernandez. 2016).
Its primary aim is to derive theory inductively from data rather than applying pre-existing
frameworks. This methodology enables the discovery and articulation of core concepts,
providing theoretical insights that extend beyond current knowledge. The strength of the
Grounded Theory Method (GTM) lies in its empirical relevance, methodological rigor, and
ability to generate grounded, substantive theories. GTM is particularly well-suited for
contexts where theoretical foundations are limited or mcomplete, making it ideal for
emerging domains and concepts. In the context of LMIS performance evaluation, where the
underlying constructs and relationships are not fully understood, GTM offers a structured yet
exploratory approach for conceptual model development. The literature reveals the absence
of a comprehensive framework for evaluating LMIS performance and identifying its
influencing variables, highlighting the need for finther investigation (USAID Deliver Project,
2011; FMOH, 2019). Accordingly, this research adopts GTM to develop a mid-range
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conceptual model that explains the factors and interdependencies influencing LMIS

performance.
3.4.5ource and Study Population

The source population included health professionals employed in public healthcare facilities
across the Amhara region. The study population was purposefully selected to include
individuals in leadership roles within health commodity supply chain management, such as
health facility heads, medical directors, chief executive officers, pharmacy heads, and supply
chain management coordinators from woreda (district) health offices. This focus aimed to
gather insights into the challenges and best practices affecting the supply chain's
effectiveness, particularly regarding the performance of the Logistics Management
Information System. Understanding their insights, perceptions, and experiences is vital for

developing & conceptual model to enhance LMIS performance.
3.5.Sampling Procedure

Health centers and hospitals in all Zonal administrations, except those with security
problems, were considered for sampling. Accordingly, six zonal and two city administrations
were selected and further stratified into three clusters based on the EPSS hubs' location.
Fifteen percent of the facilities were included in the study per the recommendation of
USAID's Logistics Indicators Assessment Tool (LIAT) (USIAD Deliver Project, 2008).
Sample sizes for each zone and district were allocated proportionately to their size. In total,
102 facihties were included n the study, compnsing five referral hospitals, four general
hospitals, ten primary hospitals, and 83 health centers. The facilities were selected using a
multi-stage stratified random sampling method, also proportionate to their size. Subsequently,
medical directors, chief executive officers, heads of health centers, pharmacy heads, and
health supply chain coordinators from the woreda health office were purposively chosen from
the selected facilities, taking into account their relevant experience with the performance of

the LMIS system within their respective institutions.

3.6.Inclusion and Exclusion Criteria
Inclusion Criteria
e All Zonal Administrations

e All public health facilities that have been functional for more than one year
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o All health facility heads, medical directors, chief executive officers, pharmacy heads,

and supply chain management coordinators from woreda health offices.
Exclusion Criteria

e Health facilities were damaged in conflict-affected areas or had security problems
during the study.

o Health Posts

e Non accessible participants and those having < 6 months of experience at the time of
the survey

3.7.Data collection process

Open-ended guiding questions were utilized in in-depth interviews with key informants, as
interviews serve as an effective tool for theoretical sampling in grounded theory, facilitating
the generation of highly conceptualized data (Foley er «l., 2021). Additionally, probing
questions were mcluded to further explore specific issues related to the performance of
LMIS. The guiding questions began with a broad inquiry into the performance of supply
chain management, subsequently narrowing down to examine the performance of the
Logistics Management Information System, including its strengths, weaknesses, challenges,
and insights for potential improvements. The data was audio recorded based on the

participants’ consent.
3.8. Data quality assurance

Ten experts in the area validated data collection tools, and traiming was provided for data
collectors for two days. The data collection tools were pre-tested, and necessary amendments
were made. Duning the first two days of data collection, the data collection coordinators
carefully reviewed the audio recordings of the interviews. They provided constructive
feedback to the mterviewers, focusmmg on their question-asking techmiques and how
effectively they probed for additional issues or clarified responses. This feedback aimed to

improve the consistency and depth of the data gathered throughout the study.
3.9. Reflexivity

The principal investigator of this study is a pharmacist by profession and having experience
at both the federal and facility levels of the healthcare system. The additional interviewers

were all pharmacists with significant experience within the health system. They hold at least
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a master's qualification in health supply chain management or related fields, and possess in-
depth knowledge of health supply chain systems and the challenges related to the
implementation of LMIS in healthcare facilities. Given the nature of qualitative research, the
interviewers were aware of their positionality and potential biases in the interview. The
interviewers took steps to actively engage in self-reflection and critically examine their
personal experiences, assumptions, and professional backgrounds, which could influence the
interview process. This reflexive approach was aimed at minimizing the impact of any
unconscious bias and ensuring that the responses of the key informants were not
unintentionally shaped by the interviewers' views. Before data collection, the interviewers
discussed and clarified their roles in the research process to establish a shared understanding
and ensure transparency. These discussions allowed the team to be mindful of their influence
on the interview process and the interpretation of responses. The transcription, coding and
analysis was done by the principal investigator. In recognition of the reflexive process, the
principal investigator strived to approach the data with openness, ensuring that the findings
were grounded in the lived experiences of the key informants rather than shaped by his

personal preconceptions and experiences.
3.10. Data Analysis and Interpretation

The qualitative data were carefully reviewed, and the andio recordings of the interviews were
systematically coded. Following this, the recordings were transcribed into English to ensure
accuracy and consistency. The resulting transcripts were then imported into MAXQDA
(version 24.4.1), a tool for computer-assisted qualitative and mixed methods data analysis

software for comprehensive coding and analysis (Radiker, 2023).

The coding and analysis of the transcripts adhered to the grounded theory analysis
framework. The first step in this grounded theory analysis was open coding, where relevant
segments were identified and coded. The transcripts were reviewed line by line to highlight
important segments related to LMIS performance. In this step, there is a need of continuous
interplay between analysis and data collection until the saturation of ideas. In this study, data
was collected at a single time point, with no back-and-forth data collection. To ensure
theoretical saturation, the sample size was maximized and the coding process was closely
monitored for the emergence of new concepts. In line with the 'all is data' principle of
grounded theory, any information encountered by the researcher during the study was treated
as potentially relevant data. In this study, 83 participants were interviewed, aligning with
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Creswell's (2007) recommendation of 20-30 individuals for a primary interview and Khan's
(2014) guideline of 20-60 participants (Creswell, 2007; Khan, 2014). However, theoretical
saturation was reached after analysing transcripts from 50 participants, as no new insights
emerged beyond that point. Nevertheless, the larger sample size contributed significantly to
the identification of key concepts that were consistently emphasized and articulated from
multiple perspectives. In contexts where iterative iterviews are not feasible, obtaining rich
and comprehensive data in a single interaction becomes essential to capturing the depth and

diversity of participant experiences (Birks and Mills, 2011; Corbin and Strauss, 2015).

The second step, axial coding, was used to explore similarities and differences among the
generated codes. During this step, coded segments were continuously compared to shift from
mere description to analytical and conceptual thinking. This process auned to identify
consistencies and differences, allowing for the refinement of concepts and the development
of theoretically relevant categories, which were then organized into higher-order categories
(Tie, Birks and Francis, 2019).

Finally, selective coding was applied to systematically relate these high-level categories to
one another and to further refine existing categories, ultimately leading to the development of
the conceptual model (Corbin and Strauss, 2012; Radiker, 2023). The identified concepts
presented in a data structure indicating different level of categories which helps for better
visualization adapted from Goia and his colleagues (Gioia, Corley and Hamilton, 2013). The
data structure provides a visual representation of how raw data is transformed into themes,

enhancing transparency and demonstrating analytical rigor in qualitative research (Figure 1).

Constant
Comparisons

Tiaon D e 0|

Figure 1: Illustration of the grounded theory process to develop the conceptual model.
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Strauss and Corbin (1990) introduce the "coding paradigm" as a fundamental framework in
grounded theory to analyse relationships between categories and concepts. This coding
paradigm structures theory development by examining key elements; causal conditions,
context, intervening conditions, action/interaction strategies, and consequences i which all
interacting with the central category or phenomenon. It helps establish connections between
categories and subcategories developed during open coding, enhancing depth and precision in
grounded theory by systematically linking concepts on a meta level (Corbin J and Strauss A,
2015; Vollstedt and Rezat, 2019) (Figure 2)

Contextual Conditions
Intervening Conditions

Figure 2: Coding paradigm for Grounded Theory Method, adopted from (Corbin T and
Strauss A, 2015)

3.11. Ethical Consideration

The proposal was reviewed and approved by the Ethical Review Conunittee of the school of
Pharmacy and the Institutional Review Board of the college of health sciences of Addis
Ababa Umversity. The purpose of the study was clearly explained to all key informants, and
verbal informed consent was obtained after they comprehended the information. The
interview was audio-recorded with the participant’s permission. There were no individual
identifiers included in the data collection to protect the privacy of the participants, and the

data was analysed in aggregate.
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4. Results

4.1. Participants’ Information

In this qualitative exploration, a total of 83 participants were interviewed. The study
participants enrolled from four zones of Amhara Region: Central Gondar (25.30%), East
Gojjamn (21.69%), North Shewa (18.07%), and West Gojjam (34.94%). Most participants
(80.72%) were working in Health Centers, while others were from Primary Hospitals
(10.84%) and Woreda Health Offices (8.43%). The average age of the participants was 31.35

years, ranging from 25 to 39 years. with the vast majority being male (96.39%).

In terms of profession, Health Officers made up the largest group (43.37%), followed by
Nurses (25.30%), Pharmacists (20.48%), Midwives (6.02%), and Medical Doctors (4.82%).
Regarding educational background, most participants (80.72%) held a Bachelor's degree,
with smaller proportions having Diplomas (10.84%), MSc degrees (7.23%), and Medical
Speciality (1.20%). The majority (69.88%) held Health Center Head positions, while others
served as Pharmacy Head (10.84%), Woreda Supply Chain Management Coordinator
(9.64%), Chief Executive Officer (7.23%) and Medical Director (2.41%). On average,
participants had 7.87 years of experience in their field, ranging from 3 to 15 years. They had
an average of 2.61 years of experience in their current position, with a range from 0.5 to 9

years (Table 1).

