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Abstract 

More than two billion people globally are infected or at risk of infections by neglected tropical diseases 

(NTDs). NTDs are infectious diseases that have historically received limited focus from global 

governments and health organizations for decades and principally affect the world’s poorest people—

causing disfigurement, disability, and blindness, which contribute to continuing the cycle of poverty. 

Preventive chemotherapy (PC) is one of primary NTD program strategies and entails the administration 

of medicines to entire at-risk populations to treat NTDs, with 1.144 billion people requiring PC treatment 

for at least one NTD in 2018. The World Health Organization (WHO) coordinates public-private 

partnerships programs that contribute billions of donated PC medicines annually through mass drug 

administration (MDA) campaigns, with large-scale medicine donations from major pharmaceutical 

companies. Between 2006 and 2018, over 1,300 shipments consisting of nearly 11.5 billion medicine 

donations were supplied to 108 recipient countries.   

In addition to the considerable volumes involved, the supply chain to deliver donated PC medicines is 

complex due to the many stakeholders and partnerships participating, as well as challenging because 

the logistics are further complicated by delivery to remote destinations in developing countries. As MDA 

campaigns involve treating hundreds of thousands to millions of patients in endemic regions within 

entire countries over the course of days or weeks, close coordination and timing of medicine delivery is 

critical. Inefficiencies caused by fragmented data systems and limited transparency on supply chain 

performance further challenge the ability to identify shipment issues and explore the root cause of the 

issues. Prior to 2016, delivery was performing below standards, lagging as much as 40% below the WHO 

target of 80% on-time delivery. These delays result in wasted medicine donations, increased program 

costs, delayed MDAs, or sometimes even completely missed MDAs. 

In September 2016, an online supply chain performance measurement system (SCPMS), “NTDeliver,” 

was launched by the NTD Supply Chain Forum (a public-private partnership focused on managing and 

improving the PC donation supply chain) to enhance supply chain performance and information 

transparency and thereby make it easier to identify and address performance issues. The intention of 

the system was to contribute to performance improvement in the supply chain metrics, but without a 

robust review of the performance after the SCPMS implementation, it would be unknown if the system 

successfully met its intention. The aim of this research was to empirically assess whether and how the 

SCPMS improved NTD supply chain performance, in particular on-time delivery to central medical stores. 

Secondary data was extracted from the SCPMS that covers over 1,300 shipments for four critical 

medicine donations delivered to over 100 countries. Statistical regression models were applied to assess 

impact on performance, comparing historical data before and after the implementation of the SCPMS.  

The results suggest information sharing had a positive impact on three performance indicators: 

purchase order timeliness, arrival timeliness, and—most importantly—delivery timeliness. The analysis 

indicates purchase order timeliness and arrival timeliness were strong predictors of delivery timeliness 

and that the information sharing had a positive, moderating impact on these performance indicators. 

The analysis also suggests information sharing has more substantial positive impact on performance 

when the information is made publicly accessible and is focused towards country program managers. 
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Three variables indicated such an increased positive impact when the data is publicly shared: shipment 

timeliness, arrival timeliness, and delivery timeliness. However, the information sharing appears to have 

a negative impact on upstream, country-driven performance indicators, with a negative impact on 

regional WHO clearance of medicine applications and a negative impact on forecasting variance.  

The research findings confirm that a “private sector solution” such as information sharing through a 

SCPMS appears to have a positive impact even when applied to humanitarian logistics in a non-profit 

context, in which the product supplied has limited commercial value. While there are many studies on 

supply chain performance in the private sector, there is little empirical evidence on the impact of 

information sharing in humanitarian supply chains. The research reported here addresses this gap in 

knowledge while also contributing to practice by supporting the WHO, pharmaceutical companies, and 

implementing countries to manage the supply chain more effectively by increasing understanding of 

leveraging information to drive performance. The findings support that performance measurement 

coupled with information transparency leads to measurable supply chain improvements. Given the large 

scale of medicine volumes and the large number of people requiring these medicines, the research 

implications have the potential to provide incremental improvements to global health programs 

affecting the health of tens, if not hundreds, of millions of people. More broadly, the research supports 

investment in information sharing in humanitarian supply chains and data transparency with staff 

managing shipment logistics in-country. 
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Chapter 1: Introduction  

1.1 Background and thesis motivation  

Neglected Tropical Diseases (NTDs) are infectious diseases that have historically received limited 

attention from global governments and health organizations for decades, with more than two billion 

people globally infected or at risk of infections (Hotez, 2015). NTDs principally affect the world’s  poorest  

people—perpetuating the cycle of poverty by causing disfigurement, disability, and blindness that 

prevent afflicted individuals from leading productive lives (Hotez, 2015; Mitra & Mawson, 2017; 

Wainwright et al., 2019). This varied group of twenty disabling diseases (Table 1) present in 149 

countries with tropical and subtropical conditions cause as many as 350,000 deaths annually and 

contribute to long-term disability and economic disadvantages to those already in poverty (Wainwright 

et al., 2019). The 2015 data collected by the World Health Organization (WHO) on the global burden of 

NTDs calculates 25,135.59 thousand disability-adjusted life years (DALYs) for 14 of the 20 NTDs, 

signifying the sum of the years of life lost and years of life lived with the disability (World Health 

Organization [WHO], 2015).  

 

Table 1: Descriptions of neglected tropical diseases. Adapted from “Neglected tropical diseases – 
Summary,” by World Health Organization, 2020a.  

Neglected Tropical Disease  Description 
Buruli ulcer  A debilitating mycobacterial skin infection causing severe destruction of the skin, 

bone and soft tissue. 
Chagas disease  A life-threatening illness transmitted to humans through contact with vector 

insects (triatomine bugs), ingestion of contaminated food, infected blood 
transfusions, congenital transmission, organ transplantation or laboratory 
accidents. 

Dengue A mosquito-borne infection causing flu-like illness that may develop into severe 
dengue and cause lethal complications. 

Dracunculiasis (guinea-
worm disease) 

A nematode infection transmitted exclusively by drinking-water contaminated with 
parasite-infected water fleas. 

Echinococcosis Infection caused by the larval stages of tapeworms forming pathogenic cysts in 
humans and transmitted when ingesting eggs most commonly shed in feces of dogs 
and wild animals. 

Foodborne trematodiases Infection acquired by consuming fish, vegetables and crustaceans contaminated 
with larval parasites; clonorchiasis, opisthorchiasis and fascioliasis are the main 
diseases. 

Human African 
trypanosomiasis (sleeping 
sickness) 

A parasitic infection spread by the bites of tsetse flies that is almost 100% fatal 
without prompt diagnosis and treatment to prevent the parasites invading the 
central nervous system. 

Leishmaniases Disease transmitted through the bites of infected female sandflies that in its most 
severe (visceral) form attacks the internal organs and in its most prevalent 
(cutaneous) form causes face ulcers, disfiguring scars and disability. 

Leprosy  A complex disease caused by infection mainly of the skin, peripheral nerves, 
mucosa of the upper respiratory tract and eyes. 

Lymphatic filariasis Infection transmitted by mosquitoes causing abnormal enlargement of limbs and 
genitals from adult worms inhabiting and reproducing in the lymphatic system. 
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A prominent multi-sector, global strategy for NTDs started with the WHO "Roadmap to 

Implementation," published in 2012; the initiative established a plan for the control, elimination and 

eradication of 17 NTDs by 2020 (Savioli & Daumerie, 2012). This roadmap raised the need for increased 

donations and financial commitments, in addition to more coordinated data management systems 

tracking disease-specific coverage to achieve the ambitious targets. Private sector (along with 

complementary partners, such as financial donors and non-governmental organizations) followed suit 

with the “London Declaration” later in 2012, pledging support to control, eliminate, and/or eradicate ten 

of the NTDs in the roadmap by 2020 through measures such as scaling up existing donation programs, 

regular progress monitoring, and assuring adequate financial funding (Uniting to Combat NTDs, 2012).  

In support of these efforts, the WHO coordinates public-private partnership programs that provide 

treatments to more than one billion people annually through mass drug administration (MDA) campaigns 

with large-scale donations of medicines from major pharmaceutical companies (Uniting to Combat 

Neglected Tropical Diseases, 2015). Preventive chemotherapy (PC) is a form of treatment distributed to 

entire at-risk populations through such MDAs to prevent transmission of NTDs, with 1.144 billion people 

Neglected Tropical Disease  Description 
Mycetoma  A chronic, progressively destructive inflammatory skin disease which usually affects 

the lower limbs. Infection is thought to be caused by the inoculation, through a 
thorn prick or skin damage, of fungi or bacteria into the subcutaneous tissue. 

Onchocerciasis (river 
blindness) 

Infection transmitted by the bite of infected blackflies causing severe itching and 
eye lesions as the adult worm produces larvae and leading to visual impairment 
and permanent blindness. 

Rabies  A preventable viral disease transmitted to humans through the bites of infected 
dogs that is invariably fatal once symptoms develop. 

Scabies and other 
ectoparasites 

A parasitic infestation caused by Sarcoptes scabiei var hominis. The microscopic 
mite burrows into the skin and lays eggs, eventually triggering a host immune 
response that leads to intense itching and rash. Scabies infestation may be 
complicated by bacterial infection, leading to the development of skin sores that, in 
turn, may lead to the development of more serious consequences such as 
septicaemia, heart disease and chronic kidney disease. 

Schistosomiasis Trematode infections transmitted when larval forms released by freshwater snails 
penetrate human skin during contact with infested water. 

Snakebite envenoming A potentially life-threatening disease caused by toxins in the bite of a venomous 
snake. Envenoming can also be caused by having venom sprayed into the eyes by 
certain species of snakes that have the ability to spit venom as a defense measure. 

Soil-transmitted 
helminthiasis 

Nematode infections transmitted through soil contaminated by human feces 
causing anemia, vitamin A deficiency, stunted growth, malnutrition, intestinal 
obstruction and impaired development. 

Taeniasis and 
neurocysticercosis 

An infection caused by adult tapeworms in human intestines; cysticercosis results 
when humans ingest tapeworm eggs that develop as larvae in tissues. 

Trachoma  A chlamydial infection transmitted through direct contact with infectious eye or 
nasal discharge, or through indirect contact with unsafe living conditions and 
hygiene practices, which left untreated causes irreversible corneal opacities and 
blindness. 

Yaws  A chronic bacterial infection affecting mainly the skin and bone. 
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requiring PC medicines for at least one NTD in 2018 (WHO, 2020d). MDAs are comprised of single-dose 

of one or more medicines, once or twice-a-year treatment regimens at the community level, and involve 

large public-private partnerships that bring together a wealth of stakeholders (Linehan, 2011). There are 

three diseases treated by donated PC medicines through these MDAs supported through public-private 

partnerships that combined comprise a large portion of the total NTD burden, with over 10,000 

thousand DALYS: soil-transmitted helminthiasis (4443.47 thousand DALYs), schistosomiasis (3513.85 

thousand DALYs), and lymphatic filariasis (2070.85 thousand DALYS) (WHO, 2015). Between 2006 and 

2018, over 1,300 shipments of approximately 11.5 billion donated PC medicines towards programs for 

these three key diseases were supplied to 108 recipient countries. These MDAs are largely what makes 

NTD donations the world’s largest public health medicine donation program (Uniting to Combat 

Neglected Tropical Diseases, 2015). MDA campaigns require considerable coordination as they typically 

involve treating hundreds of thousands to millions of patients in endemic regions within entire countries 

over the course of merely days or weeks. 

A closer look at the details for MDA programs in Kenya provides insight on the complexity and magnitude of 

this program management. The MDA in Kenya is referred to as a “Deworming Day,” a designated day for a 

given county in which teachers administer deworming medicine donations to children in schools within 

program coverage areas (Kenyan Ministry of Education, Science and Technology, 2012). Leading up to 

this day, there is a series of meetings and trainings designed to engage and organize all the needed 

stakeholders: 1) county planning and sensitization meetings, 2) sub-county training, and 3) teacher 

training (Kenyan Ministry of Education, Science and Technology, 2012). Once all stakeholders are 

engaged and trained, the teachers are then prepared to administer the medicine donations by the MDA 

“Deworming Day” to millions of children in over 11,000 schools across Kenya and fill in monitoring forms  

to capture treatment data. Representatives from the Ministry of Health and the Ministry of Education 

also attend to provide any needed support to teachers. 

The scale of these MDAs is significant: the 2013-2014 annual coverage report for the treatment of one 

type of NTD, soil-transmitted helminthiasis, reports that MDAs covered 15,864 schools and 6,405,645 

children received this administered medicine (Kenyan Ministry of Education, Science and Technology, 

2012). Not only do the MDAs cover children enrolled in the school, the campaigns also coordinate to 

include children in Early Childhood Development Centers and children in the surrounding community who 

are not enrolled in school. The insight from the Kenyan MDA implementation highlights the importance 

of timeliness in the processes and alludes to the risk of large-scale treatment disruption caused by any 

delays, since the treatment is coordinated around a single day. On-time delivery of the medicine 

donations and timely completion of the preceding supply chain processes is particularly an impactful 

factor. The 2013-2014 Kenyan annual coverage report references this supply chain criticality and 

impacts from supply challenges through a quote from Dr. William Maina in the Kenyan Ministry of 

Health: “…the Steering Committee will work with WHO to streamline drug procurement, distribution and 

management. We will eliminate delays, uncertainty and wastage. This is our priority” (Kenyan Ministry 

of Education, Science and Technology, 2012). 

As the Kenya example indicates, the supply chain to deliver these medicines in-country to support the 

MDAs is both critical and complex, due to the importance of meeting the targeted date and the many 
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stakeholders and partnerships involved. The logistics are even more complicated by delivery to remote 

destinations in developing countries. Inefficiencies caused by fragmented data systems and a lack of 

information transparency on supply chain performance have resulted in substandard performance of on-

time delivery of medicine donations in-country to central medical stores, sometimes lagging as much as 

40% below the WHO target for 80% on-time delivery (WHO, 2017a). The considerable amount of resources 

and coordination involved in distribution through the MDA campaigns organized around specified dates 

increases the criticality of on-time delivery. Delivery delays result in waste, increased program costs and 

delayed MDAs—or even completely missed MDAs (Koporc et al., 2015). The WHO considers success of the 

MDA campaigns to be reliant on timely delivery of medicine donations to national warehouses in endemic 

countries (WHO, 2018). As noted by Dr. Maria Rebollo Polo, Team Leader of the Expanded Special Project  

for Elimination of NTDs in the WHO’s Regional Office for Africa, “Planning the entire supply chain is vital 

and is done well before the medicines reach a country. It is essential to ensure fulfillment of the supply-

chain for a seamless distribution and delivery to people who need them” (WHO, 2018).  Thus, close 

coordination and timing for the delivery of these medicines is critical. 