Variables (N=83) Categories N Percentage

Zone Central Gondar 21 253
East Gojjam 18 21.69
North Shewa 15 18.07
West Gojjam 29 34.94
Total 83 100

Level Health Center 67 80.72
Primary Hospital 9 10.84
Woreda Health Office 7 8.43
Total 83 100

Age Mean +SD (Min, Max)* 31.35+2.95 [25, 39]

Sex M 80 96.39
F 3 3.61
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Total 83 100

Profession Health Officer 36 43.37
Nurse 21 253
Pharmacy 17 20.48
Midwifery 5 6.02
Medical Doctor 4 482
Total 83 100
Highest Qualification  Bachelor Degree 67 80.72
Diploma 9 10.84
Masters 6 7.23
Medical Speciality 1 1.20
Total 83 100
Current Position Health Center Head 58 69.88
Pharmacy Head 9 10.84
WOHO SCM coordmator** 8 9.64
Chief Executive Officer 6 7.23
Medical Director 2 241
Total 83 100
Total Professional Experience (Mean £8SD (Min, Max) 7.87+£293 [3,15]
Experience at Current Position (Mean £SD (Min, Max) 2.61£1.77 [0.5,9]

*SD-Standard Deviation **WOHO SCM-Woreda Health Office supply chain management

4.2. Health Commodities Supply Chain Performance

The performance of the health commodities supply chain (HCSC) in public health facilities
of the Amhara Region is shaped by a complex interplay of systemic, contextual, and
operational factors. A grounded theory analysis, conducted nsing MAXQDA and structured
within the Corbin and Strauss (2015) paradigm framework, identified various codes,
subcodes, and segments that elucidate these interrelations (Annex 1). The resulting coding
model visnally maps these interconnected factors, highlighting their collective impact on
health commodities access, wastage reduction, and overall health service delivery outcomes

(Figure 3).
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Figure 3: Code. Subcode and segments model for health commodities supply chain
performance using MAXQDA (MAXMAP) based on grounded theory method

The conceptual model developed for health commodities supply chain performance
highlights the central phenomenon of systemic challenges. These challenges stem from
interconnected causal, contextual, and intervening conditions, necessitating strategic actions

to drive meaningful improvements and enhance healthcare delivery (Figure 4).
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Figure 4: Conceptual model for supply chain performance of health commodities based on
grounded theory method

Causal Conditions: The limited supply capacity of EPSS is pnmarily attributed to persistent
low fill rates (10-50%), delayed deliveries, the distribution of near-expiry stock, and
misalignment between supply and actual demand. These issues have led to frequent stockouts
of essential and program medicines, compelling reliance on private suppliers who often
charge higher prices and provide inconsistent availability due to capacity constraints and
seasonal fluctuations. Compounding these challenges are inefficiencies in the LMIS,
characterized by inaccurate reporting, manual data entry, and poor data visibility, which
hinder effective inventory management, timely decision-making, and accurate demand

forecasting.

Contextual Conditions: Several contextual factors exacerbate supply system challenges.
Structural issues such as limited budget allocations, complex and bureaucratic procurement
policies, and weak governmental commitment to reform impede progress. The Community-
Based Health Insurance (CBHI) scheme, while increasing healthcare access, has introduced
additional demand without corresponding improvements in timely financial reimbursements.
National macroeconomic factors like inflation elevate medicine costs, while infrastructural
deficits including inadequate storage facilities, poor road access, inconsistent power supply,
and limited ICT capacity further challenge the system. Security threats, including conflict and

13
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large numbers of intemally displaced persons (IDPs), directly disrupt distribution networks

and medicine access.

Intervening Conditions: The success of supply chain interventions is influenced by
mtervening conditions such as the performance of the LMIS, which suffers from data quality
issues and a lack of full digital integration. Fragmented or delayed reporting, coupled with
weak monitoring and feedback systems, hampers real-time decision-making. Human resource
constraints including workforce shortages, high tumover, resistance to new technologies, and
msufficient training limit the system’s adaptive capacity. Additionally. the absence of
institutionalized policy advocacy and cross-sector coordination creates batriers to

implementing sustainable improvements.

Action/Intervention Strategies: To address these interconnected challenges, the model
proposes several strategies. Digitalization is critical for emhancing LMIS performance,
enabling better data visibility, demand forecasting, and inventory control. Inventory
optimization strategies aim to align supply with actual needs, reducing stockouts and
wastage. Infrastructural investments including upgrades to storage, transport, and ICT
systems are essential for boosting supply chain resilience. Workforce-focused interventions,
such as continuous capacity-building programs, strategic staff deployment, and retention
mechanisms, are recommended to strengthen the health supply chain at critical points.
Furthermore, policy advocacy and reform particularly conceming procurement, budget
utilization, and public-private partnerships are necessary to create an enabling environment

for long-term success.

Consequences: If effectively implemented within favorable contextual and intervening
conditions, these strategies are expected to yield a more resilient and efficient supply chain,
ensuring the timely, reliable, and equitable availability of essential health commodities.
Improved supply chain performance will directly enhance healthcare service delivery, reduce
resource wastage, and increase operational efficiency. This, in turn, will contribute to greater
staft’ satisfaction and professional engagement, creating a reinforcing cycle of performance
improvement. Ultimately, the model underscores that achieving sustainable improvements in
the health commodities supply cham requires integrated reforms across digital systems,
infrastructure, policy, financing, and human resources, all aimed at supporting better public

health outcomes in the health system.
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4.3.Health Commodities’ LMIS Performance

A grounded theory analysis. conducted using MAXQDA and structured within the Corbin
and Strauss (2015) paradigm framework, identified various codes, subcodes, and segments
that reveal the relationships between these factors (Aunex 2). The resulting coding model
visually maps these interconnections, emphasizing their collective impact on LMIS
performance, including health commodity access, wastage reduction, and overall health

service delivery outcomes (Figure 5).
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Figure 5: Code, Subcode and segments model for health commodities LMIS performance
using MAXQDA (MAXMAP) based on grounded theory method

The code cloud highlights key factors influencing Health Commodities LMIS performance,
based on grounded theory analysis. Central challenges include supply shortages, delivery
delays, high costs, poor data quality, and heavy workloads, compounded by infrastructure
issues like unreliable power and limited road and intemet access. Improvement areas involve
workforce development, better supervision and feedback, stronger data systems, integration,
and timely CBHI reimbursements. Strengths include effective reporting, system visibility,

EPSS support. and government commitment. Strategic priorities focus on increased funding,
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digitization, private sector involvement, and inventory optimization. Overall, enhancing
LMIS perfonmance requires robust supply systems, infrastructure upgrades, skilled personnel,
and digital tools (Figure 6).
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Figure 6 Code Cloud of Health Commodities LMIS Performance using MAXQDA
MAXMAP) based on grounded theory method

4.4. Conceptual Model for Health Commodities® LMIS

The conceptual model developed through grounded theory analysis, using the coding
paradigm framework of Corbmn and Strauss (2015), reveals key insights into the
implementation and performance of the LMIS. The model developed through this framework
positions LMIS performance as the central phenomenon, revealing a complex interplay of
causal. contextual, and itervening factors that mfluence it, and proposes strategies for

improvement and the achievement of desired outcomes (Iigure 7)
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Figure 7: Conceptual model for LMIS performance of health commodities based on grounded
theory method

Causal Conditions: The conceptual model developed in this study elucidates the
multifaceted challenges that undermine the performance of LMIS, which stem from a
complex interplay of systemic inadequacies. Central among these are suboptimal data
recording practices and the disjointed use of both manual and digital systems, which
collectively compromise the accuracy, completeness, and timeliness of supply chain data.
The lack of standardized LMIS tools and the inconsistent implementation of reporting
formats such as the RRF, HPMMR), and IFRR further contribute to data fragmentation and
reporting inefficiencies. These technical deficits are exacerbated by weak data governance
structures and underdeveloped data management frameworks. Moreover, significant human
resource constraints persist, characterized by limited capacity and msufficient training in both
general supply chain management and LMIS-specific competencies. Financial limitations,
particularly inadequate budgetary allocations for the procurement of LMIS tools, workforce
development, and digital infrastructure, further impede LMIS functionality. The fragmented
implementation of critical interventions including APTS, DTC and integrated digital
platforms reflects a broader lack of coherence in LMIS performance. Collectively, these
interrelated challenges create a structural fragility that severely limits the LMISs ability to

generate reliable and actionable data to support effective health supply chain management.
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Contextual Conditions: The model emphasizes that the performance of Logistics
Management Information Systems (LMIS) 1s influenced by a varety of contextual factors.
Infrastructural challenges, such as unreliable power supply. limited information and
communication technology (ICT) capacity, inadequate transportation networks, and
insufficient storage facilities, significantly impede the efficiency of LMIS. Geographic
maccessibility and the seasonal unavailability of roads further intensify these logistical
difficulties, especially in remote areas. In addition, broader security issues, including amued
conflict and public health emergencies such as epidemics and population displacement,
disrupt routine operations and divert essential resouwrces. The level of govemnment
commitment and the extent of stakeholder engagement are also critical in determining the
prioritization, funding, and long-term sustainability of LMIS initiatives. While support from
development partners contributes to system improvements, its inconsistency poses challenges

to maintaining steady progress.

Intervening Conditions: Several mediating factors influence how causal and contextual
challenges affect the outcomes of Logistics Management Information Systems (LMIS).
Workforce capacity, including the availability, competence, and retention of LMIS-trained
personnel, has a direct impact on system functionality. Ongoing knowledge gaps and
resistance to adopting new technologies hinder effective system use. Institutional support
often stemming from deeply rooted organizational cultures, limits the adoption of digital
tools. Inadequate supervision and the lack of regular performance feedback reduce
opportunities for continuous improvement and accountability. On the other hand, supportive
measures such as structured capacity-building programs, professional development
initiatives, and regular LMIS audits help improve adaptability, enhance data quality, and
strengthen overall system resilience.

Action/Interaction Strategies: To address these multifaceted challenges, a series of strategic
interventions has been highlighted by the model. A primary focus is the digitization and
integration of LMIS platforms (e.g., Dagu-2). which aim to standardize data collection and
reporting while providing real-time visibility into inventory levels. Investments in digital
infrastructure, including internet connectivity, hardware provision, and ICT traming, are
essential for effectively operationalizing these systems. The model also emphasizes the
importance of strengthening institutional support through increased budget allocations, robust

supervision frameworks, and enhanced stakeholder coordination. Workforce development
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strategies. including ongoing in-service training and professional mentorship, are essential for
bridging skills gaps and fostering a sense of ownership over LMIS processes. Additionally,
the model stresses the significance of embedding a culture of performance monitoring
through routine evaluations and feedback mechanisms, which are crucial for sustaining

reforms and institutionalizing best practices.

Consequences: If these strategic interventions are effectively implemented within supportive
contextual and intervening conditions, significant improvements in LMIS performance can be
expected. These improvements include enhanced data quality, increased transparency. and
better accountability throughout all levels of the health supply chain. Real-time, accurate data
will enable evidence-based decision-making, optimize resource allocation, and strengthen
service delivery. Ultimately, these outcomes are expected to mprove the availability and
accessibility of essential health commodities, thereby contributing to improved public health

outcomes and greater system resilience.
5. Discussion

This study presents a comprehensive exploration of the multifaceted challenges and strategic
pathways influencing the performance of the health commodities supply chain and its
embedded LMIS within the Ethiopian context, particularly in the Amhara Region. The
grounded theory approach, supported by MAXQDA analysis and framed within Corbin and
Strauss’s coding paradigm (2015), revealed interconnected systemic, contextual, and
operational factors that collectively hinder or facilitate effective health commodities™ LMIS
performance. The findings underscore systemic challenges as the central phenomenon
affecting supply chain performance, aligning with global insights that health supply chains
are mherently complex and vulnerable to fragmentation, inefficiencies, and resource
constraints (WHO, 2010; USAID, 2011; Khlie and Abouabdellah, 2016).

In Ethiopia, these systemic issues are exacerbated by low EPSS supply capacities, frequent
stockonts, and demand-supply misalignments, which are compounded by inefficiencies in
LMIS such as inaccurate reporting, manual data entry, and poor data visibility. These
challenges resonate with broader observations in low-income conntries where weak
integration and unreliable data systems undermine supply chain resilience (Annan and
Amagon, 2013; Yadav, 2015).
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Contextual factors, including limited budget allocations, bureaucratic procurement processes,
infrastructural deficits, and security threats, further deepen these systemic problems. Similar
structural issues have been documented across LMICs, where inadequate infrastructure and
governance hinder the deployment of digital solutions and effective supply chain
management (WHO, 2017; Chemonics International, 2021). Notably, the rising demand from
initiatives such as Community-Based Health Insurance (CBHI), without adequate and timely
financial reimbursements, places additional strain on the health system. This underscores the
urgent need for integrated policy reforms and sustainable resource mobilization (Ozawa et
al., 2019).

The study highlights several intervening factors such as underperforming LMIS performance,
shortages in skilled human resources, resistance to digital transformation, and fragmented
reporting systems that collectively imdermine the effectiveness of supply chain interventions.
These insights are consistent with existing research. which emphasizes the importance of
capacity building, digitalization, and strong institutional support in reinforcing health system
performance (PATH. 2010; Alemu er a/.. 2021).

The model’s strategic recommendations including LMIS digitalization, infrastructure
development, workforce capacity building, and policy reform align with global best practices
that promote integrated, technology-driven supply chains as a means to enhance health
system performance and improve health outcomes (Garcia-Alcaraz et al., 2017; WHO, 2017;
Gilbert ef al., 2020). Effective implementation of these strategies can lead to improved data
visibility, reduced wastage, fewer stockouts, and enhanced service delivery—outcomes that
are essential for advancing Universal Health Coverage (UHC) and achieving the Sustainable
Development Goals (SDGs) (WHO, 2017; Lugada er al.. 2022).

The findings reinforce the notion that health supply chain resilience depends on a holistic
approach that addresses infrastructural, human, and governance factors simultaneously. In the
realm of LMIS performance, the analysis reveals that poor data quality, infrastructure
deficits, and limited digital literacy significantly impair system functionality. These issues are
well-documented across LMICs, where manual and semi-automated systems ofien coexist
with digital platforms, leading to fragmentation and data mconsistencies (USAID Deliver,
2011; Taddesse, 2015; Alemu er a/., 2021). The importance of digitization is emphasized by
successful examples in Namibia and Tanzania, where integrated eLMIS platforms have
improved stock management and reduced stock-outs (Mabirizi er al., 2018; Gilbert ef al.,

20

191



2020). However. Ethiopia’s ongoing efforts to implement and integrate digital LMIS tools
face persistent challenges related to infrastructure, user capacity, and interoperability,
underscoring the need for a phased, context-sensitive digital transformation strategy (USAID
| DELIVER PROJECT, 2012; FMOH, 2016, 2024a).

The proposed conceptual models highlight that LMIS performance and supply chain
efficiency are contingent upon addressing systemic deficits through strategic interventions
digitization, capacity building, infrastructure development, and policy reforms. These models
resonate with the WHO''s health system framework, which advocates for strengthening health
information systems as a core component of resilient health systems (WHO, 2010,
MEASURE Evaluation, 2018b). Moreover, the emphasis on integrating LMIS within broader
health mnformation ecosystems aligns with global calls for mteroperability, data quality, and
governance to support evidence-based decision-making (Abouzahr and Boerma, 2005;
Richardson, 2006).

The evaluation of LMIS performance remains a critical gap identified in this study, echoing
broader concerns about the lack of standardized assessment frameworks in TMIC settings
(WHO, 2008; Greenwell and Salentine, 2018). Developing robust, context-specific
evaluation tools will be essential for benchmarking progress, guiding improvements, and
ensuring sustainability. Such frameworks should incorporate key performance indicators
including data quality, system availability, user satisfaction, and data use practices, as
recommended by global standards (USAID Deliver Project, 2008; MEASURE Evaluation,
2018a)

6. Conclusion and Recommendation

The conceptual model, developed through the grounded theory coding paradigm approach,
identifies key factors that influence the performance of the health commodities Logistics
Management Information System (LMIS) and its impact on the efficiency of the health
supply chain. It highlights both causal factors such as budget limitations, poor data quality,
inadequate workforce training, and challenges in LMIS implementation, as well as contextual
elements including government commitment, infrastructure constraints, public health
emergencies, and security issues. These interrelated challenges contribute to inefficiencies
within the LMIS, which subsequently affect the overall performance of the healthcare supply

chain.
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To address these barriers, the model recommends strategic interventions such as adopting
digital innovations, integrating LMIS platforms, strengthening workforce capacity, and
providing enhanced implementation support. Therefore, the model serves as a valuable
framework for assessing LMIS performance in Ethiopian healthcare facilities.

In conclusion, improving the functionality of LMIS and the performance of the health
commodity supply chain i healthcare facilities requires a holistic and integrated approach.
This includes combining technological advancements, infrastructure development, human
resource strengthening, and policy reforms. Strong governance, sustained funding. and active
stakeholder engagement are critical to achieving long-term success. Future research should
focus on validating the proposed model, developing standardized tools to assess LMIS
performance, and exploring context-appropriate digital solutions that can enhance system

responsiveness and service delivery outcomes.
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Annex 1t Coding igm for health supply chaln performance in public health facilities of Ambara Region, Mareh 2022 (Based on

Cothin and Strauss, 2015),
1% Level Concepts

Low supply fill rate from EPSS (10-50%)

Delayed delivery

Pushing of near expiry items

Frequent stockouts of essential and program medicines in EPSS
Tnconsistent supply versus demand

Poor availability of essential items

Reliance on private suppliers

Higher costs from private suppliers

Capacity of private suppliers

Seasonal fluctuations in availabiluy in private supplier

Limited budget for procurement

CBHI leading 10 increased demand for essential medicines

‘Timely CBHI reimbursement

[Exempted services reimbursement system

Challenges in meeting the medication needs of a growing population
Contnvous nflation of medicines price

Government policies to support and strengthen the supply chain

By it hindering timely supply of medicines

Political or bureaucratic bamriers for budget allocation
Tack of coordination between different levels of health authorities
Conflict and high number of TDPs
Absence of standardized infrastructures (storage, facilities)
ient space for di of
Poor organization of storage arcas
ges (comp internen

2" Level Categories High Level Categories Paradigm model
Dimensions

EPSS supply Capacity Supply System Causal Conditions
Challenges

Private Supplier Dependence

Budget allocation d igeting and Cond

Health Insurance System financing system

Macroeconomic 1ssues Govemment Policy snd  Contextual Conditions

Govemnment policy Regulation

Procurement law

Government commitment

Coordination

Security

Storage and Premsses C | Conditi

Equipment
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Challenges with electric power supply system

Challenges with transportation and rond access

‘The impact of termin and seasonal conditions

Completeness und accwacy of reports (2.8, RRF, IFRR, HPMMR )

Inconsistency in dats recording from different bealth facility units
Issues with accurately forecasting demond

Inaccurate reports

Avalability and usability of LMIS formats

Manual versus digital LMIS tools integration

Lack of digital leading 1o inefficience

Inconsistencies m timely reporting

Feedback issues between different levels of the health system

Periodic assessments and written feedback systems to ensure

accountability

Monitoring and evaluation of the supply chain

Regular ions and ions among

Regular discussions within DTC

Health SC workforce shortage

Sul Knowledge and skill gaps

Resistance to adopting new systeims.

G and of health SC

Hight staff turnover rate

Inads ivation and retention

Need for continuous training and capacity building

Limited training opportunities

Enhancing Data Management of the supply chan system

Minimize stockouts and Reduce Wastage

traming programs for stafl

Power supply

Road and transportation

Data quality 1ssues

LMIS implementation

Reporting  and  feedback

system

Monitoring and Evaluation

Statf deployment

Knowledge and skill gaps

Staff motivation and retention

Capacity building training

Digitalization

Implementing nventory

optimization

Workforce Development
30
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LMIS Pes I ng Cond
Health System support Interveming Conditions
Heath SC  Workforce  Infervening Conditions
deployment and

development

Improving Supply Chain = Actions/Intervenmng
efficiency Strategics



Implementing staff retention strategies
TUpgmding storage facilities
Improving wansportation Jogistics
Increase budget allocation and utilization
Strengthen public-private partnerships with suppliers
TIncreased availability of essential medicines leading to better patient
outcomes
Establishment of resilient supply chain syssem
Waste reduction and optimized resource usage
staff sati ion and i

e o F

Initiatives
Infrastructural Investments

Government  policy  and
Advocacy
Resilient supply chain

Operationai efficiency

31
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Annex 2: Coding Paradigm for LMIS performance in public health facilities of Amhara Region, March 2022 (Based on Corbin and
Strauss, 2015),

17 Level Concepts 2" Level Categories High Level Categories  Paradigm Model
Dimensions

Gaps in full implementation of IPLS LMIS related initintives LMIS Tmp g Causal C

APTS implementation

DIC functionality

Gaps in HOMIS (Digital LMIS) implementation Digital LMIS Implementation

Frequent interruption of digital LMIS
Absence of up-to-date data on availability and near-expiry
Utilization of both manual and digital LMIS toels
LMIS reposting channels Reporting Channel
Reporting to EPSS using RRF
Reproting to HFs using HPAMMR
Reporting of wnits using IFRR
Stadardization of LMIS 100ls LMIS tools Standardization
LMIS Formats supply system
LMIS format suppliers (WOHO., EPSS, NGOs)
Dependence on mannal sysiems
Inconsistency in manual LMIS Recording LMIS Recording Data Management and  Causal Couditions
Tiregular npdating of digital record-keeping Reporting
Iivegular nse and updating of stock card
Utilization of LMIS forms (Model 19, Model 22, RRF, HPMMR. and [FRR}
Inefficient management of LMIS forms
Negligence in updating logistics records
Challenges m data accusacy and legibility Data Quality
Data quality issues for IFFR and RRF
Tssues with data completeness
Variances in data quality across health facilitics
Errors in calenlation of manual TMIS
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Poor data management practices

Oceasional reporting delays leading to bullwhip effects Reporting System
Regular reporting system of IPLS

Tssues with completeness and timeliness of reports

I i bility of reporting formats (e.x., HPMMR. IFRR. RRF)

Recerving of reports with poor data quality

Interniptions i rece1ving repors

Regular reporting system from dispensaries and bealth posts

Maumal and digital reportmg system

Absence of dedicated budget for LMIS Budget Allocation Budgeting and Finance
Delay in budger allocation
High costs for LMIS tools printing Budget Constraint

Limitations in fimds from different sources
Low miemal revenue of healih facilities
Fmancial constramt for LMIS training
High cost of investment for digitalization

Insufficient warehouse and shelving Warehouse and Facility Infrastructure and
Inadequate famiture, pallets and equipment Infrastmcture Resources
Absence of well-standardized store and di i

Inconvenient location of store and dispensary

Shortege of rooms and space for LMIS activities

Absence of enough refrigemtors

Lack of clean water supply system Power and Water Supply
Power supply (backup generators. electricity access)

Frequent power intenuption

Road access for transportation Road and Transportation
Road inaccessibility during the ramy season Access
‘Transportation of donkeys and mules

Shortage of velicles for transportation

33
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Causal Conditions

Contextual
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ICT equipment for digitalization

Internat connectivity

Shortage of computers and pnaters

LMIS Formats supply system

LMIS recording 1o0ls mppiy

Conflicts in the northemn part of the country
National securiry threats due to conflicts
Increasing munber of public health emergencies
High number of IDPs in the country
Repurposing of (he supply chain sctivities fo emergencies
Partuers support for LMIS implementation

for LMIS di (policy and fimding)

Health facilities, Woredas and Zones involvement

Governments offices mvolvement in LMIS activity (EPSS, RHB. NGOs)

Staff commitment and performance

Negligence in accurate record-Keeping

Gaps in professional responsibility

Shortage of skilled supply cham personnel

High tumover of tramed professionals

High Workload due to staff shortage

Attinude and resistant to change of the workforce

Poor attention for digitization

Skill gaps on data management

Knowledge and skill gaps for initiating the digitized system
3 in data

Resistance to change among stafl’

Low inp 1 P

Continuons training gaps on [PLS, LMIS and APTS

Ongoing tining in LMIS utilization

ICT and LMIS Equipment

Couflxts Secunty Situatton
Public Health Emergencies
Stakebolders Support Stakebolders and
< C i G Support
Commitment and Supply Chain Workforce
Professicnalism
Workforce Shortage
Workforce Attitude
Knowledge and Skill Waorkforce Capacity and
Resistance for Practice
Traming
34

205

Contextual
Conditions

Contextual
Conditions

Intervening
Conditions

Intervening
Conditions



Training gap on digitalization of LMIS

Marginalized capacity-building traming in the conatry
Peniodic supportive supervision system.