The NTD Supply Chain Forum was also established in 2012, the same year as the WHO roadmap and 

London Declaration, to support this complex supply chain management of these medicine donations 

(Uniting to Combat Neglected Tropical Diseases, 2012). The NTD Supply Chain Forum public-private 

partnership includes the following partners: the WHO, the Bill and Melinda Gates Foundation, six 

pharmaceutical donors (GlaxoSmithKline, Merck & Co. Inc., Merck KGaA, Pfizer, Johnson & Johnson, and 

Eisai), logistics partner DHL, and non-governmental organizations (NGOs) - the International Trachoma 

Initiative, Children Without Worms, the Mectizan® Donation Program, and RTI International (Uniting to 

Combat Neglected Tropical Diseases, 2012).  

It has been difficult to identify the root cause for supply chain disruptions because of fragmentation of 

responsibility and a lack of integrated information sharing among partners. Without a consistent review,  

which would also include routinely collected, relevant and good quality data, it is difficult to assess 

supply chain performance. “NTDeliver,” was launched at  the end of 2016 by partners in the NTD Supply 

Chain Forum to share data from various partners as part of facilitating information sharing (Children 

without Worms [CWW], 2016). The promise of the impact from the investment in this information 

sharing tool may be exemplified by a quote from Dr. Christian Schröter, Head of Strategy for the Global 

Healthcare Operations at Merck Healthcare KGaA, addressing the promise of NTDeliver: “[With these 

tools], we will increase the impact of the donation and accelerate the journey towards control and 

elimination of these diseases” (Schröter, 2017).  This research seeks to evaluate empirically the impact of 

this NTDeliver tool on the supply chain performance improvement—improvement which ultimately 

contributes to success of the global NTD goals.  

My personal interest in the topic of performance measurement in the NTD supply chain has its origins  in 

my former role supporting supply chain programs in GlaxoSmithKline’s Global Health division. My work 

included support to the albendazole donation program, part of the wider NTD public-private 

partnerships for medicine donations. It was surprising to learn that supply chain management, especially 

supply chain performance measurement—well-invested areas in the private sector pharmaceutical 

industry—were still emerging areas in the global health conversation of delivering medicines to 
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developing countries. The literature reflects this, confirming that performance measurement has not 

been widely developed or systematically implemented in humanitarian supply chains (Abidi,  Sander de 

Leeuw, & Klumpp, 2014). There is good evidence with many studies in a private sector setting that 

performance measurement through information sharing is attributed to supply chain improvements  

(Diaz, 2000; Gavirneni et al., 1999; Ghosh & Fedorowicz, 2008; Lee et al., 1997; Lotfi et al., 2013).  

The intent of this research was to undertake an empirical study of the implementation of information 

sharing in the NTD supply chain, applying the theoretical framework of principal-agent theory using a 

quasi-experiment design to assess the impact on the supply chain performance. Many NTDs have targets 

to be eradicated, eliminated, or controlled by 2020—yet most of these targets will unfortunately not be 

met by the end of 2020 (Uniting to Combat Neglected Tropical Diseases, 2016). This expected gap in 

achieving the 2020 goals coupled with the future NTD priorities through the 2030 Sustainable 

Development Goals, the WHO’s new 2030 roadmap for NTDs, and increasing focus on the supply chain 

in these 2030 goals, adds to the case for investing in NTD supply chain research (Fitzpatrick & Engels, 

2015). It is an aspiration that this research will contribute to practice by demonstrating the measureable 

impact on shipment performance of information sharing key performance data and support the value of 

further investment in such supply chain performance measurement tools—both in the NTD space and 

the broader context of humanitarian programs.  

The contribution to knowledge is evident foremost from the ability to add to significant gaps observed in 

the literature for humanitarian and NTD supply chain research. From the literature review, only one 

research paper (Koporc et al., 2015) and one doctorate-level dissertation (Umaru, 2015) was evident in 

the public domain on NTD supply chain research. While the study by Koporc et al. (2015) sought to 

establish a relationship between NTD supply chain performance and program outcomes in the absence 

of statistical testing, this research will use robust statistical tests to evaluate the significance of 

relationships. Also, unlike Umaru’s 2015 dissertation using broad indicators of supply chain capacity at 

the country level, the data used in this study will be a specific reflection of the specific NTD supply chain 

performance. More broadly, humanitarian logistics research is considered to be in its “early phases” 

with many opportunities for research (Abidi et al., 2014).  While most performance measurement and 

information sharing literature in the humanitarian space is exploratory or descriptive and generally 

focuses on relief activities, this research undertake empirical research using real-world data in a 

development context. The originality of the thesis thus arises from the ability to contribute empirical 

research to what is currently primarily a limited body of exploratory research regarding humanitarian 

supply chains and a nearly non-existent pool of NTD supply chain research.  

Furthermore, this research will provide a substantial contribution not only by filling a gap in many 

evolving and sparse areas of research, but also in building on the scope and methodology in the wider 

space of information sharing research. While most information sharing research focuses on application 

to a limited dyadic relationship in a for-profit focus, this research will explore information sharing with 

multiple parties (including a public audience) in a humanitarian context. Additionally, while it is common 

for empirical supply chain research to use secondary data in a quasi-experiment design, most existing 

studies do not take into consideration confounding factors. This research will both incorporate 

confounding factors in the regression model and evaluate if any such factors contribute to a moderating 
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impact. Further, the methodology will incorporate “robustness checks” to strengthen the validity of the 

results. Finally, the usage of principal-agent theory will provide a more nuanced application of the 

framework, considering how information is also used to manage the principal’s actions and how the 

wider network of relationships (beyond the principal and the agent) impacts the efficacy of the tools. 

For all these reasons, the research is expected to provide a significant contribution both to practice and 

knowledge.    

 

1.2 Research questions, aims, and objectives 

The primary research question for the study is: what is the impact of information sharing through a 

supply chain performance measurement system (SCPMS) on shipment performance within the NTD PC 

medicine donation supply chain? 

The aim of the research is to understand whether the introduction of information sharing through the 

SCPMS “NTDeliver” had a positive impact by improving overall on-time delivery to central medical stores 

and other key performance indicators (KPI). 

The objectives of the research project are the following:  

1) To provide a descriptive perspective of performance of the neglected tropical disease 

preventive chemotherapy (NTD PC) donation supply chain both pre and post SCPMS 

implementation 

2) To determine if a relationship exists between information sharing through the SCPMS and NTD 

supply chain shipment performance 

3) To investigate whether confounding factors have had a moderating effect on the relationship of 

information sharing and NTD supply chain shipment performance 

“Secondary questions” have also been identified and addressed:  

1) What is the impact on NTD shipment performance of extending information sharing through 

publicly accessible country-level data? 

2) Does information sharing have a moderating effect on KPIs that are predictors for delivery 

timeliness? 

3) What is the impact of information sharing on upstream, country-driven KPIs? 

 

1.3 Thesis structure  

The thesis includes eight chapters with the following description of the content for each chapter:  

• Chapter one introduces the thesis, describing the background for the research and personal 

motivations, as well as the aims, objectives, and research question.  
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• Chapter two includes a review of the literature, including the process for conducting the review.  

The literature review provides context on research areas relevant to NTD supply chains, working 

from a broad to specific focus from research on general supply chain management to NTD 

supply chains. The chapter provides the rationale and background on the applied theoretical 

framework, principal-agent theory. Finally, the chapter critically reviews the literature on the 

solutions available to address NTD supply chain issues, focusing on the value of performance 

measurement and information sharing, a primary function of the NTDeliver system.  

• Chapter three provides further background on the NTD global goals and the supply chain, 

including a brief overview of the context of the NTD global agenda, donation programs, and 

supply chain processes and challenges. The chapter discusses how the NTDeliver SCPMS was 

initiated in response to the supply chain challenges, background on its development, and some 

key attributes of the system.  

• Chapter four describes the aims, objectives, research questions, and methods used for the 

study. The chapter critically reviews the methodological approach selected, a quasi-experiment 

design, and the strengths and limitations of such a design type. Ethical considerations are also 

discussed. The research design is described, including the approach that was taken to conduct 

the data collection and analysis.  

•  Chapter five presents the findings relating to the primary research question. Outcomes of the 

descriptive analysis and missing data analysis are first reviewed, followed by presentation of the 

regression analysis results. Lastly, the chapter also presents the findings for various robustness  

checks conducted to provide further perspective on the findings.  

• Chapter six presents findings of the secondary research questions. This section is organized by 

research questions and presents the results for each analysis conducted to answer the question.  

• Chapter seven critically discusses the findings, considering the implications for practice and 

policy and perspective provided on understanding the theoretical framework further. The 

strengths and limitations are also highlighted, along with thoughts on future studies to expand 

on the findings and other related areas of research.  

• Chapter eight provides a summary of the thesis. 
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Chapter 2: Literature Review  

2.1 Introduction 

There is a clear gap in research that addresses the NTD supply chain relevant issues and challenges. 

While the WHO’s guide to successful NTD programs lists supply chain as an important success factor for 

programs, there is limited NTD supply chain research in the public domain, illustrating an opportunity 

for research (“Monitoring Drug Coverage,” 2010). The literature review will provide context on research 

areas relevant to NTD supply chains, moving from a broad to specific focus : from general supply chain 

management to NTD supply chains, per Figure 1. Principal-agent theory will be used to explain why 

some of the issues in the NTD supply chain are occurring and why performance measurement and 

information sharing may be effective tools to alleviate the issues. Background literature will then be 

critically reviewed on the solutions available to address the issues in the NTD supply chain, focusing on 

the value of performance measurement and information sharing, a primary function of the NTDeliver 

system developed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Literature review focus areas 
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2.2  Literature review methodology 

As the proposed area of study is an intersection of health and supply chain management research, 

databases from both the “Health” and “Management” sections of the University of Bath’s resources 

were used, including: Web of Science, PubMed, and Emerald. Four categories of bodies of research were 

identified (order of broad to specific): 1) general supply chain practice and theory; 2) humanitarian 

supply chain practice and theory; 3) neglected tropical disease program management; and 4) neglected 

tropical diseases supply chain. Relevant search terms were identified to produce effective results (Table 

2). The first row of search terms focused on a broad search, using the category titles. Then, 

subcategories were searched by combining the category title with an additional subcategory and “AND .” 

Some categories had more subcategories than others as some categories returned limited results with 

the initial broad search, per Table 2.  

 

Table 2: Search terms for four chosen categories of research and results by research database   

 1. Supply chain practice & 

theory 

2. Humanitarian supply 

chain practice and theory 

3. Neglected tropical diseases 

program management 

4. Neglected tropical 

diseases supply chain  

Se
ar

ch
 te

rm
s 

an
d

 re
su

lt
s 

b
y 

re
se

ar
ch

 d
at

ab
as

e
 

supply chain 

• Web of Science: 56,625 

• PubMed: 10,839 

• Emerald: 14,039 

humanitarian AND supply 
chain  

• Web of Science: 226 

• PubMed: 10 

• Emerald: 1,641 

neglected tropical disease  

• Web of Science: 5,418 

• PubMed: 2,506 

• Emerald: 281 

neglected tropical disease 
AND supply chain 

• Web of Science: 12 

• PubMed: 2 

• Emerald: 99 
supply chain management 

• Web of Science: 4,223 
• PubMed: 1,640 

• Emerald: 13,142 

humanitarian AND supply 
chain AND health 

• Web of Science: 7 

• PubMed: 7 
• Emerald: 957 

neglected tropical disease AND 
integrat* AND progam*  

• Web of Science: 234 

• PubMed: 39 
• Emerald: 119 

neglected tropical disease 
AND procurement 

• Web of Science: 4 

• PubMed: 3 
• Emerald: 66 

supply chain AND theory 

• Web of Science: 891 

• PubMed: 120 

• Emerald: 8,926 

humanitarian AND 

performance management 

• Web of Science: 143 
• PubMed: 55 

• Emerald: 8,076 

  

supply chain AND agen* theory 

• Web of Science: 56 

• PubMed: 10 
• Emerald: 4,797 

humanitarian AND 
performance measurement 

• Web of Science: 48 

• PubMed: 3 

• Emerald: 6,186 

  

supply chain AND network 
theory 

• Web of Science: 235 

• PubMed: 18 
• Emerald:5,768 

   

supply chain AND performance 

management 
• Web of Science: 9,402 

• PubMed: 138 

• Emerald: 11,323 

   

supply chain AND performance 
measurement  

• Web of Science: 1,065 

• PubMed: 12 

• Emerald: 9,697 

   

* symbol instructs database to find words that start with the indicated truncated letters  
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The results were then reviewed and screened through a systematic process, as outlined in Figure 2: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Overview of search strategy process and article count 
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To review the results, specific inclusion and exclusion criteria were followed, as Table 3 details.  

 

Table 3: Overview of inclusion/exclusion criteria by search category 

Search category Supply chain practice 

and theory 

Humanitarian supply 

chain practice and 

theory 

Neglected tropical 

diseases program 

management 

Neglected tropical 

diseases supply chain 

Inclusion criteria  foundational study 

frequently cited in 
literature; some books 

that were recurrently 

cited; studies as far back 

as 1970s to ensure 
foundational studies 

captured 

results that may be 

generalized to aid and 
development types of 

humanitarian supply 

chains 

relevant to donated PC 

product; program 
theory may have 

synergy with supply 

chain theory (example: 

“program integration”); 
2020 and post 2020 

priorities  

supply chain is 

primary/secondary 
focus of the study; 

practice-based reports 

and studies not 

published in peer-
reviewed journal but 

focused on supply 

chain 

Exclusion criteria  case studies; studies 

focused on a single 

performance 
measurement 

framework; studies 

focused on a specific 
supply chain tool (i.e. 

forecasting); duplicates 

among searches; 

modeling/simulations 

focus on disaster relief; 

disaster relief case 

studies; no implications 
for health supply chain 

(i.e. food supply chain 

focused)  

focus on procured 

product; NTD not in 

scope of “London 
Declaration”  

term “supply chain” 

included, but not the 

primary or secondary 
focus of the study 

 

2.3  Literature review overview 

The literature review will begin broadly and because of the gaps in the literature, the overview will seek 

to provide context on areas relevant to the NTD supply chain, define key concepts, and critically review 

relevant literature.   