Lack of continuous supportive supervision and suppart
Regular discussions with supply chain professionals

Quarterly integrated supportive supervision for HFs and units

Systems for feedback mechamsm

feedback and ication from higher levels

Absence of written feedback system from higher levels
Feedbuck system fo dispensary units

Feedback system through relegram chammel

Feedback system via phone calls

Auditing system for LMIS

Quarterly evalustion system for supply chain and LMIS performance
Regnlar evalnation supply chain and LMIS data quality by DTC
Menitoring system for LMIS data quakity and pesformence

Tmplementation of digital LMIS
L 1o and unpl 1on of LMIS Technol
Implementation of new LMIS digital tools
Full anplementation of Dagu-2
Digitalization of IPLS and APTS
Tovestment on digital infrastructure
Tocrease access to computers and intemet
Tuvest on digtal literscy of supply chain experts
Swundardization of digital system across health system
LMIS end-to-end data visibility
Of LMIS across the health system

Supportive Supervision Health System Support

Feedback System

LMIS Auditing & Evaluation

Digtal Innovation and ILMIS &

Infervening
Conditions

Actions/

Implementation Digitization

Tnvestment on Digitalization

Integiation & End to End
Visibility

Sustainability of digital system
Ownership of the digital LMIS

Sustainability and Ownership

i3
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LMIS Impl

Sn-m;tha: the digital systams in the healthcare system
Improve LMIS interoperability in the healthcare system
\ & Feodback

ppostive Supe:
Improving budget allocation
Subancing G & lders Support
I on physical
Strengthen workforce deployment
Stwengthen workforce capacity building
Data driven accountability and ransparency i the supply chain system
Improved efficiency i data management and reporting
Access to real-time end to end data visibility m supply cham
Access to quality data for infonmed decision-making in supply chain

Strengthen LMIS Strengthen LMIS Actions/Interaction
Implementation Implementation & Strategies
Support
Strengthen Support and
Fancing
Strengthen Workforce
Development
Data Driven A Tmproved Health C i\
and Transparency Supply Chamn (Outcomes)
Realtime Quality data for Performance
decision making
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Annexes

Annex 1:Data Abstraction Checklist for Health Facilities

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCE
SCHOOL OF PHRMACY
DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY

Instruction: Fill the following information through asking the respective persons (CEO/head,
pharmacy coordinator, SCM coordinator and store manager), with observation and reviewing
the relevant documents. Write in the provided space or tick the answer in the box or circle it (49)

Section |I: General Information

SN | Items

Response

Code of Health Facility

Name of health facility

1
2
3. GPS location (10 Meters Accuracy)
4 Level of Health Facility

1) Health Center

2) Primary Hospital
3) General Hospital
4) Referral Hospital

5. Location of health facility (for Health centers) 1) Urban
2) Rural

6. Address 1) Zone
2) Woreda/Town admin.
3) Kebele

7. Estimated distance (KM) 1) From Woreda Town KM
2) From Zonal Town KM
3) From Regional City KM
4) From EPSA Branch KM

8. When was the facility started providing the

service? Month / EC

9. Number of lower level HFs in the health tier

system?

Section I1: Health Commodities’ SCM and LMIS related information
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10. | Number of Dispensary Units (DUs) or
pharmacies in the facility? (all DUs using IFRR)
11. | Number of pharmacy personnel in the facility?
12. | Is there assigned coordinator for Pharmaceutical | 1) Yes
supply chain management (SCM) activities? 2) No
(check letter)
13. | Number of pharmacy professionals assigned for
SCM activities? (including store manager)
14. | Number of finance officers dedicated for
pharmaceutical transaction? (accountants,
cashiers)
15. | How does EPSA deliver pharmaceuticals to 1) Direct delivery by EPSA
your facility? 2) Through the WoHO
16. | Which EPSA hub responsible for suppling to 1) Bahirdar
your facility? 2) Gondar
3) Addis Ababa
17. | Which pharmacy service and SCM initiatives 1) IPLS paper-based
are implemented in the facility? 2) HCMIS (DAGU-1&DAGU-2)
3) DHIS-2
(Observation of units for service initiation, 4) APTS
check the relevant documents (minutes, reports, 5) ART Service
charts) and eLMIS database in the respective 6) Clinical Pharmacy
units) 7) DIS
8) DTC
9) SCM M&E
10) Others, Specify
18. | If HCMIS is initiated, when did the facility start
using HCMIS? Month _ / E.C
19. | IfHCMIS is initiated in the facility, which 1) DAGU-1
version is implemented? 2) DAGU-2
20. | If HCMIS is initiated in the facility, what is the 1) Pre-HCMIS
phase of implementation? 2) Intensive
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3) Matured

21. | Is the facility using IFRR? (check reports in 1) Yes
store) 2) No
22. | If No for Q21, Why?
(Ask store manager)
(Skip to Q30)
23. | If yes for Q21, which DUs use the IFRR form 1) OPD dispensary
for reporting and requesting? 2) ART Pharmacy
3) MCH
(Multiple reponses are possible, check sample 4) Laboratory
reports from the main store) 5) TB clinic
6) In Patient Pharmacy
7) Chronic Pharmacy
8) Emergency Pharmacy
9) X-ray
10) Others, Specify
24. | Which IFRR schedule is used by the facility? 1) IPLS (2 Weeks)
2) Facility Specific Schedule
25. | If the answer for Q24 is No-2, write the IFRR
schedule period in days? Days
26. | Isthe IFRR schedule posted? (check in store) 1) Yes
2) No
27. | How many of the DUs sent IFRR as per the
schedule? (Check the recent IFRR reports for all
DUs in the store)
28. | How many of the DUs sent IFRR after the
schedule? (Check the recent IFRR reports for all
DUs in the store)
29. | For how many DUs did the store manager

resupply within two days of request?
(check Model 22 and recent IFRR)
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30.

If they did not supply within two days for any
DU, why?
(Ask store manager)

31.

How many health posts submitted HPMRR to
the HC in recent report period of the visit?

(check recent reports in the store)

32.

How many health posts submitted HPMRR to
HCs as before the deadline? (Count reports
submitted until 5" day after RP)

33. | For whom you are sending Health Commodities | 1) WoHo
LMIS reports? (e.g. RRF, VRF) 2) ZHD
3) RHB
(Multiple reponses are possible) 4) FMOH
5) EPSA
6) Others, Specify
34. | Is the facility using RRF? (check reports in 1) Yes
store) 2) No
35. | If No for Q 34, Why?

(Ask store manager/SCM Coordinator)

36.

In how many RRFs did the Facility
Head/CEO/CCO sign/approve on the report
before sent to EPSA or WoHO)?

(Check the signature of CEO/CCO/Head from

six recent RRF reports)

37. | How many emergency orders were placed in the
last one year?
38. | What were the possible reasons for placing

emergency orders?

39.

What type of transportation is most often used

to send reports to higher levels?

(Multiple Responses possible)

1) Facility vehicle
2) Public transportation
3) Private vehicle

4) Motorcycle
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5) Bicycle
6) On foot
7) Postal Service

8) Digital (Email, Telegram)

9) Other (specify)

40. | Is there electric power supply system for the 1) Yes 2) No
facility?
41. | Is there electric power interruption at the day of 1) Yes 2) No
visit?
42. | Does the facility have backup generator? 1) Yes 2) No
43. | How many functional desktop/laptop computers
are available for health commodities supply
chain  management? (DUs, Store, SCM
coordinator, ART, etc)
44, | Does the facility allocate budget for renovation, 1) Yes
printing, and duplication of LMIS formats (BC, 2) No
IFRR, RRF, patient profile form, cash and credit
sales tickets, registration books)?
45. | Does the facility have internet connectivity? 1) Yes 2) No
46. | If yes for Q45, which form of internet 1) Fixed (Broad band)
connectivity is available? 2) Wireless (CDMA, etc)
3) Data
47. | If yes for Q45, does the pharmacy department 1) Yes
have internet connectivity? 2) No
48. | Did you get supportive supervision for 1) Yes
SCM/LMIS 2) No
related issues in the last one year?
49, | If yes for Q 48, when did you get 1) Within the last month
the recent supportive supervision? 2) (1-3] Months ago
3) (3-6] months ago
4) >6 Months ago
5) Did not remember
50. | If yes for 48, who provided the 1) WoHo
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most recent supportive 2) ZHD
supervision? 3) RHB
4) FMOH
(Multiple responses possible) 5) Partners, Specify
6) Integrated, specify
51. | What has improved as a result of
the most recent supportive
supervision?
52. | Did you get periodic written feedback about 1) Yes
SCM/LMIS 2) No
reports from higher levels?
(check recent feedback)
53. | If yes for Q52, who provided the most recent 1) WoHo
periodic feedback? 2) ZHD
3) RHB
4) FMOH
5) Partners, Specify
6) Integrated, Specify
54. | When did you receive the 1) within the last month
recent feedback about LMIS report? 2) (1-3] Months ago
3) (3-6] months ago
4) >6 Months ago
5) Did not remember
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Section I11: Availability and Utilization status of LMIS formats
Instruction: Check the following LMIS formats from the respective units and estimate supply of each
form as per their consumption rate. Tick in the box (47)

Facilities LMIS forms Availa Not Utilization | Supply for | Supply
Category ble Availabl | Status 3+months | for<3
e months

Bin Card (BC)

Stock Record Card (SRC)

All Facilities | HPMRR

Internal Facility Report and Requisition (IFRR)

Facility Report and Re-supply (RRF)
Model 19/H

Model 22/H

IPLS SOP

Physical Inventory form
Job Aids for IPLS (laminated)
HCMIS Guide/Manual

Quantification tool (Updated)

M&E tool

APTS Sites Cash sales Ticket

Free registration book

Credit registration book

Daily summery sheet

Monthly sales summery sheet
Model 19/H
Model 22/H

Sales ticket pad register

Cash delivery note

ART Sites ART Monthly Activity report format
EDT

Patient tracking chart
ART Register
Patient Information Sheet (PIS)
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Section 1V: Data Quality

1. Inventory Accuracy Rate (only for available items in the stock)
Instruction: The data will be filled in the main store. Bin card Update; Check the last transaction for the respective items from
Model 19 and Model 22). Consider only those items managed by the facility
Inventory Discrepancy Rate/ltem = Balance on bin card record-Stock on hand X 100%

stock on hand
Inventory Accuracy Rate/Facility = Number of items with stock record count equals physical count X 100
Total number of items counted

SN | List of Tracer Drugs Is the bin Bin Card | Electronic | Physical | Remark
Card Balance Record Count
Updated? (Manual) Balance
(Yes=1; (HCMIS)
No=0)
1. Medroxyprogesterone Injection
2. Oxytocine injection

3. Amoxicillin 250 mg dispersible tab

4. ORS+/- Zinc sulphate

5. RHZE/RH

6. | TDF/3TC/DTG (of 90)

7. Arthmeter + Lumfanthrine tablet (6x4)

2. Timeliness of RRF reporting rate

Instruction;
Take six recent RRF for programs items supplied to Health Centers. RRF sent date is the date mentioned on the
cover letter. Write the date in Ethiopian Calendar. (February 1, 2021, January 30, 2022)