 

2.3.1 Overview of supply chain management research 

This first subsection of the literature review will provide an overview of the concept of supply chains and 

research foundations, describing best practices and relevant academic theories . This overview will be 

followed by an understanding of the pharmaceutical supply chain. Additionally, existing 

research/practice gaps in humanitarian supply chains will be addressed, drawing the link to the NTD 

supply chain (which is classified as a humanitarian supply chain). The objective of this approach will be 

to provide insight into the application of supply chain key research and theory to better understand the 

existing gaps in the literature on humanitarian logistics and NTD supply chain research. This section of 

the literature review will build the case for exploring supply chain performance measurement and 

management theory as the focus for addressing the gaps in the NTD supply chain.  
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Defining the supply chain, supply chain management, and its importance  

A supply chain can be defined as “encompass[ing] organizations and flows of goods and information 

between organizations from raw materials to end-users” (Handfield & Nichols, 2002). The 

characterization of the supply chain has evolved from a linear conception to one acknowledging the 

growing complexity of supply chains, shaped by globalization and interconnectivity across boundaries. 

Historically, supply chains were viewed as simple linear systems with event-dependent series of firms 

interacting through dyadic relationships (buyer-supplier relationships) (Cox et al., 2006; Choi et al., 

2009). However, recent literature acknowledges the interdependence of firms in supply chain systems, 

going as far as to characterize a supply chain as a “meta-organization” in which “inter-organizational 

relationships and integrated business processes” exist between the firms operating the supply chain 

(Halldórsson et al., 2007). Thus, supply chains have been re-conceptualized from a linear approach to an 

adaptive system of networks (Hearnshaw & Wilson, 2013). Initially introduced by consultants from Booz, 

Allen, and Hamilton, the term “Supply Chain Management” (SCM) was coined to more effectively 

address the strategic elements of supply chain (Oliver & Webber, 1982). While the supply chain research 

field has been growing, there remains a lack of consensus for the specific definition of SCM. The term 

“supply chain” has more consistency than SCM definitions (Mentzer et al. , 2001); the complexity in 

defining SCM can be attributed to the differing reference points used to generate the SCM definition 

(Tyndall et al., 1998). Researchers have focused entire studies on the objective of finding a consensus 

definition, including research by Mentzer et al. (2001) and Stock and Boyer (2009). The research by 

Mentzer et al. (2001) to generate a universal definition of SCM identified three, discrete categories of 

SCM definitions: 1) a management philosophy, 2) implementation of a management philosophy, and 3) 

a set of management processes.  

For this research study, Stock and Boyer’s (2009) definition for SCM will be used, as it is more recent and 

somewhat less corporate than the definition by Mentzer et al. (2001). Stock and Boyer’s (2009) 

definition views SCM as: “the management of a network of relat ionships within a firm and between 

interdependent organizations and business units consisting of material suppliers, purchasing, production 

facilities, logistics, marketing, and related systems that facilitate the forward and reverse flow of 

materials, services, finances, and information from the original producer to final customer, with the 

benefits of adding value, maximizing profitability through efficiencies, and achieving customer 

satisfaction” (Stock & Boyer, 2009). This definition also aligns with one later established by Zacharia et 

al. later (2014), which found consensus on two key elements of the SCM definition, including: 1) the 

view as a system, as opposed to an activity or a process and 2) the cross-organizational management of 

flows, elements both present in the Stock and Boyer (2009) definition.  

While traditional SCM concentrates on supply chain’s role in moving materials and goods, strategic 

supply chains focus on the supply chain’s role in impacting overall firm performance, which has 

furthered the research imperative for studying supply chains (Hult et al., 2004). Various benefits from 

effective SCM have been researched, including: reduced costs, increased market share and sales, and 

robust customer relations (Ferguson, 2000). Researchers find connections between high-performing 

supply chains’ impact on shifting mindsets from isolated, internally-focused operations to collaborative  

schemes, which build a sustainable competitive advantage for firms through improved inter and intra-
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firm relations and may increase profit margins (Ellinger, 2000; Mentzer et al., 2001; Stank et al., 2001). 

In the global health and development context, an efficient supply chain is key to improving the quality of 

goods and services administered as supply chain lead time improvement positively impacts beneficiaries  

and leads to a higher return on donations (Tomasini & Van Wassenhove, 2009). 

 

Conceptualizing the basic components of the supply chain and the pharmaceutical supply chain  

There are four levels in the supply chain, also known as "echelons:” supply, manufacturing, distribution, 

and consumers; each level of the chain may be composed of multiple firms, seen in Figure 3 (Beamon, 

1999). Supply chain complexity is driven by the number of echelons and the number of firms in each 

echelon (Beamon, 1999).  

 

Figure 3: Conceptualization of the supply chain: four levels. Reprinted from “Measuring Supply Chain 

Performance,” by B.M. Beamon, 1999, International Journal of Operations & Production 

Management, 19(3), 275-292. Copyright 1999 by MCB UP Limited.  

 

The structure of the pharmaceutical supply chain aligns with these four echelons, with its own unique 

components. The pharmaceutical supply chain is defined as the process in which pharmaceutical 

products are distributed to end-users with "the right quality, at the right place, and at the right time" 

(Mehralian et al., 2012a). This type of supply chain comprises an end-to-end process beginning with 

sourcing pharmaceutical ingredients and ending with delivery to the patient, seen in Figure 4.  
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Figure 4: The pharmaceutical supply chain. Reprinted from Countering the Problem of Falsified and 

Substandard Medicines, by Institute of Medicine, 2013, retrieved from 

https://www.nap.edu/catalog/18272/countering-the-problem-of-falsified-and-substandard-drugs 

Copyright 2013 by The National Academies Press.   

  

Similar to other industries, the pharmaceutical supply chain begins with sourcing materials for 

manufacturing from suppliers, sourcing active and inactive ingredients (Mehralin et al., 2013). These 

ingredients are used in primary manufacturing (production of the active pharmaceutical ingredient) and 

secondary manufacturing (production of the final pharmaceutical production by adding “excipient” 

materials with further processing) (Shah, 2004). After packaging, these finalized products then travel by 

wholesale distributors to retail pharmacies or medical organizations (such as a hospital pharmacy) to 

reach the patient. 

The pharmaceutical supply chain structure and parties involved vary depending whether the 

pharmaceuticals are delivered to developed or developing countries. In developed countries (per Figure 

4) most patients receive pharmaceuticals from a doctor's office or licensed pharmacy and the structure 

is more standard due to the few firms operating in the space. 90 percent of pharmaceuticals sold in the 

United States are distributed by three major firms and four or five major firms distribute 90 percent of 

the market in Western Europe and Japan (Yadav & Smith, 2012). The pharmaceutical supply chain to 

deliver to developing countries is more complex due to the fragmentation caused by multiple firms 

involved, regardless of whether a supply chain is driven by the private sector, public sector, or a NGO, 

shown in Figure 5 (Yadav & Smith, 2012). As Figure 5 suggests, components of each system are not 

mutually exclusive and it is common that there could be intermixing of the different processes, which is 

the case in the NTD supply chain. With many stakeholders acting in each echelon of the supply chain, 

such complexity in the supply chain to developing countries yields many challenges and raises the case 

for information sharing through performance measurement to better understand where issues arise.  In 

a survey distributed to global and in-country health supply chain professionals supporting 

pharmaceutical supply chains to developing countries, challenges cited included lack of coordination, 

insufficient ordering and planning processes, and limited shipment visibility once a pharmaceutical 

shipment leaves the manufacturer (Privett & Gonsalvez, 2014).  
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Figure 5: Various pharmaceutical supply chain systems for delivery of essential medicines in developing 

countries. Reprinted from “Health Product Supply Chains in Developing Countries: Diagnosis of the Root 

Causes of Underperformance and an Agenda for Reform” by P. Yadav, 2015, Health Systems & Reform, 

1(2), 142-154. Copyright Taylor & Francis Group, LLC. 

 

High-performing supply chain attributes and performance standards for pharmaceutical supply chains  

 Three attributes characterize an effective supply chain: 1) agility (the ability of a supply chain to react 

quickly to unexpected or rapid shifts in supply and demand), 2) adaptability (a willingness to reshape 

supply chains, when necessary), and 3) alignment (interests of participants in supply chain are 

consistent) (Lee, 2004). There are also enabling factors to support a high-performing supply chain, such 

as an integrated information system (Fawcett & Magnan, 2002), a flat organizational structure (Cooper,  

Lambert, & Pagh, 1997), and a cross-functional driven reward system (Lee & Whang, 2000). Without 

such enablers, issues may arise such as: lack of trust among supply chain partners (Fawcett, Magnan and 

McCarter, 2008a), resistance to change (Fawcett et al., 2008a), ineffective collaboration (Singh & Power,  

2009) and a defensive organizational culture (Gimenez, 2004).  

A primary objective of the pharmaceutical supply chain is to provide a continual supply of 

pharmaceuticals to patients at the optimal price with minimal delays, shortages or error (HDMA, 2009).  

One of the most important metrics is measuring percent of shipments delivered "on time and in full" 

(OTIF); OTIF refers to the ability for a supply chain to deliver the expected product in the quantit y 
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ordered by the customer at the place agreed by the customer and at the time either expected by the 

customer or promised by the supplier (Godsell & Hoek, 2009). While OTIF tends to be the term used in 

practice for both private sector and humanitarian supply chains (PricewaterhouseCoopers LLP, 2012; 

Igoe, 2017), a review of the literature shows there is much variability in the usage of terms used to refer 

to delivery performance and/or fulfillment accuracy, such as: “delivery time variance”  (Cooper, 1984), 

“in full on time” (Livingstone, 1992), “order cycle time consistency” (Emerson & Grimm, 1996), 

“reliability of delivery time” (Jayaram et al., 2000), “delivery reliability” (“the ability of SC systems to 

meet promised delivery dependently, consistently and accurately”) (Kuei & Madu, 2001), and “order fill 

rate” (what proportion of orders are completely filled within the stated lead time) (Christopher, 2010). 

For the purposes of this research, "OTIF" will be used due to its prevalent use in practice.  

While there is limited academic research on standards for OTIF performance, numerous surveys and 

reports have been conducted by consulting firms to gauge the standards seen in practice. A 2014 report  

on pharmaceutical supply chains focused on delivery to developed markets, which was conducted by 

the consulting firm McKinsey, reported an OTIF industry average of 98%, with 99.5% cited as the best 

practice ("Finding Opportunity in Uncertainty..." 2014). Similarly, the consulting firm 

PricewaterhouseCoopers conducted a 2013 report surveying 503 supply chain executives to benchmark 

supply chain best practices across industries and at an industry-specific level (PricewaterhouseCoopers 

LLP, 2012). An OTIF average of 97.4% was identified for top performing firms in the pharmaceutical and 

life sciences industry, with an average of 80.5% for laggards in the industry (PricewaterhouseCoopers 

LLP, 2012). The report identified the following benchmarks across all industries: 96% average OTIF for 

leaders, 89% for average, and 79% for laggards. Thus, consulting firm reports appear to identify between 

97.4-99.5% OTIF as the standard for top performing pharmaceutical supply chains and 80.5% as the 

standard for laggards. 

Both reports were focused on the context of developed countries. As discussed, delivery of 

pharmaceuticals to developing countries is more complex and is challenging to pinpoint the acceptable 

standard for OTIF delivery in such a context. The United States Agency for International Development 

(USAID), the US government agency responsible for providing overseas aid and one of the largest donors 

to NTD programs, acknowledges "on-time delivery" in "Guide to Key Performance Indicators for Public 

Health Managers" and defines this metric but does not specify a standard (Igoe, 2017). While no specific 

standard appears to be documented by any agencies or institutions, the international development 

community largely accepts 80% as the standard for OTIF, often citing this as the guiding principle (Igoe, 

2017). This standard aligns with the WHO's goal for 80% on-time delivery of NTD medicine donations to 

central medical stores (WHO, 2017a). Thus, the acceptable OTIF standard for the pharmaceutical supply 

chain to developing countries is around the same OTIF standard for pharmaceutical supply chains 

laggards delivering to developed countries. Because in the NTD supply chain pharmaceutical 

manufacturers often manufacture medicines according to forecasted projections and then fulfill from 

existing stock, this makes the “in full” aspect of OTIF somewhat less relevant in this supply chain —thus ,  

the emphasis is focused on delivery timeliness. This consideration will be further addressed in Chapter 3, 

which provides background on each process in the NTD supply chain.  
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Humanitarian supply chains and logistics: associated challenges and gaps in research 

NTD supply chains are not merely characterized by the product supplied (pharmaceuticals) or recipient 

destinations (developing countries), but also by its driving purpose—to fulfill a humanitarian purpose 

focused on reducing the suffering caused by NTDs. Humanitarian logistics includes activities involving 

“planning, implementing and controlling the efficient, cost-effective flow of and storage of goods and 

materials as well as related information, from point of origin to point of consumption for the purpose of 

alleviating the suffering of vulnerable people’’ (Thomas & Kopczak, 2005). Humanitarian supply chains 

typically engage in two activities: relief activities and development activities  (Beamon & Balcik, 2008). 

Whereas relief activities are short-term activities that aim at minimizing the immediate risk after a 

disaster, development activities refer to longer-term aid focusing on community self-sufficiency and 

sustainability (Beamon & Balcik, 2008). Development activities have a more varied scope of definition 

and may be defined with regards to disaster, referred to as “protracted operations,” which are focused 

on long-term disaster preparedness or recovery operations (L’Hermitte, 2016). Development activities 

may also refer to long-term programs intended to support the building of resiliency and self-reliance in 

developing countries (L’Hermitte, 2016). In the humanitarian supply chain, the usual objective of 

maximizing profit in the supply chain is instead focused on timely and appropriate provision of aid to 

beneficiaries – “the right goods, at the right place, at the right time (before it is too late) for those  who 

need it most” (Tomasini & Wassenhove, 2009). Thus, OTIF serves as both the performance standard and 

the objective for the humanitarian supply chain.  

Much of the literature on humanitarian supply chains points to the critical value of coordination and 

collaboration to ensure effective performance, especially in a disaster relief context, due to the unique 

factors challenging operations: such as an inevitable chaos posed by post-disaster relief environments, 

the significant scale and diversity of actors involved, and the management of scarce resources (Balcik et  

al., 2010). Often, humanitarian organizations use the terms “collaboration” and “coordination” 

interchangeably (Russell, 2005), but Balcik et al. (2010) notes the objective in either case of this 

terminology usage points back to coordination objectives and defines coordination as “relationships and 

interactions among different actors operating within the relief environment .” Research on supply chain 

relationships and empirical tests of interrelationship factors (i.e. trust, etc.) is not nearly as extens ive in 

a humanitarian supply context as in a commercial context, but exploratory and descriptive studies finds 

consensus that good relationships are necessary to assure effective humanitarian supply chain 

management (McLachlin & Larson, 2011). McLachlin and Larson’s (2011) review of perspectives from 

humanitarian supply chain practitioners pointed to the agreement in practice that relationship building 

efforts and complementary initiatives (such as information sharing) fosters stronger relationships and 

thus lead to better coordination and effectiveness within humanitarian supply chains.  Ultimately, 

effective coordination in the humanitarian supply chain contributes to positive outcomes such as 

greater acceptance of proposals and amount of donations received, delivering supplies and completing 

projects on time, reduction of costs, quick-response time, and flexibility (Akhtar et al., 2012). 

Threatening the ability to achieve such effective coordination and collaboration, the humanitarian 

supply chain faces challenges such as slow coordination (Chandes & Paché, 2010) and fragmented 

information systems (Tatham & Spens, 2011). Both relief and development humanitarian supply chains 
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share the challenge posed by conflicting objectives from the multiple stakeholders (i.e. governments, 

nongovernmental organizations (NGOs), etc.) involved that hinder collaboration and coordination (Ҫelik 

et al., 2012). In particular, challenges in public-private partnerships are common and threaten the 

impact of such collaboration which generally seeks to capitalize on the business sector’s resources and 

expertise (Tomasini & Van Wassenhove, 2009). For instance, one common challenge stems from 

differing strategic visions between humanitarian and business organizations—one focused on saving 

lives, the latter focused on acquiring profit, causing conflicting goals in collaboration (Nurmala et al., 

2017). Furthermore, stigma and trust issues may occur, such as the humanitarian organization 

perceiving the business sector as encroaching on its independence (Rueede & Kreutzer, 2014; Pettit & 

Beresford, 2009; Thomas & Fritz, 2006), while the business sector may be hesitant to work with 

humanitarian organizations due to a perception of lacking capabilities and professionalism (Rueede & 

Kreutzer, 2014; Thomas and Fritz, 2006; Bealt et al., 2016). Additional issues stem from a lack of 

willingness to share information (Altay & Pal, 2014) and a lack of performance metrics (Simatupang & 

Sridharan, 2005). 

Like SCM research, humanitarian logistics overall is considered a relatively young area of research with 

gaps and opportunities, as research in this space lacks robustness and is many times exploratory. Kovács  

and Spens’s (2011) research reviews the trends and developments in humanitarian logistics and 

conducts a gap analysis to identify future research opportunities, identifying a gap in practice as the 

development of common performance metrics and inter-agency coordination to drive integration across 

supply chain programs. Also, a systematic review by Asgari et al. (2016) of supply chain management 

research identifies both the “healthcare” and “disaster and humanitarian” spaces as future trends in 

SCM, noting the opportunity for humanitarian supply chain to mature with many future research 

opportunities. Finally, a narrow definition of humanitarian logistics is often used in research focusing on 

relief, rather than development activities (Kovács & Spens, 2011). NTD supply chains are considered 

humanitarian supply chains engaged in development activities as the donation programs deliver 

medicines to support development goals, rather than specific aid relief—to achieve the WHO goals for 

the control, elimination and eradication of NTDs. Thus, NTD supply research aims to fill a gap not merely 

in the space of NTD research but in the broader context of humanitarian logistics research. 

 

2.3.2 Overview of the NTD supply chain, its unique challenges, and existing research 

This subsection will address a basic overview of the workings and challenges in the NTD supply chain 

prior to discussing the solutions for the challenges, in order to provide understanding of the solutions 

targeted and the literature critically reviewed. The process overview will be general, expanding into 

further detail of the specific challenges for each stage of the supply chain in Chapter 3. As noted, there is  

very limited research on NTD supply chains, but the limited literature that exists will be critically 

reviewed. The research study will focus on the supply chain of the donation programs for PC medicine 

donations managed by the WHO through the “joint application package,” which includes donations for 

the following four medicines: diethylcarbamazine citrate, albendazole, mebendazole, and praziquantel. 

Procured NTD medicines will be out of scope for this research. As such, when referring to the “NTD 
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supply chain,” this will be the scope considered. Further background on the NTD donation programs and 

the rationale for this scope will also be outlined Chapter 3.  

 

General overview of the NTD supply chain and its unique challenges 

While supply chain focus and investment has not historically been high on the NTD global agenda, 

supply chain performance impacts the ability to achieve NTD goals and future targets in the NTD global 

agenda are incorporating supply chain factors (WHO, 2020c). Supply chain challenges may cause 

shipment delays that lead to delayed or missed MDAs, which negatively impacts the ability to meet NTD 

goals and creates additional burden for endemic countries, due to the considerable coordination around 

specific MDA dates (Koporc et al., 2015). Country-level NTD program assessments acknowledge the 

importance of supply chain considerations, such as a 2016 review of NTD management in Senegal 

highlighting recommendations to ensure timely approval of medicine donation requests and entry into 

the country acknowledging the connection of such issues to delayed MDAs (Simon et al., 2016). This 

same report also recognized the importance of accurate forecasting to avoid supply chain issues, such 

an oversupply of medicines that have the potential to cause storage costs and/or spoil or expire before 

the next MDA (Simon et al., 2016). While many NTDs have 2020 targets to be eradicated, eliminated,  or 

controlled, unfortunately most targets will not be met (Uniting to Combat Neglected Tropical Diseases, 

2016). Regardless, NTDs will continue to be a priority through the 2030 Sustainable Development Goals 

(SDGs) and the WHO 2030 NTD goals (Fitzpatrick & Engels, 2015; WHO, 2020c).  Further context on the 

NTD global agenda is discussed in Chapter 3.  

A key component of the NTD supply chain is referred to as the “first mile,” which spans to in-country 

delivery of donated PC medicines to central medical stores, seen in Figure 6 (Koporc et al., 2015). There 

are opportunities to improve processes across the NTD supply chain; however, the first mile will be the 

focus of this research due to the opportunity to improve on-time performance to central medical stores 

and leverage information sharing among partners. Within the first mile, there are various processes 

managed and supported by different groups of stakeholders, discussed further in Chapter 3, but 

illustrated broadly in Figure 6. Pharmaceutical manufacturers are considered to be responsible for all 

steps involved in shipping, customs clearance, and delivery of NTD medicine donations to the central 

medical stores, including covering associated costs (NTD Supply Chain Forum, 2016). Ultimately, the 

objective of the supply chain is to support achieving the WHO goals for the control, elimination and 

eradication of NTDs by 2020 (Uniting to Combat NTDs, 2018). The supply chain for donated NTD 

medicines is challenging due to the many different partners involved, and even more challenged by the 

fact that medicines are delivered to developing countries. Pharmaceutical manufacturers are primarily 

responsible for manufacture, commitment, and delivery of PC in the first mile. The country 

governments, and supporting implementing organizations, manage delivery of the medicine donations 

through MDAs. However, within the first mile, there are also other responsible partners and processes 

that impact the timeliness of delivery in-country. Partners in the first mile convene through the “NTD 

Supply Chain Forum,” a private and public partnership established in 2012 consisting of partners each 

having an impact in the supply chain for donated PC medicines (NTD Supply Chain Forum, 2016).  
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Figure 6: Overview of the NTD preventive chemotherapy supply chain  

 

Compared to other essential pharmaceutical supply chains delivering to developing countries, NTD 

supply chains are less complex operationally in structure, encompassing a small number of commodities  

distributed infrequently in comparison (John Snow, Inc. [JSI], 2015).  Table 4 provides this comparative 

view. Such seemingly less complex attributes in the supply chain does not mean there is not more 

complexity elsewhere.  

 

 

 Table 4: NTD medicine supply chains, compared to essential pharmaceuticals supply chain. Adapted 

from “Summary Report: Improved Supply Chains for Neglected Tropical Diseases,” by John Snow, Inc. 

Copyright 2015 John Snow, Inc. 

 

While the NTD supply chain is seemingly less complex, some of the “simple” attributes produce their 

own challenges. Shipments to countries are infrequent compared to pharmaceutical supply chains to 

developing countries, yet this causes on-time delivery to be even more critical since shipment delays 

may result in delayed or missed MDAs because of the coordination and planning needed to mobilize a 

community to attend an MDA on a particular date (Koporc et al., 2015).  Thus, there is a lower allowable 

margin of error in timeliness. The supply chain structure itself also causes complexity—the February 

2012 WHO survey of selected NTD medicine supply chains stated “the challenge in analyzing the NTD 

supply chain is that it is comprised of multiple and distinct supply chains. The supply chains are largely 

Characteristic NTD Supply Chain Essential Pharmaceuticals Supply Chain 

Number of commodities Less than ten  Hundreds 

Frequency of delivery Once per year  Once per month 

Data requirements  Population data updated annually  Consumption and client data updated monthly  

“First mile” of NTD supply chain “Last mile” of NTD supply chain 

In-country processes 
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based on the disease program and/or the individual medicines” (WHO, 2012). This causes challenges for 

stakeholders managing delivery of the medicines to MDAs, as the need to coordinate and co-implement 

NTD campaigns often requires three or more supply chains to deliver five or six medicines distributed in 

campaigns, especially for co-administered medicines (JSI, 2015).  

The importance of coordination in a supply chain is fueled by the presence of a large number of 

independent actors, often with conflicting and/or misaligned goals, which makes supply chain 

coordination critical to managing risk and achieving optimal performance (Zimmer, 2002). Inefficient 

coordination may lead to lower performance, with issues resulting such as longer delivery time, wastage 

and damage, and lowered customer service (Lee et al., 1997). A challenge with NTD donation supply 

chain coordination, not uncommon in humanitarian supply chains as previously noted, includes that the 

supply chain combines aspects of all three structures for delivering pharmaceuticals to developing 

countries (Figure 5). The supply chain involves private sector manufacturers, forecasting needs driven by 

the public sector and delivery in-country to central medical stores, and logistics coordination support 

and last mile distribution supported by NGOs (although last mile distribution is out of scope for this 

research study). Such complexity in the structure contributes to more complex coordination to achieve 

timely delivery. According to a 2015 summary report by John Snow, Inc., challenges to the NTD supply 

chain include: incomplete and inaccurate supply data, fragmentation in the supply chain due to usage of 

multiple supply chains for only four to six NTD medicines, and limited ability to track these medicines  

(JSI, 2015).  

The supply chain challenges therefore are due to the fragmented approach of operating multiple supply 

chains, coupled with the already challenging aspects of infrequent delivery and difficult-to-access 

shipment destinations as most medicine donations ship to developing countries. There is information 

asymmetry among the partners in the supply chain, due to the limited data available on the supply chain 

performance. This challenge of coordination within the NTD supply chain has been acknowledged by 

NTD partners.  Coordinating different medicine donation shipments is a key strategy to benefit the in-

country programs to avoid delayed or missed MDAs and inefficiencies in delivering to the country, such 

as absorbing costs for multiple storage, transport, and management mechanisms for the different 

campaigns (JSI, 2015). However, without data and centralized management to monitor performance, 

diagnosis and root cause of the issues involved—much less ability to brainstorm solutions—is a 

challenging, if not impossible, task.  

Consistent with the on-time delivery standard for global health programs, the WHO targets an 80% on-

time delivery standard for in-country delivery of PC medicine donations by 2018 (WHO, 2017a). 

Regardless, timely first mile delivery has been frequently raised as an issue by NTD stakeholders. While 

shipments to countries are infrequent since MDAs are annual campaigns, on-time delivery in-country is 

critical as delays may result in delayed or missed MDAs because of the coordination and planning 

needed to mobilize community MDA attendance (Koporc et al., 2015). Historically, it has been difficult 

to identify the root cause for supply chain bottlenecks because of fragmentation of responsibility, a lack 

of information sharing among partners, and limited investment in a performance measurement 

framework. According to historical, one-off reviews of supply chain data by NTD supply chain partners, 

there was perception that delivery often occurs below this benchmark with anywhere from 30-60% of 

shipments delivered in-country on-time at least one month prior to the MDA (WHO, 2017a). This was 

well below the WHO's goal for 80% on-time delivery standard (WHO, 2017a). However, without a 

consistent review through centralized data, it is difficult to assess supply chain performance. A lack of 
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centralized supply chain data and coordination limited the ability for the WHO and other partners to 

effectively manage the supply chain to achieve objectives. However, an online performance 

measurement system, “NTDeliver,” was recently launched at the end of 2016 by partners in the NTD 

Supply Chain Forum to share data from various partners to facilitate information sharing (CWW, 2016). 

Chapter 3 will provide further background information on the system’s intent, development, and key 

attributes.  

Overall, the NTD supply chain faces challenges characteristic of humanitarian supply chains, specifically 

inefficient coordination (Chandes & Paché, 2010) and fragmented technology and information systems 

(Tatham & Spens, 2011), evident from the lagging delivery timeliness in delivery to central medical 

stores and lack of integrated performance metrics. As mentioned, private sector collaboration is a 

means of alleviating challenges in the humanitarian supply chain but is difficult to implement due to the 

goal conflicts and/or misalignment between organizations and the ensuing lack of trust, often causing 

the hesitancy to share information. Similar challenges are observed in the NTD supply chain by the 

researcher’s experience in practice as there is a mix of private sector, non-profits, and humanitarian 

organizations partnering. Due to lagging delivery performance and fragmented data and information 

asymmetry, the researcher has observed heated discussions between NTD partners attempting to 

identify the root cause for delayed shipments.   

 

Existing research on NTD supply chains 

There is no shortage of NTD program management research—thousands of results are generated when 

searching “neglected tropical diseases program management.” The gap in NTD research exists primarily 

in the supply chain realm. After reviewing the literature search results, there is only one research paper  

and one doctorate-level dissertation in the public domain focused on studying NTD supply chains. The 

2015 doctorate-level dissertation explores if there is a statistically significant relationship between 

country supply chain logistic capacity and MDA coverage (Umaru, 2015). The methodology is 

quantitative using a multiple regression model with secondary, public data from WHO data bank for 

MDA coverage, to quantify the relationship between supply chain logistics capacity, as  measured by the 

World Bank’s Logistics Performance Index, and the control of NTD using MDA. The results support the 

relationship between supply chain performance and programmatic success, finding that three supply 

chain aspects are statistically significant predictors of MDA coverage after analyzing secondary data: 

supply chain capacity, custom and border processes, and supply chain reliability. A key limitation of this 

study is all independent variables reflect broad indicators of supply chain logistic capacity for the 

country and are not specific to logistic capacity in NTD programs. Therefore, this reduces the confidence 

in the results, as the study assumes that the country logistic capacity indicators are an appropriate and 

accurate representation of NTD supply chain capacity.  