Is the date | Does the Does the Does the Does the
of report | facility sent the | facility sent the | facility sent the | facility sent the
clearly report on the report on the report on the report on the

SN Reporting Period indicated? | schedule (until | schedule (until | schedule (After | schedule (After
5" day after 10" day after | 10-15™ day 15" day after
(Yes=1; RP) RP) after RP) RP)

No=0) (Yes=1; No=0) | (Yes=1; No=0) | (Yes=1; No=0) | (Yes=1; No=0)

Reporting Period 1

Reporting Period 2

Reporting Period 3

Reporting Period 4

Reporting Period 5

o |0 s W e

Reporting Period 6
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3. Completeness of RRF

Instruction: Take one recent RRF report sent by Health center/Hospital and check whether the cells are properly
filled or not (If Yes=1; N0=0)

S | List of tracer medicines Beginnin | Quantity | Ending | Calculated Maximum | Quantity to
N g balance | received | Balance | consumption | quantity reach max
1. | Medroxyprogesterone Injection

2. | Oxytocine injection

3. | Amoxicillin 250 mg dispersible tab

4. | ORS+/- Zinc sulphate

5. | RHZE/RH

6. | TDF/3TC/DTG (of 90)

7. | Arthmeter + Lumfanthrine tablet

(6x4)

4. Legality of RRF

Instruction: Take six recent RRF for programs items supplied by Health centers/Hospitals. Check whether the

legal information is completed or not. (February 1, 2021, January 30, 2022)

SN

Reporting
Period

Report indicate
completed by
(Yes=1; No=0)

Report indicate
approved by
(Yes=1; No=0)

Report indicate
verified by
(Yes=1; No=0)

Report has
official stamp
(Yes=1; No=0)

Cover Letter
(Yes=1;No=0)

Report 1

Report 2

Report 3

Report 4

Report 5

o g B WD

Report 6
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5. Legibility of RRF

Instruction: Take six recent RRF for program items supplied to Health centers/Hospitals. Review the
legibility of all program RRFs. RRF is legible if the handwritings or prints on the RRF are clear
enough to read. (February 1, 2021, January 30, 2022)

SN | Reporting RRF is legible Number of Number of Total number of
Period (Yes=1; No=0) legible items illegible items items
1. | Reportl

Report 2

Report 3

Report 5

2
3
4. | Report 4
5
6

Report 6

6. Pharmaceutical SCM M& E Reporting for HC, and Hospitals

Instruction;
Take all Pharmaceutical M& E quarterly report in the last one-year. HC should send to WoHO from 21-23;
Hospitals to RHB from 21-23. Write the date in Ethiopian Calendar.

(February 1, 2021, January 30, 2022)

Date sent to Higher Send report on time
S.N. Reporting Period Level (E C)g (Check period in the instruction)
' (If Yes, put 1, if not, put 0)
1 Reporting Period 1
2. Reporting Period 2
3. Reporting Period 3
a. Reporting Period 4
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7. Accuracy of RRF

Instruction:
- If“Calculated Consumption” indicated on the RRF is correctly matched with to the verified CC (recalculating the CC as “SOH at
the start of the period + Quantity Received — SOH at the end of the period +/- Loss/Adj.
- If “Maximum Stock Quantity” indicated on the RRF is the same with the verified “Maximum Stock Quantity” (recalculating the
“Maximum Stock Quantity” as CC X 2).

- If “Quantity Ordered” indicated on the RRF is same as the verified “Quantity Ordered” (recalculating the “Quantity Ordered” as

“Maximum Stock Quantity”

— “Ending Balance in the Store”).

(if it is accurate use ’M” , If not “ X»)

Verifie | Verifie | Verifie | Valid Valid Ending Loss DOS of
d d d beginning quantity balance fadjust | RRF Vs
List of tracer calcula | maxim | quantit | balance of | received of | of RRF ment DOS of
medicines ted um y thisRP of | RRF Vs Vs of RRF | bin card
consu | stock | needed | RRF Vs quantity Ending Vs bin
S mption | quantit | to Ending received of | balance card
N indicat |y reach balance of | STV/mode | of bin
edon |indicat | maxon | pervious 119 card
RRF ed on RRF RRF report
RRF
1.| Medroxyprogesterone
inj.
2.| Oxytocine inj
3.| Amoxicillin 250 mg
dispersible tab
4.| ORS+/- Zinc sulphate
5.| RHZE/RH
6.| TDF/3TC/DTG
7.| Arthmeter +

Lumfanthrine tablet
(6x4)
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Section V: Digital LMIS Tools Evaluation Checklist (HCMIS)

Instruction: Fill the following questions with observing the HCMIS/DAGU and asking the
responsible professional managing the database in the store.

SN | Question Items Responses
1. | Which version of the HCMIS installed in |1) DAGU-1
the facility? 2) DAGU-2
2. | Who installed the HCMIS? 1) Government (WoHO/RHB/EPSS)
2) In-house by the facility
3) Partners, Specify
3. | Number of computers dedicated for
LMIS?
4. | What is the power source for digital | 1) Electric Power
LMIS? 2) Solar Power
(Multiple responses possible) 3) Generator
5. | Is there power backup in case of power | 1) Yes 2) No
interruption? (check the generator)
6. | Type of internet service? 1) Broadband
2) Wifi
3) Data
7. | Where is the HCMIS installed? (Multiple | 1) Dispensary
response possible) 2) Main Store
3) SCM Case team
4) Pharmacy Head
5) CEO/CCO 6) Others, Specify
8. | Is it functional at the time of visit? | 1) Dispensary
(check in each unit, Multiple response | 2) Main Store
possible) 3) SCM Case team
4) Pharmacy Head
5) CEO/CCO 6) Others, Specify
9. | Do you have data back up system for | 1) Yes 2) No
HCMIS?
10. | Is IFRR integrated with HCMIS? 1) Yes 2) No
11. | Is RRF integrated with HCMIS? 1) Yes 2) No
12. | Is Model 19/H integrated with HCMIS? | 1) Yes 2) No
13. | Is Model 22/H integrated with HCMIS? | 1) Yes 2) No
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Annex 2:Data Abstraction and Observation Checklist for Vaccine LMIS
(Rural Facilities Version)
ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCE
SCHOOL OF PHRMACY
DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY

Instruction: Visit the vaccine room and discuss with the cold chain officer for respective
documents review

Section I: General Information

SN | Questions Responses
1. | Code of Health Facility
2. | Level of Health Facility 1)HC

2) Primary Hospital
3) General Hospital
4) Referral Hospital

3. | Location of Health Facility 1) Urban

2) Rural
4. | Is the facility has dedicated vaccine store? 1) Yes 2) No
5. | Does the facility have dedicated EPI focal? 2) Yes 2) No
6. | Type of LMIS tool using for vaccine management? 1) Manual

2) Digital HCMIS (DAGU, mBirna)
3) Others, Specify

7. | Is/DAGU/mBirana functional at the time of visit? 1) Yes

(check it from mobile or computer dashboard) 2) No

8. | How many of the functional refrigerators have
functional temperature monitoring device? out of

9. | For every functional refrigerator with functional
temperature monitoring device, how many have a

temperature recording chart? out of

10. | Did they regularly record temperature in the 1) Yes
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temperature monitoring sheet? (Check at least a one-
month record, twice in a day)

2) No

Section 11: Availability and Utilization Status of VVaccines LMIS formats

Instruction: Check availability of forms either in hard copy or soft copy (word, Excel, database)

SN

LMIS forms for Vaccine Available

management

Not
Available

Utilizatio
n status

Have
supply for
3+months

Supply
for<3
months

Vaccine forecasting tool (Paper, Word,
Excel)

Vaccine Request Form (VRF)

Model 19/H

Model 22/H

Bin Card

Stock Card

Vaccine stock management ledger book

Physical Inventory form

©| ®© NI @ g &~ W N

Temperature Monitoring chart

=
e

VRF accuracy analysis tool (Excel,

word)

11.

Monthly Vaccine wastage monitoring

form

12.

Damaged vaccines registration format

(excel, word)

13.

Immunization self-assessment tool

14.

Temperature monitoring data summery

sheet

15.

Vaccine Management KPI Monthly

Report Template

Section I11: Data Quality
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1. Inventory Accuracy Rate for Vaccines

Instruction: The data will be filled in the vaccine room/cold room. Check the last transaction for the respective items
from Model 19 and Model 22 to fill the updating status. Then, check the last ledger balance with the physical count
and electronic balance)
Inventory Discrepancy Rate/ltem = Balance on ledger record-Stock on hand X 100%

stock on hand
Inventory Accuracy Rate/Facility = Number of items with stock record count equals physical count X 100

Total number of items counted

NB: Check the Ledger book update status one day in advance before the day of visit. Then, the physical
count=Count in the stock+ Quantity in the tally sheet at the day of visit.

SN | List of Vaccines Is ledger book | Is the ledger Ledger Electronic Physical
available? book Updated? | book Record Balance | Count
(Yes=1; No=0) | (Yes=1; No=0) | Balance (HCMIS)
(Manual)
1 Penta
2 BCG
3 Measles

2. Timeliness of VRF reports

Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take twelve recent VRF for
vaccines sent by Health center/Hospital to WHO/ZHD/EPSA. VRF sent date is the reporting date written on VRF. Write
the date in Ethiopian Calendar.

Is the date of If Yes, write Does the facility sent Does the facility sent
SN report clearly the Approval/ | the report as per the the report after the
' Reporting Period indicated? Verified date? | WHO/ZHD/EPSS report schedule of
Schedule? WHO/ZHD/EPSS?
(Yes=1; No=0) (Yes=1; No=0) (Yes=1; No=0)

Reporting Period 1

7.
8. Reporting Period 2
9 Reporting Period 3

10. | Reporting Period 4

11. | Reporting Period 5

12. | Reporting Period 6

13. | Reporting Period 7

14. | Reporting Period 8

15. | Reporting Period 9

16. | Reporting Period 10

17. | Reporting Period 11

18. | Reporting Period 12

3. Completeness of VRF reports
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Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take one recent VRF
report sent by Health center/Hospital to WHO/ZHD/EPSS. Check whether the cells are properly filled or not (If

Yes=1; N0=0)
SN | List of Beginning Quantity | Used/ Doses Current | (125%) Request | Vaccination
vaccines balance received | dispatched | discarde | balance | Requiremen | ed s givenin
to lower d t for next amount | the last
level supply supply
period period
1. |BCG
2. | Measles
3. | Penta
4, | Td
5 | PCV13
6. | Rota
7. IPV
8. | BOPV

4. Accuracy of VRF reports

Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take one recent VRF
report sent by Health center/Hospital to WHO/ZHD/EPSS. Check whether the calculation is right or not (refer
the beginning balance, ending balance, consumption data from Bin card, STV, Model 19 and Model 22) (If

Yes=1; NO=0)
Balance at | Receiving | Used/disp | Doses Current | 125% Request | Vaccinati
List of the during the | atchedto | discarded | balance | Requiremen | ed ons given
SN Vacci beginning | last SP lower t for next amount | in the last
accines level supply supply
period period
1. BCG
2. Measles
3. Penta
4. |Td
5. PCV 13
6. Rota
7. 1PV
8. BOPV
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Annex 3:Data Abstraction and Observation Checklist for Vaccine LMIS
(Urban Facilities VVersion)
ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCE
SCHOOL OF PHRMACY
DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY

Instruction: Visit the vaccine room and discuss with the cold chain officer for respective
documents review

Section I: General Information

SN | Questions Responses
1. | Code of Health Facility
2. | Level of Health Facility 5)HC

6) Primary Hospital
7) General Hospital
8) Referral Hospital

3. | Location of Health Facility 3) Urban

4) Rural
4. | Is the facility has dedicated vaccine store? 3) Yes 2) No
5. | Does the facility have dedicated EPI focal? 4) Yes 2) No
6. | Type of LMIS tool using for vaccine management? 4) Manual

5) Digital HCMIS (DAGU, mBirna)
6) Others, Specify

7. | Is/IDAGU/mBirana functional at the time of visit? 3) Yes
(check it from mobile or computer dashboard) 4) No

8. | How many of the functional refrigerators have
functional temperature monitoring device? out of

9. | For every functional refrigerator with functional
temperature monitoring device, how many have a

temperature recording chart? out of
10. | Did they regularly record temperature in the 3) Yes
temperature monitoring sheet? (Check at least a one- 4) No

month record, twice in a day)
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Section I1: Availability and Utilization Status of VVaccines LMIS formats

Instruction: Check availability of forms either in hard copy or soft copy (word, Excel, database)

SN

LMIS forms for Vaccine management

Available

Not
Available

Utilization
status

Have
supply for
3+months

Supply
for<3
months

Vaccine forecasting tool (Paper, Word,
Excel)

Vaccine Request Form (VRF)

Model 19/H

Model 22/H

Bin Card

Stock Card

Vaccine stock management ledger book

Physical Inventory form

©| © NI @ g &~ W N

Temperature Monitoring chart

=
e

VREF accuracy analysis tool (Excel,

word)

11.