More directly relevant to the research question being studied is the research by Koporc et al. (2015) 

addressing the impact of supply chain issues on timeliness of deworming MDAs for soil-transmitted 

helminthiasis. The study’s objective is to identify first mile supply chain factors that influence an on-

time, delayed, or missed MDA and provide potential performance indicators for effective monitoring. 

Data was analyzed from medicine applications, shipping records, and annual treatment reports to 

produce an overview of primary and secondary causes for delayed and missed MDAs. A mixed methods 

approach was used, although with a primary usage of quantitative methodology. In cases where there 
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were delayed or missed MDAs, some additional qualitative data was gathered by interviews with those 

involved in the program. However, this qualitative element of the methodology did not appear to be 

robustly laid out and there was little clarity on: 1) who was consulted for this data, 2) what kind of 

follow-up was provided, and 3) the summarized results of the insights. The outcomes of the research by 

Koporc et al. (2015) find primary causes for delayed and missed MDAs stemming from in-country issues 

and production challenges, with customs issues contributing, therefore finding a relationship between 

first mile supply chain issues and timeliness of MDAs. However, this relationship is established by 

summarizing the percentage of supply chain issues experienced by delayed and missed MDAs and then 

affirming through context provide by interviews with NTD program managers. The relationship is not 

evaluated for significance through any type of statistical test. However, this research generally 

concludes the need for closer coordination and collaboration between NTD supply chain partners, such 

as establishing standard supply chain performance metrics to assess current processes, identifying areas  

for improvement, and measuring improvements from more effective coordination.  

 

 

2.3.3 Theoretical frameworks: usage in supply chain management research and 

principal-agent theory to reduce information asymmetry  

Principal-agent theory will support an understanding of the NTD supply chain and the relevant 

mechanisms to address such challenges. This understanding will provide the rationale for the proposed 

solutions prior to addressing the proposed solutions and critically reviewing the relevant literature.  

 

Usage of theory in supply chain management research 

While SCM is a growing area of research, the field has nevertheless struggled to ascertain a “distinct 

scientific identity” (Klaus, 2009, p. 56). This struggle stems from the “lack of commonality” in supply 

chain research, revealed by the wide variety of theories and methodology used (Halldórsson, Hsuan, & 

Kotzab, 2015). Halldórsson et al. (2015) describe this issue in SCM research as “conceptual slack,” a 

divergence of views and approaches among researchers and fluidity among the boundaries relative to 

other disciplines. However, many researchers have sought to link academic theory to supply chain 

practice, drawing from a body of behavioral and organizational theories. The review by Defee et al. 

(2010) of 683 papers published in five distinguished SCM journals between 2004-2009 revealed 180+ 

total theories referenced, with only 53 percent of the articles directly referencing theory. This research 

pointed to the need for greater consistency and usage of theory in SCM research.  

Due to this challenge of conceptual slack in SCM research, when determining which theoretical 

framework would be appropriate to apply to the research, it was important to identify a framework that 

not only provides a relevant lens to study the research question but also one with significant application 

in SCM research. A significant foundation of application of the chosen theory in SCM literature is critical 

both to assure credibility and provide sufficient literature sources to support the framework’s relevancy 

to a SCM context. Aside from this criterion, because the research seeks to understand how performance 
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measurement information sharing addresses challenges in supply chain relationships and workings , a 

framework was sought that focuses on understanding how supply chain relationships contribute to 

challenges and tools used to manage such challenges.  

As a starting point, the review by Defee et al. (2010) provided perspective on the 25 most commonly 

identified theories in SCM research that comprise greater than 50 percent of all SCM research using 

theory, identified by categories and ranked by frequency of usage. The most relevant categories for 

application to the research question were determined to be theories in the “social exchange” and/or 

“resource dependence theory,” as such theories are focused on understanding the relationships within a 

supply chain and how organizations interact when interdependencies exist, respectively (Defee et al., 

2010).  Two theories from these categories were included in the ranked list: social network theory and 

principal-agent theory (i.e. “agency theory”) (Defee et al., 2010). Social network theory views a given 

system as a set of interrelated actors that have a diversity of characteristics within each relationship, 

including duration and frequency (Borgatti & Li, 2009).  This theory was considered as it more aligns to 

the view of a supply chain as a network, rather than a dyadic relationship, which appropriately 

characterizes the NTD supply chain with its diverse set of partners. However, its application in research 

appears focused on supply chain design and studies involving supply chain modeling as the tool to 

consider how to appropriately structure a supply chain in consideration of nuances in such relationships 

(Galaskiewicz, 2011; Hearnshaw & Wilson, 2013). Therefore, it did not appear to be a good fit to help 

understand the impact of performance measurement information sharing.  Conversely, principal-agent 

theory also focuses on how supply chain relationships contribute to observed challenges, but this theory 

is often applied to analyze how to enhance performance by reducing information asymmetry and 

combating self-interest, and thereby is more relevant to the research question.  One outward limit at ion 

however is the theory’s apparent orientation towards a more dyadic perspective through its focus on 

two actors, the principal and the agent (Fayezi et al., 2012). Yet, the theory does acknowledge other 

actors may exist in the model and given that the NTD supply chain is largely governed by the objectives 

and primary work between the WHO and pharmaceutical manufacturers, this orientation would still 

appear to be a fitting framework. While the NTD supply chain has multiple partners involved and is not 

necessarily dyadic in nature, the critical objectives are governed by a dyadic relationship between the 

WHO and pharmaceutical manufacturer, which both primarily hold the accountability for the work. 

Outside of the theories referenced in the research by Defee et al. (2010), further review was conducted 

to search for frameworks used in SCM research to study relationships and supply chain performance. 

Interdependence theory was identified from this review as the theory considers that groups or units in 

an organization are interdependent on one another due to technological requirements and the type of 

interdependency has implications for coordination and communication (Thompson, 1967). This 

framework was potentially a very good lens since it examines interdependence among supply chain 

actors rather than having a orienting towards a more dyadic framework and considers what technology,  

mechanisms, coordination is the best fit according to the types of interdependence (Kembro & 

Selviaridis, 2015). Yet, the most significant limitation was the framework’s sparse usage in SCM research, 

evident from the limited literature found and its exclusion in Defee’s 2010 review. Furthermore, the 

framework has generally not been used for empirical studies, therefore not aligning well with the 

empirical nature of this research (Kembro & Selviaridis, 2014).  
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After reviewing multiple theories applied to supply chain, principal-agent theory is considered the best 

fit for this research study as the theory focuses on the management of relationships in supply chains and 

is often applied to empirically analyze how to enhance supply chain management and performance, 

with respect to complex relationships. The framework not only considers challenges stemming from 

supply chain relationships that are relevant to the NTD supply chain, such as  information asymmetry, 

but also what tools are appropriate to manage those relationship dynamics to ultimately best achieve an 

intended goal or objective. Additionally, the systematic review of agency theory usage in SCM research 

by Fayezi et al. (2012) noted that the majority of research using this framework is empirical, aligning well 

with this research’s design and methodology. Lastly, because principal-agent theory was included in the 

review by Defee et al. (2010) as one of the top ten cited theories in SCM research, this demonstrates the 

wide availability of preceding research and therefore the theory’s credibility in SCM research.  

 

Overview of principal-agent theory  

A principal-agent relationship applies to situations wherein one party (the principal) delegates authority 

– in terms of control and decision-making about certain tasks – to another party (the agent) (Eisenhardt,  

1989; Mitnick, 1973; Ross, 1973). While there is a lengthy and substantia l history, the “official 

recognition” of agency theory is attributed to the work of Ross (1973) and Mitnick (1973) (Fayezi et al., 

2012). “Information asymmetry” often occurs as the agent is better informed than the principal about 

the nature and content of the work and has the information advantage (Manatsa & McLaren, 2008; 

Hsiao & Tsai, 2013). Agency theory assumes individuals are self-interested and addresses the problem of 

opportunism (Fama, 1980). Five assumptions underlie the theoretical framework: 1) potential goal 

conflicts exist; 2) parties acts in their own self-interest; 3) information asymmetry exists; 4) agents are 

more risk-averse than principals; and 5) efficiency is the effectiveness criterion (Eisenhardt, 1989; 

Ekanayake, 2004; Rungtusanatham et al., 2007). This principal-agent relationship may be reflected as 

seen in Figure 7: 

 

 

 

 

 

Figure 7: A graphical depiction of the principal-agent relationship. Adapted from “The Preference 

between Salary Increase and More Vacation Time,” by H. Löfqvist, 2014, retrieved from 

https://www.researchgate.net/publication/303341623 Copyright 2014 by Blekinge Institute of 

Technology.  
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Two problems resulting from principal-agent dynamics are moral hazard and adverse selection (Ciliberti 

et al., 2011). Moral hazard results when the agent does not behave in alignment with the principal’s 

interest, as a consequence of the agent possessing more information about the actions needed to 

conduct the work (Ciliberti et al., 2011). Adverse selection occurs when the agent has information about 

the agent’s costs that are unknown by the principal (Laffont & Martimort, 2001). The difference 

between these two problems is that while moral hazard entails a hidden action, adverse selection 

involves hidden information (Rauchhaus, 2009). Adverse selection occurs when creating a 

contract/agreement, while moral hazard occurs when the work is underway and the principal is unable 

to observe the agent’s behavior (Rauchhaus, 2009).  Within this principal-agent relationship, third parties 

may also be involved in carrying out work under contract with the agent,  as depicted in Figure 8.  

 

 

 

 

 

 

 

 

 

 

Figure 8: A graphical depiction of the principal-agent relationship, with acting third party. Adapted from 

Business Law: E-Commerce and Digital Law International Law and Ethics, 5th Edition by H. R. 

Cheeseman, 2004, retrieved from https://www.slideshare.net/BrianMuchiri/agency-notes Copyright 

2004 by Prentice-Hall.  

 

Outlining solutions addressed in principal-agent theory and application to SCM 

The fifth theory assumption, that “efficiency is the effectiveness criterion,” supports solutions to drive 

efficiency, such as information-sharing. Incentives and penalties can be provided for the agent to act in 

alignment with the principal’s interests, such as  through monitoring behavior or rewarding outcomes 

(Eisenhardt, 1989a). These solutions are defined as either 1) outcome-based management mechanism, 

or 2) behavior-based mechanism (Rungtusanatham et al., 2007). Outcome-based mechanisms enable 

principal and agents to share information on performance, with the principal incentivizing performance 

by rewarding agents based on measured outcomes (Ekanayake, 2004). The focus with outcome-based 

Agency Contract 
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contract 
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principal 

Agent Principal 
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mechanisms is more on the “what” in the result, rather than in the “how” (Choi & Liker, 1995). This 

solution relates to solving moral hazard as the focus is on agent’s actions as the work is conducted, post-

contract (Rauchhaus, 2009). Behavior-based mechanisms focus on the tasks in the process, the “how,” 

which lead to the results from the agents (Eisenhardt, 1989; Ekanayake, 2004). Such mechanisms are 

focused on rewarding positive behavior and penalizing negative behavior, with such solutions being 

implemented directly in the contract stage (Rauchhaus, 2009). Outcome-based approaches are seen as 

“routine-practices” and considerably simpler to apply, but the effectiveness may be less as they may be 

difficult to leverage control over an agent’s self-interested behavior (Zu & Kaynak, 2012). Behavior –

based mechanisms require more upfront investments with long-lead times before returns are gained (Zu 

& Kaynak, 2012).  

Principal-agent theory is used to understand supply chain behavior, such as the complexities of risk-

sharing and conflict, and the development of inter- and intra-organizational relationships (Stock, 1997). 

Examples of behavior-based mechanisms in SCM include supplier quality management and supplier 

quality audit (Zu & Kaynak, 2012). For outcome-based approaches, supply chain partners create 

contracts to clearly articulate objectives, and rewards and penalties to incentivize the desired action 

(Halldórsson et al., 2015). There is much research on such supply contracts created under information 

asymmetry (Zhang et al., 2013). To address issues of moral hazard, using information systems to monitor 

agent performance is a direct method for the principal to better understand the agent’s actions post -

contract (Rauchhaus, 2009; Ciliberti et al., 2009). Information systems may leverage market information 

to assess agent performance against standards of related agents in the market through “benchmarking.” 

(Laffront & Martimort, 2001). The principal may use such available information about the agent in order 

to curb self-serving behaviors that may run counter to the principal’s interests (Eisenhardt,  1989). While 

the theory is rooted in pessimistic assumptions about human behavior in performing work and 

establishes monetary mechanisms as the go-to approach in influencing behaviors, researchers have 

acknowledged that information sharing may be encouraged by alternative methods, aside from money 

(Manatsa & McLaren, 2008). 

Principal-agent theory will be used to analyze the NTD supply chain principal-agent dynamic and 

understand how information sharing through a performance measurement framework can alleviate 

information asymmetry and potential goal-conflict/misalignment to improve supply chain performance. 

This research hypothesizes information sharing will have a positive impact on supply chain performance 

because the issues in the NTD supply chain (lack of data transparency, goal-conflict/misalignment, 

inefficiencies, etc.) are a cause of the principal-agent relationship between the WHO and the 

pharmaceutical manufacturers, respectively.  

Within the first mile of the NTD supply chain, the principal is the WHO headquarters (HQ), which has the 

ultimate goal to achieve on-time deliveries to support on-time MDAs. The WHO HQ is considered the 

principal due to its direction of the pharmaceutical manufacturers to manage shipments and because 

the supply chain ultimately serves to support the WHO goals for the control, elimination and eradication 

of NTDs by 2020 (Uniting to Combat NTDs, 2018). The pharmaceutical manufacturers support the 

WHO’s objective as agents by supplying medicine donations and ensuring they reach central medical 

stores on-time. Additionally, these agents also involve third parties in the relationship to conduct this 
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Information asymmetry during the performance 

of work raises open questions on performance: 

• Where are the supply chain issues & 

bottlenecks in the process? 

• Why are issues happening? 

• What data/information is there to 

provide insight into solutions? 

work. Pharmaceutical manufacturers contract with logistics service providers (LSPs) to manage the 

service of shipping donations to the central medical stores. Also, NGOs are another third party which 

pharmaceutical manufacturers engage to support some first mile shipment processes. Note that these 

NGOs supporting first mile processes are generally different than the NGOs that support last mile 

processes. Other levels of the WHO, the country office and regional offices, also work with the WHO HQ 

to complete applications for requested medicine donations before the order is raised and support some 

shipment processes. Unless specified otherwise, when referring simply to the “WHO” in this research, 

this will indicate the HQ level of the organization. A diagram of this principal-agent relationship, and the 

involved other third parties and WHO levels, is in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: A graphical depiction of the principal-agent relationship in the NTD supply chain 

 

This principal-agent relationship in the NTD supply chain is unique chiefly due to the absence of financial 

remuneration—the medicines and logistics services are provided free of charge as a donation by the 
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pharmaceutical manufacturers. While no monetary exchange occurs as the “reward”, there is a public 

relations value for pharmaceutical manufacturers to provide the donated pharmaceutical. As previously 

noted, a principal-agent relationship can exist in absence of financial numeration. The WHO features the 

names of pharmaceutical manufacturers and product donation information on official publications, 

which may generate good will from consumers—a “reward” for the provision of the pharmaceutical 

donations (WHO, 2012). Also, pharmaceutical manufacturers highlight their contributions in their PR 

channels, such as corporate social responsibility reports and corporate websites, in addition to internal 

communications to drive employee engagement (WHO, 2012; Merck & Co., Inc. 2018). Even though 

there is no self-interest to maximize profit in the NTD supply chain, as in a private sector supply chain, 

there may still be self-interest for the agent to reduce costs. This may be demonstrated by electing to 

ship donations with the less expensive and slower option of ocean freight, even in cases where shipping 

by air (the more expensive, but speedier option) may make the difference of an on-time delivery. 

Although the “reward” of public relations exists, it is not reliant on meeting on-time delivery standards 

set by the WHO, especially in the absence of information transparency and performance tracking. Thus, 

there is limited incentive for the agent to pay more for options to increase timeliness. Self-interest may 

exist on the principal’s end in terms of defining the benchmarks in the supply chain with the agent. 

Although pharmaceutical manufacturers desire orders for the medicines to be provided by the WHO 

eight months before the planned MDA to assure enough time to meet an on-time delivery, the WHO 

defines six months before the planned MDA as the minimum lead time. Similarly, although one month 

before the planned MDA is the minimum lead time for the shipment to be delivered to the central 

medical stores, the WHO advocates for a two-month lead time. Without clear information transparency, 

it is more difficult to establish data-based rationale for the benchmarks. 

Another unique aspect relates to the agents’ relationship with the third parties. While there is no 

monetary exchange between the principal and the agent, the agents provide financial reward to third 

parties. LSPs receive payment for shipping services and NGOs benefit financially via grants to fund 

personnel supporting first mile processes. Finally, although there is no monetary exchange between the 

principal and agent as it relates to the supply chain services, pharmaceutical manufacturers do actually 

provide monetary donations to the WHO for NTD program management (WHO, 2017a; Third World 

Network, 2015). While these donations are not for supply chain-specific programs, it is an interesting 

aspect of the relationship, introducing the potential that the WHO may have less leverage as the 

principal.  

The workings of the WHO and pharmaceutical manufacturers defy traditional principal-agent dynamics. 

Because the pharmaceutical manufacturer is the only partner to provide monetary incentives to other 

partners and does not receive monetary incentive, this may imply that the pharmaceutical manufacturer 

has more leverage than a typical agent in controlling the work—which could exacerbate information 

asymmetry. Another unique aspect of this principal-agent relationship is the WHO’s involvement in 

supply chain activities: while the WHO is the principal and the pharmaceutical manufacturer is 

accountable for most activities, the WHO is also responsible for some activities. Most notably, the WHO 

manages issuance of the medicine order, the “purchase order” (PO). Timely POs tend to be a focus area 

among NTD partners when reviewing cause for delayed shipments. This implies that the pharmaceutical 

manufacturer also then must “manage up” to ensure information is transparent to root cause. Such less  

traditional workings of principal-agent theory is supported by more recent research seeking to uncover a 

less black and white view.  
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While the framework generally assumes principals own and manage the work by setting compensation 

frameworks and monitoring schemes, research finds agents may also manage the principal’s actions 

(White, 2010). Information asymmetry assumes agents act opportunistically, but information 

asymmetry may also cause the principal to act out of ignorance and adversely impact the work’s 

objectives (White, 2010; Zardkoohi et al., 2015). To manage such adverse impact, the agent may 

attempt to influence principals to act as the agent sees fit, although in more subtle ways (White, 2010). 

This dynamic is relevant to the WHO’s role in issuing timely POs to pharmaceutical manufacturers –

pharmaceutical manufacturers may have an interest in monitoring and/or influencing the WHO to 

ensure timely POs to best support on-time delivery. Any solutions developed to manage this principal-

agent relationship in the NTD supply chain must address a means of monitoring the performance of 

both the principal and the agent.  

Incentive mechanisms to influence behaviors are light between the principal and agent relationship in 

the NTD supply chain since services and product are donated. Between the principal and agent, there 

exists a “Memorandum of Understanding” – a “soft contract” that details volume commitments for 

donations and roles and responsibilities but does not establish performance targets. Prior to 2016, there 

was no outcomes-based mechanism to monitor performance of the NTD supply chain. The NTDeliver 

supply chain performance measurement system was launched in 2016 to alleviate information 

asymmetry and provides real-time data on key metrics in the supply chain, classifying this tool as an 

outcomes-based solution focused on performance monitoring.  

The overall research hypothesis is that information sharing will improve NTD supply chain performance, 

according to principal-agent theory and academic research on the value of information sharing and 

performance measurement systems. Performance measurement can be used to understand the 

alignment (or misalignment) of goals in the supply chain and determine what performance management 

may be used. While other forms of solutions were discussed, it is reasonable that the NTD supply chain 

stakeholders decided to invest in an outcomes-based mechanism focused on performance monitoring.  

As a supply chain delivering donated product, the ability to invest in financial incentives is limited by 

availability of capital as the beneficiaries of the medicines generally comprise the world’s poorest 

people. Behavior-based solutions, while effective, take considerable upfront investment and long-lead 

times to realize benefits. Given that NTD goals are in the relatively near future and the supply chain is 

already relatively under-invested within the humanitarian space, a behavior-based solution may be a 

tougher sell.  

Finally, the issues inherent in the NTD supply chain are primarily occurring in the post-contract phase, 

which causes these issues to relate primarily to moral hazard. To address moral hazard, monitoring 

agent performance is a direct method for the principal to better understand the agent’s actions post-

contract. This is not merely a matter of the principal monitoring the agent but also the agent monitoring 

the principal. The system accounts for the non-traditional principal-agent dynamics by incorporating 

metrics the principal is responsible for driving/supporting—such as PO issue date. While financial 

incentives/penalties are absent, data has become partially accessible to stakeholders in the countries on 

the receiving end of the donation and may create further incentive to improve performance by 

providing such transparency at the country level (NTDeliver, 2018). 
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2.3.4 NTD supply chain solutions: performance measurement and information sharing 

As performance measurement and information sharing are an appropriate mechanism to manage the 

information asymmetry resulting from principal-agent dynamics, more context will be provided 

regarding the research on these tools and usage in SCM and humanitarian logistics. This subsection will 

introduce key concepts from the literature on performance measurement, performance management, 

and information sharing. Additionally, the literature in information sharing and performance 

measurement in humanitarian supply chains will be critically reviewed.  

 

Defining performance measurement and management  

Performance measurement is defined as the process of quantifying the efficiency and effectiveness of 

an operation through a set of indicators (Neely et al., 1995). Performance management takes 

performance measurement a step further through “the use of performance measurement information 

to affect positive change in organizational culture, systems and processes, by helping to set agreed-upon 

performance goals, allocating and prioritizing resources, informing managers to either confirm or 

change current policy or program directions to meet those goals, and sharing results of performance in 

pursuing those goals” (Amaratunga & Baldry, 2002). Performance management is considered a critical 

process to improve supply chains’ effectiveness and efficiency and entails “identifying measures, 

defining targets, planning, communication, monitoring, reporting and feedback” (Cai et al., 2009). 

Supply chain performance management research sits in the wider context of performance management 

research, a young area of research that emerged in the 1980s (Gopal & Thakar, 2012). Supply chain 

performance measurement research has evolved, beginning in the 19th century with a “traditional cost 

accounting systems” focus on accounting metrics (i.e. “cost per metric ton”) and maturing through the 

late 90s into a “mixed systems focus” incorporating non-financial indicators (i.e. “service quality”), 

(Agami et al., 2012). Since the early 2000s, a “balanced integrated systems” approach has dominated 

supply chain performance measurement, which seeks to leverage online systems and e-commerce to 

facilitate information sharing through a performance measurement system (Agami et al., 2012). 

Evolution towards integrated measurement has advanced as organizations adopt a global mindset with 

a holistic enterprise view of supply chain, as opposed to factory-level management (Gunasekeran et al., 

2005). 

The benefits of performance management are both tangible and intangible. Research demonstrates a 

positive connection between using non-financial performance indicators (such as supply chain 

indicators) and the impact of tracking such indicators on organizational results (Ahn, 2001; Green et al., 

2008; Ittner et al., 2003; Ittner, 2008). Sharing supply chain data has been shown to have a positive 

relationship with marketing performance and financial performance (Green et al., 2008) and produces 

intangible benefits, such as improving understanding and collaboration among supply chain partners 

(Brewer & Speh, 2001; Chan et al., 2003) and increasing prospects for integration (Gunasekaran et al., 

2001).  

 



39 
 

Measuring performance: key performance indicators and performance frameworks  

Key performance indicators (KPI) (representative set of measures for a given supply chain) are a means 

of executing performance measurement (Gopal & Thakkar, 2012). A performance framework is a 

conceptual tool used to prioritize KPIs, based on an organization’s priorities and philosophies. As 

mentioned previously, “conceptual slack” exists in SCM research due to the “lack of commonality” in 

research from inconsistent usage of a wide variety of theories and methodology. This is reflected in the 

application of supply chain performance measurement frameworks. There are many frameworks, at 

least 14, according to a review conducted by Gopal and Thakkar (2012). Yet, there is limited guidance on 

when and how to apply such tools. Organizations often find there is a lack of practical guidelines on how 

to develop KPIs with no universal standard to measure SCM performance (Robinson & Malhotra, 2005; 

Arzu Akyuz & Erman Erkan, 2010). Furthermore, there is a lack of consensus among researchers 

regarding the most appropriate way to categorize frameworks (Shepherd & Günter, 2006). Table 5 

provides examples of methods used to classify frameworks.  

 

Table 5: Categories used to classify supply chain performance measurement frameworks. Adapted from 

“Measuring supply chain performance: current research and future directions,” by C. Shepherd and H. 

Gunter, 2006, International Journal of Productivity and Performance Management, 55(3-4). 242-58. 

Copyright 2006 by Emerald Group Publishing Limited 

 

Classification  Attributed authors and year 

Qualitative or quantitative Beamon, 1999 
Chan, 2003 

What is measured Gunasekaran et al., 2001 
De  Toni  and Tonchia 2001  
Schönsleben,  2004 
Chan,  2003 
Beamon,  1999 
Hieber, 2002 
Chan and Qi, 2003 

Strategic, operational, or tactical focus  Gunasekaran et al., 2001 

Relation to specific process in supply chain  Chan and Qi, 2003 
Huang et al., 2004 
Li et al., 2005 
Lockamy and McCormack, 2004 
Stephens, 2001 

 

A listing of key frameworks, their year of conception and associated author is listed in Table 6.   
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Table 6: Listing of key frameworks by year of publishing and authors. Adapted from “A Review on Supply 

Chain Performance Measures and Metrics: 2000-2011,” by P. Gopal and J. Thakkar, 2012, International 

Journal of Productivity and Performance Management, 61(5), 518-547. Copyright 2012 by Emerald 

Group Publishing Limited.  

 

Framework Year Author 

Balanced scorecard 1992 Kaplan and Norton 

SCPM framework 1999 Beamon 

Economic value added 2001 Lambert and Pohlen 

Framework based on levels 2001 Gunasekaran et al. 

SCOR model  2002; 2009 Bullinger el al.; Thakkar et al.  

Framework based on SCOR model  2004 Gunasekaran et al.  

Fuzzy-set approach 2003; 2011; 2013 Chan and Qi; Ganga and Carpinetti; Vaidya and 
Hudnurkar 

Using Six sigma metric  2003 Dasguptha. T 

Process-based measurement 2003 Chan and Qi 

Taxonomy of measures 2006 Shepherd and Günter  

KPIs identification 2007 Gunasekaran and Kobu 

Supply chain performance model using 
AHP  

2007 Bhagawat and Sharma 

Supply chain performance model using 

BSC 

2007 Bhagawat and Sharma  

i-SCOR Methodology 2008 Gulledge and Chavusholu 

SCOR-BSC framework for SMEs 2009 Thakkar et al.  

AHP with PGP model 2009 Bhagawat and Sharma  

Integrated framework of SCM-ESCM 2010 Shaw et al.  

Integrated Six Sigma and capability 

maturity model  

2010 Lin and Li 

Scanning framework  2011 Fabbe-Costes et al.  
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The value of information sharing in supply chain performance measurement systems 

Information sharing is an integral aspect of performance measurement—sharing of accurate and t imely 

supply and demand information has been linked to supply chain performance improvements (Diaz, 

2000). Information sharing entails “the act of capturing and disseminating knowledge and data for 

decision makers to plan and control supply chain operations” (Togar, Alan, & Ramaswami, 2002). Such 

information shared may include the specific products supplied and amount of product supplied 

(Manatsa & McLaren, 2008). Generally, information sharing has been proven to have a range of 

benefits, from improved resource utilization to reduced cycle time from order to delivery (Zahra Lotfi et 

al., 2013). Benefits from information sharing stem from the increased transparency of information that 

enable risks to be anticipated and shared among supply chain partners (Lee et al., 1997; Ghosh & 

Fedorowicz, 2008). Providing real-time information enables coordination to achieve optimal operational 

performance (Ghosh & Fedorowicz, 2008).  