Monthly Vaccine wastage monitoring

form

12.

Damaged vaccines registration format

(excel, word)

13.

Immunization self-assessment tool

14.

Temperature monitoring data summery

sheet

15.

Vaccine Management KPI Monthly
Report Template
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Section 111: Data Quality

1. Inventory Accuracy Rate for Vaccines

Instruction: The data will be filled in the vaccine room/cold room. Check the last transaction for the respective items
from Model 19 and Model 22 to fill the updating status. Then, check the last ledger balance with the physical count

and electronic balance)

Inventory Discrepancy Rate/ltem = Balance on ledger record-Stock on hand X 100%

NB: Check the Ledger book update status one day in advance before the day of visit. Then, the physical

stock on hand
Inventory Accuracy Rate/Facility = Number of items with stock record count equals physical count X 100

Total number of items counted

count=Count in the stock+ Quantity in the tally sheet at the day of visit.

SN | List of Vaccines Is ledger book | Is the ledger Ledger Electronic Physical
available? book Updated? | book Record Balance | Count
(Yes=1; No=0) | (Yes=1; No=0) | Balance (HCMIS)
(Manual)
1. | Penta
2. |BCG

3. Measles

2. Timeliness of VRF reports

Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take twelve recent VRF for
vaccines sent by Health center/Hospital to WHO/ZHD/EPSA. VRF sent date is the reporting date written on VRF. Write

the date in Ethiopian Calendar.

SN Reporting Period

Is the date of
report clearly
indicated?

(Yes=1; No=0)

If Yes, write
the Approval/
Verified date?

Does the facility sent
the report as per the
WHO/ZHD/EPSS
Schedule?

(Yes=1; No=0)

Does the facility sent
the report after the
report schedule of
WHO/ZHD/EPSS?
(Yes=1; No=0)

Reporting Period 1

Reporting Period 2

Reporting Period 3

Reporting Period 4

Reporting Period 5

Reporting Period 6

Reporting Period 7

Reporting Period 8

OO No|gO W N

Reporting Period 9

[EEN
©

Reporting Period 10

[N
[N

Reporting Period 11

[N
A

Reporting Period 12
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3. Completeness of VRF reports

Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take one recent
VRF report sent by Health center/Hospital to WHO/ZHD/EPSS. Check whether the cells are properly filled or

not (If Yes=1; N0O=0)

List of
vaccines

SN

Beginning
balance

Quantity
received

Los/Adj
ustment

Ending
Balance

Calculated
consumption

Maximum
stock

Quantity
needed to
(Requested
amount)

BCG

Measles

Penta

Td

PCV 13

Rota

1PV

@ N o g A W N

BOPV

4. Accuracy of VRF reports

Instruction; First ask the VRF report schedule agreement from the cold chain officer. Then, take one recent
VRF report sent by Health center/Hospital to WHO/ZHD/EPSS. Check whether the calculation is right or not
(refer the beginning balance, ending balance, consumption data from Bin card, STV, Model 19 and Model 22)

(If Yes=1; NO=0)

SN | List of
vaccines

Beginning
balance

Quantity
received

Los/Adj
ustment

Ending
Balance

Calculated
consumption

Maximum
stock

Quantity
needed to
(Requested
amount)

BCG

Measles

Penta

Td

PCV 13

Rota

1PV

® N o g A W N

BOPV
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Annex 4: Interviewer-Administered Questionnaire

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PHRMACY
DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY
Section I: Information Sheet and Informed Consent

Purpose: This is a PhD study project designed to evaluate and develop hypothetical model for
the health commodities’ logistics management information system (LMIS) in the public health
system of Amhara region. Your answers are very important and valuable to the successful
completion of this study project. Please be honest in filling this questionnaire, as it will be used
for improving the pharmaceutical supply chain system in the public sector. This survey will be
confidential, anonymous, and data will be analyzed in aggregates. You are free to withdraw from
the study at any time and if you are not comfortable in any one of the questions, you are not
obliged to answer it.
If you have any question, please do not hesitate to ask the data collectors or research
coordinators at any time. If you need any further clarification, you can contact the following
persons;

1) Zelalem Tilahun Mekonen (Principal Investigator); +251923109539

2) Prof. Teferi Gedif Fenta (Primary Project Supervisor): +251911684854

3) IRB, CHS-AAU: chs.irb@aau.edu.et or +251913001278
Are you clear with all the information stated above? (If no, discuss with the study coordinators/ data collectors)
If yes, would you please be willing to take part in this research project?

1) If yes, please proceed to the next section

2) If no, please kindly return the questionnaire for data collectors

Thank you

Participants;

e Pharmacy heads

e SCM coordinators (assigned)

e SCM officers (assigned)

e OPD pharmacy coordinator (assigned)
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e Store Manager (Pharmaceutical Store)

Section I1: Socio-demographic Characteristics of Respondents

Instruction: Write your responses the provided space or circle the choice/tick in the box (M)

SN | Questions Responses
1. | Code of the Health Facility
2 Name of the Health facility
3. | Level of the Health Facility 1) Health Center
2) Primary
3) General Hospital
4) Referral Hospital
4. | Location of the HF (for Health 1) Urban
centers only) 2) Rural
5. | Gender of the respondent 1) Male 2) Female
6. | Age
Years
7. | Profession 1) Pharmacy
2) Nurse
3) Other, Specify
8. | Highest level of education 1) PhD
2) MSc
3) Bachelor Degree
4) Diploma
5) Certificate
6) Others, Specify
9. | Current working department/unit
10. | Current position/ responsibility in  |1) Pharmacy head
the facility? 2) SCM coordinator
3) SCM officer
4) OPD pharmacy coordinator
5) Store Manager
6) Others, Specify
11. | Total work experience in the

current position?

Years
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12. | Total experience in health
commaodities supply chain related
activities? Years
13. | Total work experience?
Years
Section I11: Implementation of Health Commodities LMIS
14. | Have you ever participated in LMIS | 1)  Yes 2) No
activities?
15. | If yes for Q14, in what activity did | 1) LMIS formats development
you participate? 2) Stock recording
(Multiple answers possible) 3) Report Preparation
4) Providing LMIS training (In-service/on job)
5) Others, Specify
16. | Have you ever participated in the 1) HPMRR
following LMIS recordings? 2) IFRR
(Multiple answers possible) 3) RRF
4) Bin card
5) Stock Card
6) Model 19&22/H
7) HCMIS (Dagu)
8) DHIS-2
9) SCM M& E
10) Others, Specify
17. | Have ever participated in any of the | Type of Training Modality of Training

following trainings?

(Fill modality of the training on the
space provided, Multiple response
possible)

Pre-Service=1

In-service (On-job training) =2
In-service (Off-job training) =3

RMNCH=Reproductive, Maternal,
Neonatal, and Child Health
PMIS=Pharmaceutical
Management Information system

IPLS

HCMIS (Dagu-1)
HCMIS (Dagu-2)
APTS
Quantification
SCM M&E
PMIS

8) Inventory Management
9) ART

10) RMNCH

11) Vaccine SCM
12) Others, Specify

1)
2)
3)
4)
5)
6)
7)
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Section IV: Level of agreement of SCM Personnel on LMIS performance items

SDA=Strongly Disagree; DA=Disagree; N=Neutral; SA=Strongly Agree; IK=I don’t Know

Level of Agreement

SN | Items related with LMIS implementation SDA | DA N A SA | IK
@ 6 @6 |0

We have a well standardized logistics management information

t (LMIS) system in our facility

2. | There is no LMIS formats availability problem
The number of professionals is enough to manage LMIS

> activities

4. | There is high staff commitment for LMIS activities

5. | The health system structure is appropriate for LMIS activities
Lack of infrastructure (warehouse space, internet, power,

6. | computer, furniture, etc) highly affects the LMIS performance in
our facility

7. | Our LMIS is user-friendly (easily understandable to perform)

8. | Our LMIS is appropriate for stock analysis

9. | Our LMIS is appropriate for generating reports

10. | We have a good LMIS data backup system in our facility

11. | We have a sustainable LMIS system in our facility

12. | The LMIS in our facility is well digitalized

1 There is efficient end to end LMIS data visibility in the health
system (From lower level heath facility up to MOH and EPSA)

14. | Distance highly attributes to delay in reporting

5. Transport problem highly attributes to the LMIS report
timeliness (delay)

16, Work load highly attributes to data quality of the LMIS in our
facility

17. | SCM officer’s knowledge affects LMIS performance
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18. | The different LMIS platforms are integrated with each other

The different LMIS platforms are interoperable (able to
19.
exchange information) with other Health information systems

20. | The facility’s leadership is supportive for LMIS activities

Professionals working on health commodities SCM got enough

2t LMIS training to effectively discharge their duties

- The facility is getting regular supportive supervision from the
respective higher levels (WoHo/ZHD/RHB/EPSS/MOH)

- The facility is getting regular feedback from the respective

higher levels (WoHo/ZHD/RHB/EPSS/MOH)

Section VV: SCM Professionals rating on LMIS performance

Items

Very
poor

@)

Poor

O]

Good

®)

Very
good
(4)

Exce

llent

Q)

IK
©)

How do you rate the overall health commaodities supply chain

performance (hint; data quality, availability, wastage rate,

1.
inventory accuracy, forecasting accuracy) in the public health
system in general?

) How do you rate the overall health commodities supply chain

performance in your facility?

How do you rate the overall Health commodities’ LMIS
3. | performance (hint; data quality, reporting, availability of LMIS

formats, digitalization, etc) in the public health system?

How do you rate the overall Health commodities’ LMIS
performance in your facility?

5. | How do you rate the level of IPLS implementation?

How do you rate the improvement of LMIS performance due to
IPLS initiation?

How do you rate the improvement of LMIS performance due to

Quick-Win initiative? (for Hospitals only)
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How do you rate the improvement of LMIS performance due to

5 APTS initiative?
How do you rate the improvement of LMIS performance due to

> Dagu-2 (HCMIS) implementation?

10. | How do you rate the staff commitment for LMIS activities

n How do you rate the level of management support for LMIS
activities

b How do you rate the level of supportive supervision from higher
levels? (WoHo, ZHD, RHB, EPSA, FMOH)

13. | How do your rate the different LMIS integration with each other
How do you rate the LMIS interoperability (data sharing) with

14. | other health information systems (eg. DHIS-2, Dagu, SCM
M&E...)

15 How is the infrastructure (Internet, Power, computer, stationary,

transport....) to perform LMIS activities?

1. How is the current pharmaceutical supply chain and LMIS performance in the public health

system?

2. How is the performance of logistics management information system (LMIS) in your

institution? (Availability of LMIS tools, Data Quality, Reporting and Feedback,

Digitalization, Infrastructure, etc)
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3. What are the main challenges related with the logistics management information system
(LMIS) in your facility?

4. What do you suggest to improve health commodities’ logistics management information

system (LMIS) of the public health system?

Additional points you want to add;
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Section VI: Frequency of use and Level of agreement to data items used in the

LMIS
Instruction: The following table is about the different essential logistics data items used in LMIS
of IPLS. Please provide your judgment based on your experience. The table has three parts; 1)
Frequency of use; 2) Level of importance of included data items; 3) Additional data items to be

included.
Logistics Essential data items | How often these data items are Level of agreement for the
Records used in logistics recordings in your | importance of these data item in
facili the LMIS forms
Nev | Sometim | Often | Always | SDA | DA N A SA
er es
1. Bin Card | Name of HF
Product Name
Strength
Data Items Dosage form
:cllready . Unit of issue
mcluqled In Maximum Stock
the Bin card Level
EOP
AMC
Date
Rec/issue doc. No
Received
Issued
Loss/adj
Balance
Batch No
Expiry date
Remarks
Suggest data
items to be
included in
the Bin Card
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Logistics Essential data items | How often these data items are Level of agreement for
Records used in logistics recordings in your | inclusion of these data item in
facility the recording forms
Neve | Sometim | Mostly | Alway | SD |DA | N A SA
r es S A
2. Stock Name of HF
Record  I"proguct Name
Card Strength
Dosage form
Data Items Unit qf Issue
Location
already MSL
included in
the Stock EQP
Record card |-AMC
Date
Rec/issue doc. No
Received
Issued
Loss/adj
Balance
Price
Expiry date
Remarks

Suggest data
items to be
included in
the Stock
Record card

236




Logistics Essential data items How often these data items are Level of agreement for
Records used in logistics recordings in inclusion of these data item in
your facility the recording forms
Never | Sometim | Ofte | Alway |SD |DA |N A SA
es n S A
3. IFRR Name dispensing unit
Reporting period
From/To
Data Items Max. stock Level
glready . Item name
included in Beg. Balance
the IFRR Qty. Received
Loss/adj
Ending Balance
Calculated consumption
Max. Qty
Qty to reach Max
Quantity ordered
Qty to be supplied
Remarks
Completed by
Approved by
Suggest data
items to be
included in
the IFRR
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Logistics | Essential data items | How often these data items are Level of agreement for inclusion
Records used in logistics recordings in of these data item in the
your facility recording forms
Nev | Someti | Often | Always | SDA | DA | N A SA
er | mes
4. RRF Name of HF
Region/Zone/Woreda
Suppling Branch
Data Items From/to
glready .| Maximum stock level
included in
the RRF EOP —
Product description
Unit of Issue
Beg. Balance
Qty. received
Los/ad]
Ending Balance-DU
Ending Balance-Store
Calculated
Consumption
Days out of stock
Max. stock quantity
Qty to reach Max
Qty ordered
Completed/verified/ap
proved
Products < 6 month
shelf life
Suggest
data items
to be
included in
the RRF
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Logistics Essential data items How often these data items are Level of agreement for
Records used in logistics recordings in inclusion of these data item in
your facility the recording forms
Nev | Someti Often | Alway | SDA | DA N [A SA
er mes s
5. Model Ser. No
22/H Receiver name...for...
Date
SN
Data Items Drug code
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already Description of ‘ ‘ ‘ ‘ ‘
Loéis"cic's Essential data items How often these data items are Level of agreement for
Records used in logistics recordings in your | inclusion of these data item in
facility the recording forms
Nev | Sometim | Often | Always | SD | DA |N A SA
er es A
6. Model detahrelling price
19/H RetiVeiHame. ..from
frRigIE&MbPrice
§Nm Total
Data Items Beliyesaeby
Received by
Suggest data
items to be
included in
the Model
22/H
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already

Description of drugs,...

included in Unit

the Model Quantity received

19/H Unit Cost
Total cost
Batch No
Expiry Date
Sum Total
Delivered by
Received by
Remarks

Suggest data

items to be

included in

the Model

19/H

Section VII: Level of convenience of Manual LMIS tools; Please rate each of LMIS tool based on their convivence as the

per the listed criteria in each column (1=Very less convenient; 2=Less Convenient 3= Medium; 4=convenient 5= Very

convenient)

S | LMIS Easy to Included | Easy to Easy for | Uniformity | Consistenc | Less prone | Itis not
N | Tools fill data all aggregate reportin | across units/ | y with to error time
(User essential | data for g facilities other during consuming
Friendly) | data analysis (1-5) records recording
(1-5) items (1-5) (1-5) (1-5) (1-5) (1-5)
(1-5)
1. | BinCard
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Stock Card

IFRR

RRF

Model 19/H

Model 22/H

Section VIII: Level of convenience of Digital LMIS tools (only for digitalized tools); Please rate each of LMIS tool based on

their convivence as the per the listed criteria in each column (1=Very less convenient; 2=Less Convenient 3= Medium;
4=convenient 5= Very convenient)

S | LMIS Easy to | Included | Easy to Easy Uniform | Consiste | Less Itisnot | Interope | Integrat
N | Tools fill data | all aggregate | for ity ncy with | prone to time rability ion to
(User essential | data for reporti | across other error consum | with other e-
Friendl | data analysis ng units/ records | during ing othere- | LMIS
y) items (1-5) facilities | (1-5) recording | (1-5) LMIS (1-5)
1-5) | (1-5) (1-5) (1-5) (1-5) (1-5)
1. | BinCard
2. | Stock
Card
3. | IFRR
4. | RRF
5. | Model
19/H
6. | Model
22/H

Annex 5: Interviewer-Administered Questionnaire for EPI Focal Persons

Section I: Information Sheet and Informed Consent

ADDIS ABABA UNIVERSITY

COLLEGE OF HEALTH SCIENCE
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Purpose: This a PhD study project designed to evaluate and develop hypothetical model for the
health commodities’ logistics management information system (LMIS) in the public health
system of Amhara region. Your answers are very important and valuable to the successful
completion of this study project. Please be honest in filling this questionnaire, as it will be used
for improving the pharmaceutical supply chain system in the public sector. This survey will be
confidential, anonymous, and data will be analyzed in aggregates. Even you are free to withdraw

from the study at any time and there will not be any undue influence on you.

If you have any question, please do not hesitate to ask the data collectors or research
coordinators at any time. If you need any further clarification, you can contact the following
persons;

4) Zelalem Tilahun (Principal Investigator); +251923109539

5) Prof. Teferi Gedif (Primary Project Supervisor): +251911684854

6) IRB, CHS-AAU: chs.irb@aau.edu.et or +251913001278
Are you clear with all the information stated in the informed const section? (If no, discuss with
the study coordinators/ data collectors)
If yes, would you please be willing to take part in this research project?

3) If yes, please proceed to the next section

4) If No, please kindly return the questionnaire for data collectors

Thank you

Section I1I: Socio-demographic Characteristics of Respondents

Instruction: Please encircle your answer or write on the provided space or tick in the box (M)

Question Items Answers

Code of Health Facility

Name of Health facility
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3. | Level of Health Facility 1) HC

2) Primary Hospital
3) General Hospital
4) Referral Hospital

4. | Location of Health Facility 1) Urban

2) Rural

5. | Gender 1) Male 2) Female

6. | Age Years

7. | Profession 1) Pharmacy

2) Health Officer
3) Nurse

4) Midwifery

5) Other, Specify

8. | Highest level of education 1) Msc

2) Bachelor Degree
3) Diploma

4) Certificate

5) Others, Specify

9. | Experience as EPI focal?

Years

10. Did you get periodic written feedback about vaccines SCM/LMIS reports from higher

levels?

1)
2)

Yes
No

11. If yes for Q28, who provided the most recent periodic feedback?

1) WoHo
2) ZHD
3) RHB
4) FMOH

5) Partners,
Specify

6) Integrated,

specify
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12. When did you receive the recent feedback about vaccines LMIS report? 1) within the last month
2) (1-3] Months ago

3) (3-6] months ago

4) >6 Months ago

5) Did not remember

1) What are the major challenges you faced related to Vaccine LMIS?

2) What are your recommendations to improve the Vaccine LMIS?

Additional points you want to add;

Thank you for the participation

Annex 6:Interviewer-Administered Questionnaire for Digital LMIS End
Users
ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PHRMACY
DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY
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Section I: Information Sheet and Informed Consent

Purpose: This is a PhD study project designed to evaluate and develop hypothetical model for
the health commodities’ logistics management information system (LMIS) in the public health
system of Amhara region. Your answers are very important and valuable to the successful
completion of this study project. Please be honest in filling this questionnaire, as it will be used
for improving the pharmaceutical supply chain system in the public sector. This survey will be
confidential, anonymous, and data will be analyzed in aggregates. You are free to withdraw from
the study at any time and if you are not comfortable in any one of the questions, you are not
obliged to answer it.
If you have any question, please do not hesitate to ask the data collectors or research
coordinators at any time. If you need any further clarification, you can contact the following
persons;

1) Zelalem Tilahun Mekonen (Principal Investigator); +251923109539

2) Prof. Teferi Gedif Fenta (Primary Project Supervisor): +251911684854

3) IRB, CHS-AAU: chs.irb@aau.edu.et or +251913001278
Are you clear with all the information stated above? (If no, discuss with the study coordinators/
data collectors)
If yes, would you please be willing to take part in this research project?

1) If yes, please proceed to the next section

2) If no, please kindly return the questionnaire for data collectors

Thank you

Participants;

e Store Managers managing HCMIS (Dagu)

Section I1: Frequency of use for HCMIS features

Instruction: First, request the store managers to open the HCMIS database. Then, ask the store
manager who is frequently managing the database. (If it is managed by more than one person,
allow them to fill independently)
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SN | HCMIS Functions Frequency of use
Never used Sometimes | Mostly | Always

Activity Log

1. | Receive

2. | Issue

3. | Loss/Adjustment

4. | Inventory

5. | Stock transfer
Transactions

6. | Model 19/H

7. | Model 22/H
Reports

8. | Stock status report

9. | Overstocked items report

10. | Stock out items report

11. | Near expiry report

12. | Expired products report

13. | HPMRR

14. | IFRR

15. | RRF

16. | Loss /adjustment report

17. | Cost report

18. | Consumption trend

19. | Consumption trend by dispensary
unit report

20. | AMC report

21. | Price only report

22. | Electronic bin card
Summary reports

23. | Stock status summary

24. | Receive summary

25. | Issue summary

26. | Stock expiry summary

27. | Cost summary

What functions do you
recommend for addition?