Many studies have been conducted on the value of information sharing to improve supply chain 

performance in the private sector across a range of industries for various, specific supply chains. Largely, 

the body of literature with empirical studies investigates the value of information sharing in a 

commercial supply chain focused on a dyadic relationship, primarily between two partners: a buyer and 

a supplier (Kembro & Selviaridis, 2015). For instance, the well-cited study by Cui et al. (2015) reviewed 

retailers sharing real-time sales data with upstream suppliers to understand the impact on forecasting 

accuracy. This study was focused on a dyadic relationship between a supplier and a retailer in the U.S. 

beverage and snack food industry, in which secondary data collected direct from the supplier is used to 

conduct a time-series regression analysis to evaluate the significance in the relationship between 

information sharing and forecasting accuracy. The results indicated that information sharing resulted in 

a statistically significant improvement in the mean squared forecast ranges from 7.1% to 81.1% for all 

products. While assessing the impact of information sharing in an empirical manner, the methods do not 

consider in the model any confounding factors that may have instead contributed to the improvement 

in forecasting accuracy, nor speak to any such considerations in the analysis. In a non-randomized s tudy 

using secondary data such as this one (which is characteristic of much empirical supply chain research), 

it is critical to consider any uncontrolled factors to assure the credibility of results.  

Zhou et al. (2007) also investigates the impact of information sharing on KPIs using regression analysis to 

test the significance of the relationship, but focusing on the impact of information sharing on supply 

chain practice (i.e. enhancing effective supply chain practices, such as supply chain planning, production 

practices and delivery performance (i.e. increasing on-time delivery frequency). The scope of 

information sharing is focused on two different, dyadic relationships: 1) information sharing between 

the manufacturer and customer and 2) information sharing between the supplier and manufacturer. By 

collecting data from various manufacturing industries through a survey, the study’s results conclude that 

information sharing has a positive, significant relationship with both supply chain practice and delivery 

performance at the 95% confidence level. The study has some limitations in its data collection methods;  

the data is collected by distributing surveys to 745 senior executives, of which only 134 surveys are 

returned and only 125 surveys are usable. This limited response rate raises the concern of non-response 

bias. Further, while a robust methodology is used to evaluate the relationship, the data used in is not 
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pulled from a consistent source and relies on the accountability of the individuals providing the data to 

assure data validity.   

Kembro and Selviaridis (2015) explore the concept of implementing information sharing beyond dyadic 

relationships, with consideration to viewing most supply chains as composed of networks involving 

more than two partners (Kembro & Selviaridis, 2015). This perspective aligns with the evolution of the 

concept of supply chains. As noted in the introduction to supply chain management research earlier in 

this chapter, supply chains have been re-conceptualized from the historically-used linear approach of a 

supply chain viewing a series of dyadic relationship to instead consider a concept of an adaptive system 

of networks (Hearnshaw & Wilson, 2013). The study uses a single case design to gather data from 

various supply chain tiers and understand the current state of information flows, to explore if any 

information is shared beyond a dyadic flow. Findings indicate that all information sharing in the supply 

chain reviewed is purely dyadic, with barriers to sharing beyond a dyadic relationship, due to 

perceptions of weak interdependence and the risk of misrepresentation of data. The value of the study 

may be extended by more concretely addressing what benefits are expected to be seen by sharing 

information beyond a dyadic context. The study briefly suggests that sharing information beyond dyadic 

relationships may be key to resolving unsatisfactorily high inventory levels but does not fully explore 

why this is expected.   

A study by Kochan et al. (2017) considers the impact of information sharing on inventory management 

and ordering processes in the healthcare industry, this time considering more than just two-way sharing  

in a dyadic relationship and more aligned to a network view of the supply chain. Information sharing is 

considered between pharmaceutical manufacturers, pharmaceutical distributors, and hospitals. The 

methodology involves using system dynamics modeling to simulate the performance of traditional and 

cloud-based hospital supply chains, comparing three key indicators of both models: average inventory 

levels, lead time, and unfilled orders. The findings indicate that cloud-based information sharing has a 

statistically significant positive impact on visibility in healthcare supply chains, contributing to 

measurable improvements, such as a reduction in unfilled orders. Of course, the most apparent 

limitation of this research is that a simulation is used instead of real, empirical data. Furthermore, the 

methodology appears to make unrealistic assumptions in the model that would likely not apply to real-

world application, such as assuming unlimited inventory capacity.    

To facilitate information sharing, especially in real-time, supply chain performance measurement 

systems (SCPMS) enable performance-relevant data to be effectively tracked, gathered, sorted, stored, 

and processed (Dweekat et al., 2017). Generally, a SCPMS is designed by a third party and then used by 

actors in the supply chain (Maestrini, 2018). A SCPMS does not necessitate usage of information 

technology, although many researchers have discussed the general topic of performance measurement 

systems as information systems themselves (Kueng et al., 2001; Marchand & Raymond, 2008; Myles, 

2008; Teimoury et al., 2013). However, the linkage between a SCPMS and information technology is 

undeniable, as advances in information technology facilitate information availability (Cantor & 

Macdonald, 2009). Bitici (1997) argues that usage of information technology is a necessity to assure a 

performance measurement system is effective. Yet, Ghosh and Fedorowicz (2008) argue that less 

complex and more occasional forms of sharing may sometimes be more cost-effective than a real-time, 
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technical mechanism. Regardless of the inconsistency in usage of information technology, there is 

consensus that both the mechanism and means of usage impacts the benefits realized from information 

sharing (Ghosh & Fedorowicz, 2008). The frequency of data sharing (King & Epstein, 1983), cost of the 

mechanism and its usage (King & Epstein, 1983), extent of electronic integration between partners 

(Shah et al., 2002), and mode of data transfer (Stefansson, 2002) may all affect the impact. More 

awareness that information sharing is taking place is also found to lead to a higher likelihood of realized 

benefits (Charan et al., 2008). At a minimum, for any benefit to be realized from information sharing 

from a SCPMS, information sharing must be accurate, relevant, timely, and accessible to partners in the 

supply chain (McLaren et al., 2002).  

 

Performance measurement and information sharing literature in the humanitarian supply chain  

Performance measurement and management systems have not been widely developed and 

systematically implemented in humanitarian supply chains and are not part of the supply chain strategy 

(Abidi et al., 2014). In a systematic review by Abidi et al. (2014) of humanitarian supply chain 

performance management, it is determined that performance measurement and management in the 

humanitarian space is still an open area of research (especially compared to the private sector) and is 

still in its "early phases.” Yet, limited shipment visibility is noted as one of the top ten issues for 

pharmaceutical supply chains delivering to developing countries, with supply chain practitioners citing 

that once a pharmaceutical shipment leaves the manufacturer, the tracking information becomes very 

limited and there is no information on when an order will arrive—hindering the ability to manage 

delivery performance in absence of such information (Privett & Gonsalvez, 2014). The gap in 

performance measurement is similarly evident in the NTD supply chain as there is limited focus on 

measuring performance and improving processes. Korpoc’s 2015 research on the impact of the NTD first  

mile processes on MDA timeliness identified the need for performance metrics and provided suggested 

key metrics. However, this discussion is addressed in an exploratory manner and is based on “our 

experience,” as the authors state.  

Aligning with the conclusions from the systematic review by Abidi et al. (2014), nearly all literature 

related to performance measurement or information sharing in humanitarian supply chains is 

descriptive and exploratory. Most studies in this space are focused on developing models and 

theoretical frameworks, usually specifically in the scope of relief activities. Such studies generally 

conclude that applying private sector concepts and/or partnerships, such as information sharing and 

performance measurement, are expected to benefit outcomes of humanitarian supply chains although 

may face unique challenges in application (Oloruntoba & Gray, 2006; Howden, 2009; Kraiselburd & 

Yadav, 2013; Papadopoulos et al., 2016). Altay and Labonte’s (2014) case study of the information 

management involved in responding to the 2010 earthquake in Haiti finds that while information 

sharing is critical to coordination in humanitarian operations, coordination can be hindered by 

challenges to information sharing. Such observed challenges include inconsistent data formats and an 

unwillingness to share information (Altay & Labonte, 2014). This research provides three considerat ions  

for effective information sharing in humanitarian emergency response: 1) timeliness of data must be 

prioritized over perfection to facilitate quick decision-making and coordination; 2) information must be 

perceived as valuable to be used and 3) information sharing alone is not considered an effective solution 
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to improve response as other factors in governance must be considered (Altay & Labonte, 2014). 

Characteristic to most literature in the space of performance measurement or information sharing 

research in humanitarian supply chains, this research is specifically focused on relief activities. Also, 

rather than an empirical design, the methodology utilized a systematic “desk review” of existing reports  

to then be assessed through a developed analytical framework. 

There are very few empirical studies exploring information sharing in humanitarian supply chains, and 

the few available largely use simulations and modeling, rather than real-world data. For instance, Altay 

and Pal’s (2017) study conducts a simulation model to explore the importance of information sharing to 

facilitate humanitarian aid, considering a theoretical cluster of humanitarian agencies involved in 

disaster response and located in “a generic location.” While the results support that improved quality of 

information sharing reduces the lead time needed to respond, the key limitation of the study remains 

that theoretical entities and data are involved to produce the results. Such gaps in the literature further  

the rationale for advancing research in NTD supply chain performance measurement and management.  

 

2.4  Summary 

The supply chain will unquestionably be an important focus area to ensure the future success of meeting 

global NTD 2030 goals. The challenges in meeting timely shipments for NTD donations, particularly in 

the first mile, highlights a need for further investment in measures to improve timeliness and 

information transparency among the partners. The virtually non-existent body of research on NTD 

supply chains against the wide array of NTD program research provides rationale for originality of the 

research, as there appears to be an unmet need in this research area. There is an opportunity to 

understand the impact of the NTDeliver SCPMS on the first mile of the NTD supply chain, to provide 

better understanding of the value of investing in supply chain initiatives and better understand how 

supply chain performance measurement tools may or may not address the challenges in the NTD supply 

chain. Furthermore, because SCM research is still overall a relatively young area of research and the 

literature on humanitarian logistics performance management has clear gaps, this provides additional 

opportunity to contribute to the broader context of the literature.  

The critical review of literature further highlighted the role of performance measurement systems to 

provide both tangible and intangible benefits to the supply chain (Ahn 2001; Green et al. 2008; Ittner et 

al. 2003; Ittner 2008). Evidence from the studies suggests that information sharing as an aspect of 

performance measurement is associated with measurable supply chain improvements . The literature 

review suggests that it is timely to provide deeper understanding of the applicability of these 

traditionally private sector performance measurement tools in a humanitarian, non-profit context to 

better explore impact (Diaz, 2000; Gavirneni et al., 1999; Ghosh & Fedorowicz, 2008; Lee et al., 1997; 

Zahra Lotfi et al., 2013). Relevant theoretical frameworks have been identified and explained in this 

chapter, positioning principal-agent theory as the selected framework to better understand the 

dynamics of the NTD supply chain partnership relationships and the hypothesis that the SCPMS will be 

an effective solution. The methods to address the research aim will be discussed in Chapter 4, however,  
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a more in-depth overview of the NTD programs, supply chain, and NTDeliver SCPMS will follow in 

Chapter 3.  

This research will provide a substantial contribution to the literature not only in terms of filling a gap in 

many evolving and sparse areas of research, but also in building on both the scope and methodology. 

While most information sharing research focuses on information sharing primarily with a limited dyadic 

relationship in a for-profit focus, the NTDeliver SCPMS researched shares information with multiple 

parties (including a public audience) in a humanitarian context. Furthermore, while it is common for 

empirical supply chain research to use secondary data in a quasi-experiment approach (to be further 

discussed in Chapter 4), much of the information sharing literature does not take into consideration 

confounding factors. This research will both incorporate confounding factors in the regression model 

and evaluate if any such factors contribute to a moderating impact. Further, the methodology will 

incorporate “robustness checks” to strengthen the validity of the results.  

While most performance measurement and information sharing literature in the humanitarian space is 

exploratory or descriptive and generally focuses on relief activities, this research will undertake 

empirical research using real-world data in a development context. Lastly, the lone research paper 

focused on the NTD supply chain (Koporc et al., 2015) seeks to establish a relationship between supply 

chain performance and program outcomes in the absence of statistical testing, while this research will 

use robust statistical tests to evaluate the significance of the relationship. Also, the data used will be a 

specific reflection of the specific NTD supply chain performance, rather than a broad indicator of supply 

chain capacity at the country level as used in Umaru’s (2015) doctorate dissertation.   
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Chapter 3: NTD Global Strategy, Supply Chain Process, and NTDeliver 

To better understand the NTD supply chain and the rationale for the scope of the study, context is 

necessary. What follows is a brief overview of the NTD global agenda, donation programs, and supply 

chain processes and challenges. This context will support how the NTDeliver SCPMS was initiated in 

response to the NTD supply chain challenges. 

 

3.1 The global strategy for NTD control, elimination, and eradication 

While the WHO's "Roadmap to Implementation" published in 2012 marked a prominent beginning for 

multi-sector, global strategy for NTDs with its 2020 targets, the commitment to NTDs does not end with 

the 2020 WHO roadmap. The Sustainable Development Goals (SDGs) are composed of 17 goals and 169 

targets that are centered on an agenda of sustainable development for all nations to embraces 

economic growth, social inclusion, and environmental protection (Stafford-Smith et al., 2017). A key 

assumption of the SDGs includes that health contributes considerably to sustainable development, as 

reducing poverty and inequality is inherently linked to the health of populations (Bangert et al., 2017). 

NTD goals are aligned to this broad philosophy of the SDGs and direct NTD goals are embedded within 

the 2030 SDGs: “Ensure healthy lives and promote well-being for all at all ages” (United Nations, 2019). 

Within SDG 3, section 3.3 outlines: “By 2030, end the epidemics of AIDS, tuberculosis, malaria and 

neglected tropical diseases and combat hepatitis, water-borne diseases and other communicable 

diseases” (United Nations, 2019). This section includes a specific indicator for NTDs in 3.3.5: “Number of 

people requiring interventions against neglected tropical diseases” (United Nations, 2019).  