Section I11: Level of agreement for HCMIS related items

Instruction: Ask the store manager who is frequently managing the HCMIS database to fill this
section (If it is managed by more than one person, allow them to fill independently)

(SDA=Strongly Disagree;
applicable)

DA=Disagree;

N=Neutral;
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SN

Items

Level of Agreement

SDA |DA [N A SA
1) @ [3) (@) (5
Database features

1. | The software is adaptable to the working environment

2. | The HCMIS contains all the features necessary for health
commodities LMIS

3. The HCMIS benefit/improve the facility LMIS performance

4. The HCMIS allows to add/delete new/outdated items

5. It is important to add other features helping for facilitating the
transaction and reporting process

6. | The system set up can prevent, detect and mitigate the effects of
viruses, malware, and other harmful software?

7. | The system access is limited to only authorized individuals?

8. | There is no risk of the data being corrupted

9. Error in transaction carried out by the system doesn’t result
performance problem

10. | The database has data back-up system that ensures easier retrieval
of data

11. | HCMIS can work offline

12. | HCMIS is compatible with the available computers and Windows
operating systems

13. | The system able to provide the information in an electronic format
(e.g. Excel file, .csv, pdf, xml or similar data extract)?

14. | The system able to produce an accurate and complete copy of the
records on paper

15. | The data base is linked with higher levels (WoHO, ZHD, RHB,
EPSA, FMOH) (real time end to end data visibility)

16. | The database system is easily interoperable (share data) to other
health information systems (eg. DHIS-2) and other logistics
information systems

17. | The database has approval system for pharmaceutical transactions
Health system support

18. | There is regular support from higher government offices (FMOH,
EPSA, RHB, ZHD, WOHO)

19. | There is regular technical support from partners

20. | There is regular monitoring and evaluation system
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21. | The reported data is interpreted and used by suppliers for logistics
activates like forecasting, distribution, procurement
Organizational support

22. | The information system fits well with the working practices

23. | Management involvement and support is in place

24. | Computer is always accessible for operating the HCMIS

25. | The capacity of the computer is enough to export reports from the
HCMIS

26. | Access to electricity supply doesn’t interrupt the ongoing job by
the HCMIS

27. | The computer has access to reliable internet connectivity

28. | The data presented is always used by decision makers

29. | There is enough qualified staff who can manage the operation of
the system

30. | The data is useful for activities and reporting

31. | The cost of maintaining and upgrading the system is low
Technical skills

32. | Staffs are efficient to use the HCMIS

33. | Staffs have good computer skill to use HCMIS

34. | Staffs are well trained and have enough knowledge to operate the
HCMIS

35. | The computer has access to reliable internet connectivity

36. | The data presented is always used by decision makers

37. | There is enough qualified staff who can manage the operation of
the system

38. | The data is useful for activities and reporting

39. | The cost of maintaining and upgrading the system is low
Technical skills

40. | Staffs are efficient to use the HCMIS

41. | Staffs have good computer skill to use HCMIS

42. | Staffs are well trained and have enough knowledge to operate the

HCMIS

1. What are the major challenges you faced related with HCMIS (DAGU Version)?
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2. What are your recommendations to improve the HCMIS?

Thank you very much!

Annex 7:Guiding Questions for Key Informant Interview

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCE
SCHOOL OF PHRMACY
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DEPARTMENT OF PHARMCEUTICS AND SOCIAL PHARMACY

Section I: Information Sheet

I want to thank you for being volunteer for the interview. My name is ...............c..coceene. |
am working with the research team of the Department of Pharmaceutics and Social Pharmacy,
School of Pharmacy, Addis Ababa University. First of all, let me introduce about the study and

its purpose;

Introduction: Access to essential medicines is part of the human right and it is one of the most
pressing global health issues. Hence, the supply chain system of health commodities is a critical
component of the health care system. The effectiveness of the major activities in the health
supply chain management system are highly dependent on the availability of real-time
information. A well-designed logistics management information system (LMIS) is a critical
backbone for the healthcare system.

Purpose: This is a PhD study project designed to evaluate and develop hypothetical model for
the health commodities’ logistics management information system (LMIS) in the public health
system of Amhara region. Assessing the strengths and weaknesses of the current health
commodities’ logistics management information systems implemented in Amhara Region, and
identifying the common requirements/features for LMIS and developing a hypothetical model
will have a paramount importance for Amhara Regional Health Bureau, Federal Ministry of
Health, EPSS and other stakeholders working in the area. The findings from this study will be

used as an input to improve the LMIS system in public health facilities.

Section 11: Informed Consent form
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Dear participant, in this specific interview, we will focus on logistics management information
system related issues. The discussion may take half an hour. All responses will be kept
confidential. This means we will ensure that any information we include in our report does not
identify you as the respondent. The data will be analyzed in aggregate. Remember, you don’t
have to talk about anything you don’t want to and you may withdraw from the interview at any

time. Are you willing to participate in this interview? Yes _ No [
Can I get your consent to audio record the interview?  Yes No
If yes, the interview will be continued

List of Key informants;
e Hospital CEQ/CCO/ HC Head
e Pharmacy Head
e Woreda SCM Coordinator
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AgN ANNRLACAL
Pms ALTH hAS
e4CN TIUCT Nt
P4CMNLELANGT P NAA 4CM, 87C 0
NEA L NA DT PIVE 36
N & eagp N $ATMEe R Ao +& fPLE NAPSTU AAMagAU: :

NAUF AT hagh ANN RLACAL P4&CTN *IUCE N+T OAD hAd
P4CTNRLANT PARA 4CTN & TCHITAF P G F MY JC ANG AP NG T O
NPLTP NAMT £T I+ GAMT AT A SCIAFUE

aNe: YLDt ALY PUR 0RYLFTF +RLATF PANGR NPT AT e AhA ALY
NAATRSE BLETNMI°ANLAL NPF P MG F8ET AT& 7@ : NOVPRIR P MG
ANEF APCNT ATAAT ANTBEC NMIR AT NP P MG NCST TPFCT @AM
AT&T @ PMF INTTFAPCNTATAAT ANTERC OMFTH T+ N DS FPT FOTyy F
NA@PO¥E ACYT AL NABT P+mAY 1@ : NATINM P+Phl P ABAtHN
POYEANTBRC ACYTAMT ATAIATACYEPT PECN AMTH Y O -

P9k AT LU PGt TEERNT PANTE 894 ¥ 4P U4 AUPT P 15+ Pq
GAMNATY. NAA POM Nt MF +La9t AR PADY P ABN+LNN PO E AN+BEC
NCYT am gm 95 Nagk NaY A% R8N ¢ ABNthN POVE ANTBRC NCYT aHLq
T ALY NATY M NCSFT PA@Y PABANLHhA PO¥E AN+8RC NCY*H
M NeT ENASE NG HI P ARENENN P OYE ANT8SRC NCYT ANLCHTT ONP +9
AN PAENLAN POV E AN+TBLC NCYT A L& ANAA M NCT AMT T N+C*E
ARFEXP Y1 F ARCNT AANTST NHCS A4 NAZCA ANAT het+d
M P LR PA: : PHU ™+ OMFT NAWT A+ +29% PADY P ABNLNN POV E
ANTBEC NCYF ATRAA AT L INT &MdToh:

NEA 1I: £PLHTH+PONMR 4P $6

P+hNe +AFLTIE NHYU MTF NTHLT PA-TMLS P 99+l @ P SN thN
POYE AN+TSLC NCYTT NHINN+ P P +1g R8T AL Y O PA-TMER TR
Wt ACANYT 2FAA: + AUAPHAFEPT TN MEPT - P +MNe § a2 2UIRAPF
MMEOFNAT+E L7CT PO+t TE PAAANTT T+ ALALIS TRF § ¢
MR P T ONMPA T 2 TFTCPTRLAFTT TIC TFTC A LMNENPHIT
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ATEU9° g+ @RLF NIPTMm9® wot AeCmD ¥t AT L9 A TNAA

ATDEAT: :

NG+ AN +E L PLT T PF? UYAP  A)hBEAULYD
PA-TMLRT NETY ATHL O L PETFITFATFAAL? U)AP
TAFE DL PLT NUF ORLEIPAUR/ §-2TBIPLP DA A: :

Section I11: Background information of the key informants

2. Working Institution

Location: Zone City/Town
Age in years
Sex Male [ Female
Profession

Highest level of education

Total Work experience

© N o g &~ ©w

Current position in the institution

9. Work experience in the current position

Section 1V: Guiding questions for interview

A )R LEA LD

Woreda

1. How is the current pharmaceutical supply chain performance in your institution /Woreda?

2. How is the performance of logistics management information system (LMIS) in your

institution/Woreda?
e Availability of LMIS tools
e Data Quality
e Reporting and Feedback
e Digitalization

e Infrastructure

3. What are the strengths and weaknesses of health commodities’ logistics management

information systems implemented in your facility/Woreda?

4. What are the main challenges related with the logistics management information system of the

public health system?
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5. What do you suggest to improve health commodities’ logistics management information
system of the public health system?
6. Is there anything you would like to add?

Thank you for your time and cooperation

Ethical Approval Letters

255



e ]

ARNO AN ELCAAL:
n 4C°70, /0 Addis Ababa University School of Pharmacy
fhthd Sila. by=t

Ethical Review Committee

+7
Date January 31, 2022

EPC ) ;
Ref No. ERB/SOP/399/14/2022

To: Zelalem Tilahun Mekonen
School of Pharmacy

Re: Ethical Clearance

It is to be recalled that you submitted a research proposal entitled “Performance Evaluation and
Hypothetical Model Development for Health Commodities’ Logistics Management

Information System (LLMIS): The Case of Amhara Region, Ethiopia”. The committee
thoroughly reviewed the proposal based on its operational guidelines and found that it fulfills all

the ethical requirements stipulated in the guidelines. This is, therefore, to inform you that the
proposal is ethically approved for implementation.

‘With best regards,

_C%
» O
k" Ape
School of Pharmacy S
College of Health Sciences
Addis Ababa University

Tann <hn TOACT
B 002511560212 B 1178 Telex: 21205 Fax: 00251{11)1558566 Cable: AAUNIV
——

256



Scanned by CamScanner

257



Scanned by CamScanner

258



Addis Ababa University
ARN ANN RLACA L

N&CTIN +/0F School of Pharmacy
P4CTINLENNT NAA 4CTMN, Department of Pharmaceutics
T9°UCT hed and Social Pharmacy
FY el 29 4% 2014 4.9
Date
T 4-C/N1:0N/276/14/2022
Ref.No
AR UNEANN WG ATl

F4R: TONCT Lavhhd

Ah8N AN RLACAA MG AZS0 bAE N4C7T0. T9°0CT M- ¢35 Govd CONA WS
AEDINA kAT 4CPI0, FET69° CONET 874 (LhT4) 1214 ST el NAAT®
PAUy oohy’y “Performance Evaluation and Hypothetical Model Development for Health
Commuodities’ Logistics Management Information System(LMIS): the Case of Amhara
Region,Ethiopia™ N7T.A CoN NA“Té AN 079775 Covy 0T G &1 AL TG
AT WTEFT @) DAGLLA-T0AGTTE QA AdLAL®S TG LLLINT- 13
NV AINGPAT: Ae®IC TINEIC 0ETT AP FLCTT WA PRA DA
KGenO 7SN (AL AN RLICAL mS AR DA TPNY-9I0C an(C7Yd CR
(Institutional Review Board) Y9 4-+7 TCEZUA fOL40T  LAN4N (Protocol No:
007/22/SoP) W'I. +£2UN)

oohdagee o
B2 2

St

hedcer ncry (200

\/ CXFCOINSANNG OAN 40970,

2 ¢ TAUCT A NG
" +251118697102 >4 1176 HANN 4hh AT
Telex: 21205 Fax: 00251 (11)1558566 Cable: AAUNIV

259