In acknowledgment of this NTD inclusion in the SDGs, the WHO has released a new 2030 roadmap 

covering 2021-2030 to build on this SDG goal with more specific indicators. For example, one success 

measure includes “90% reduction in the number of people requiring interventions against NTDs by 

2030” (WHO, 2020e). Generally, the 2030 roadmap is more explicit than the previous roadmap about 

the criticality of supply chain focus to ensure the achievement of such success measures. The roadmap 

dedicates an entire section to “Access and logistics,” in which supply chain management priorities and 

focus areas for improvement are outlined under the umbrella concept that “effective supply chain 

management is vital to ensuring access to quality-assured NTD medicines and other products” (WHO, 

2020e). The roadmap calls for effective supply chain management to assure that medicines are available 

“at the right place and time, while minimizing wastage” and cites “transparency of the supply chain” and 

“monitoring of the supply chain” as tools to support this objective (WHO, 2020e). Furthermore, the 

roadmap lists three “dimensions” for assessing disease-specific actions and within the dimension of 

“strategy and service delivery,” the following enabler is highlighted to achieve success in this dimension: 

“effective supply chain that ensure timely access to and availability of quality-assured medicines, 

products, and pharmaceutical supplies” (WHO, 2020c). In contrast, the 2012 roadmap was more focused 

on medicine donations and financial support as the enablers for success metrics  (Savioli & Daumerie, 

2012). The new 2030 roadmap clearly documents many of the challenges faced in the first mile of NTD 

supply chain, such as overstretched production capacity of pharmaceutical companies and potential 

delays in distribution (WHO, 2020e). The message within the future NTD strategies and priorities affirm 
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the relevancy of this research: the criticality and relevancy of NTD programs extends past 2020. Supply 

chain strategy and investment to ensure timely deliveries will be a critical part of achieving success of 

the 2030 plan.   

 

3.2 Overview of NTD donations and NTD PC donation order processes   

There are 17 different NTD medicines provided by 11 different pharmaceutical donors, 15 managed by 

the WHO (Dyke et al., 2019). NTD programs largely fall into one of two groups: preventive 

chemotherapy and transmission control (PCT) NTDs (for which the main tool is for control is the periodic 

administration of medicines to entire at-risk populations), and innovative and intensified disease 

management (IDM) NTDs (NTDs that currently lack appropriate tools for large-scale use) (Mitra & 

Mawson, 2017). This research will focus on the subset of donation programs for PC medicines managed 

by the WHO through an integrated process (United Nations, 2019). The PC medicines managed by the 

WHO includes four: diethylcarbamazine citrate, albendazole, mebendazole, and praziquantel (Dyke et 

al., 2019). PC entails “treating infected individuals to reduce morbidity and preventing transmission by 

administering medicines in communities at risk” (WHO, 2017b).  

Different combinations of these four medicines are used to treat three different NTDs (previously 

described in chapter 1) based on treatment recommendations by the WHO (WHO, 2010):   

• Lymphatic filariasis:  

1) albendazole (400 mg) alone twice per year OR  

2) diethylcarbamazine citrate (6 mg/kg) and albendazole (400 mg)  

• Soil-transmitted helminthiasis:  

1) albendazole (400 mg) alone OR 

2) mebendazole (500 mg) alone 

• Schistosomiasis - praziquantel (40 mg/kg) alone  

These medicines are focused on prevention of transmission or morbidity of NTDs and play a critical, 

large-scale role in reducing the global burden of these types of diseases (WHO, 2017b). In 2018 alone, 

1.752 billion PC treatments were delivered (WHO, 2020d). The donated PC medicines in scope of the 

research also comprise a large scale: over 1,300 shipments of about 11.5 billion donated PC medicines 

were supplied to 108 recipient countries between 2006 and 2018.  

 Figure 11, a diagram on the WHO’s website explaining the donation application for users of the process, 

illustrates the process for managing these medicine donations via the WHO’s “joint mechanism” 

(established in 2013) that entails submission of a “joint application package” (JAP). This process was 

established to streamline coordination for requests for multiple medicine donations, especially as 

medicines are co-administered and different diseases are sometimes co-endemic, meaning more than 

one disease is considered prevalent within a given geographic area or population group (Porta, 2008). 

The JAP entails standardized processes and timelines to support an integrated request and review for 

donated medicines, and subsequent reporting on usage (WHO, 2013). 
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Figure 11: Application process for NTD preventive chemotherapy medicine donations. Reprinted from 

“Planning, request medicines and reporting” Copyright (2013). Retrieved Dec 24, 2019, from 

https://www.who.int/neglected_diseases/preventive_chemotherapy/reporting/en/. Reprinted with 

permission. 

 

As the diagram shows, the national programmes manage the request for medicines through three 

forms: 1) the joint request for selected PC medicines (JRSM); 2) joint reporting form (JRF); and 3) the PC 

epidemiological data reporting form (EPIRF). The JRSM is the primary tool relevant to the supply chain, 

as this form specifies the amount of medicine donations the WHO will request from the pharmaceutical 

manufacturers, on behalf of the national programme(s) (WHO, 2013). The JRF and EPIRF are documents  

used to report on progress of distributing medicines and the accompanying epidemiological data, 

respectively (WHO, 2017c). Other PC medicines are also incorporated in Figure 11 but are managed 

through a separate process outside the joint mechanism without direct WHO facilitation. In the interest  

of focusing on the principal-agent relationship between the WHO and pharmaceutical manufacturers, 

the focus of this study will be on the four medicines managed through the joint mechanism.  

Figure 12 depicts the JAP submission in more detail with clearer perspective on the lead time needed for 

the WHO to raise an order to pharmaceutical manufacturers.  
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Figure 12: Timeline for completing joint application process. Reprinted from Joint Request for Selected 

Preventive Chemotherapy Medicines and Joint Reporting Form: A User Guide, “Background,” p. 9, Copyright 

(2013). Retrieved Jan 18, 2020, from 

https://www.who.int/iris/bitstream/10665/83962/1/9789241505499_eng.pdf?ua=1.Reprinted with 

permission. 

 

Submission of the forms is made by the NTD coordinator or Ministry of Health representative to the 

WHO country office (CO) representative and regional NTD focal point from the ministry’s office (WHO, 

2017c). Once the application is finalized, it is the WHO headquarters (HQ) which will actually raise the 

order to pharmaceutical manufacturers. Most importantly, there is a minimum of six months needed by 

pharmaceutical manufacturers for the “manufacture and shipment” process.  Therefore, the WHO HQ 

must place the order to the manufacturers at least 6 months in advance, the benchmark followed in the 

NTD supply chain. This is a critical point, as this provides the start ing point in the NTD supply chain 

understudy – the raising of a purchase order (PO) to manufacturers to initiate the shipment for delivery. 

The WHO divides itself into six regional offices (RO), per Table 7. It is these ROs that approve the 

application and provide clearance for WHO HQ to raise the PO to manufacturers. However, this study 

focuses on the WHO HQ relationship with the pharmaceutical manufacturers from the point of the order 

request by HQ, especially since tracking of shipment in the SCPMS primarily begins with the PO. 

Application dates and RO clearance are more passively tracked in the SCPMS, which will be reviewed in 

the “data collection” section in Chapter 4. Furthermore, the WHO HQ is represented in the NTD Supply 

Chain Forum to review SCPMS data, along with all other stakeholders supporting the shipment process. 

But WHO regional and country representation is limited in the NTD Supply Chain Forum. This context on 

the application processes is important to acknowledge and will be considered in the study, although not 
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the primary focus. Additionally, specific shipment performance will be examined at the WHO regional 

level to understand differences in performance of shipment delivery by region. As noted in Chapter 2, 

referring to simply the “WHO” in this research will indicate the WHO HQ level, unless specified 

otherwise. 

 

Table 7: Listing of WHO regional offices 

WHO regional office  Abbreviation  Headquarters Number of 
member states   

Regional Office for Africa  AFRO  Brazzaville,  
Republic of Congo 

47 

Regional Office for the Americas AMRO Washington, D.C., 
United States  

52 

Regional Office for the Eastern 
Mediterranean 

EMRO Cairo, Egypt 21 

Regional Office for Europe EURO Copenhagen, 
Denmark 

53 

Regional Office for Southeast Asia SEARO New Delhi, India 11 
Regional Office for the Western Pacific WPRO Manila, Philippines 37 

 

In conclusion, the focus on the PC NTD donation program is justified by the scale of donations involved, 

the unique nature of this supply chain due to closer WHO involvement than other NTD donations 

managed by the WHO, the importance of PC to achieve/maintain NTD control/elimination/eradication 

goals, and the greater accessibility of data through NTDeliver. When referring to the supply chain, it  will 

be referred to as the "NTD supply chain" for abbreviated purposes, but with the acknowledgement that 

this is not the exclusive NTD supply chain and other NTD donation supply chains exist that may differ in 

structure and scope. 

 

3.3 The NTD PC donation supply chain: partners, roles, process 

The JAP initiates the NTD supply chain managed between WHO HQ and pharmaceutical manufacturers. 

Chapter 2 provided a general overview of this end-to-end process. This section will review each segment 

of the supply chain with respect to overall process, involved stakeholders, performance measures, and 

common challenges.  

 

3.3.1 Overview of the general processes in the “first mile” 

Figure 13 is a diagram distributed to country-level stakeholders involved in the JAP to show how 

application and order processes fit in the delivery process. The segment in scope of this research begins  

at the fourth rung, with “purchase order must be raised,” which initiates the shipment process actively 

tracked in the SCPMS. As noted in Chapter 2, this segment of the NTD supply chain covering up to 
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delivery to central medical stores is referred to by partners as the “first mile;” this segment is considered 

as owned by the pharmaceutical manufacturers, with support from other partners (Koporc et al., 2015).  

The six-month order lead time is emphasized again in Figure 13: the first iteration shows a PO must be 

raised in June for a MDA occurring in the first quarter of the year, between Jan-March. Therefore, six 

months is the least amount of time needed between a PO and MDA and the WHO acknowledges six 

month as the benchmark (WHO, 2017a). The second iteration in Figure 13 accounts for MDAs occurring 

after the first quarter of the year but is consistent with these leads times. Figure 13 also highlights the 

timeliness standard of delivering one month prior to the planned MDA. 

The delivery timeliness performance is the primary metric to measure on-time performance and 

therefore will be the key focus in this research. While the WHO recommends a standard for delivery to 

central medical stores of two months before the planned MDA date, a minimum of one month is 

accepted (WHO, 2017a). Therefore, one month is the standard used in this research and delivery 

timeliness is assessed as the difference between the planned MDA date and delivery date to central 

medical stores in order to assess if the one month standard is met. As noted in Chapter 2, the processes  

that follow delivery to central medical stores to the point of MDA are referred to as the “last mile” of 

the NTD supply chain (medicine distribution within country programs) and are out of scope from this 

research (JSI, 2015).  Figure 13 is general and does not detail processes within the shown steps or 

illustrate forecasting processes related to demand and supply planning. This section will seek to review 

each stage in the NTD supply chain process, describing the steps, common challenges, and any relevant 

performance standards. Not every step described will be included in the research, due to SCPMS data 

limitations and/or relevancy to the research question – this is discussed further in Chapter 4. Consistent 

with the general process flows provided earlier in Chapter 2 from Figure 6, and Figure 13, the following 

processes will be reviewed: 

• Forecasting – demand and supply planning  
• Application and order  

• Manufacturing and fulfillment 
• Shipment  

• In-country processes: arrival to distribution via MDA 
o Arrival in-country  
o Customs clearance 
o Delivery to central medical stores 
o “Last mile” processes to provide to MDA 
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Figure 13: Country application flow process for NTD preventive chemotherapy medicine donations. 

Reprinted from NTDeliver Resources (2018). Retrieved Jan 22, 2020 from 

https://www.notion.so/NTDeliver-Resources-ab1c5647f87847e6b6c25a158be7dee4. 

 

3.3.2 Explanation of key supply chain processes, challenges, and performance standards 

Forecasting: demand and supply planning  

Forecasting in the NTD supply chain has two processes to project the order quantity and the 

manufacturing plan, which need defining as they are specific terms used by NTD partners. One process 
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involves defining what is deemed as the “soft demand” (flexible to change) and the other the “hard 

demand” (the supply is determined by confirmed orders). The soft demand is essentially a forecast of 

expected orders defined by the WHO HQ through the following inputs: the WHO PCT databank (a WHO-

managed database providing disease-specific epidemiological data, such as treatment coverage and 

population statistics), country applications via the JSRM, and PO shipping information (WHO, 2017c).  

Pharmaceutical manufacturers use both this “soft demand” from the WHO and “hard demand” from the 

purchase orders to inform their supply plan to support supply planning for manufacturing sites to ensure 

sufficient stock on hand. In fact, manufacturers also generate production forecast planning 1-2 years in 

advance, or more. Regardless, pharmaceutical manufacturers sometimes are not able to fulfill demand 

due to challenges such as limitations on donated medicine stocks and/or manufacturing capacity limits 

causing demand to exceed supply—this has been cited as a challenge for NTD programs in the July 2019 

WHO-commissioned evaluation report (Dyke et al., 2019). While some manufacturers are flexible on the 

quantity of donation commitments, other manufacturers impose caps on their donations. Such a 

challenge may be further exacerbated by information asymmetry between the principal and the agent: 

the onus is on the principal (the WHO HQ) to prioritize where the limited supply will be allocated but 

limited data transparency may compromise this ability for the WHO to conduct such an allocation in an 

informed manner.  

 

Application and order 

This supply chain process was discussed in detail in the previous section regarding the JAP and order 

processes. The defined application dates have changed over the years, but PO issue lead time has 

consistently required a minimum of six months prior to the MDA. Therefore, this six-month benchmark 

is the most dependable measurement to assess the performance over time. However, it is worth noting 

that while six months is the most consistent benchmark and the one recognised by the WHO, 

pharmaceutical manufacturers advocate for an eight-month lead time, noting this is what truly provides  

sufficient time to ensure on-time delivery. The research analysis will focus on the six-month benchmark 

but will review for the eight-month lead time as well. A challenge in the application process documented 

in the July 2019 WHO-commissioned evaluation report is that the capacity at a country level to complete 

the full JAP can be limited, primarily due to staff turnover/under-staffing and the long lead times 

involved in the application process (Dyke et al., 2019). Also, some fields in the application are 

challenging for the country level to populate – for instance, countries sometimes are challenged with 

reporting stock on hand due to either limited data or, conversely, information overload from various 

databases tracking stock (“Findings from Supply,” 2014). Hence, sometimes this field is left blank on the 

application. Another common challenge applicable has involved pharmaceutical manufacturers raising 

concern that the WHO HQ provides POs without sufficient lead time to enable pharmaceutical 

manufacturers to ensure timely delivery. Although data was tracked prior to the SCPMS, without the 

centralized data source provided by the SCPMS, this review of PO delays and impact has been 

challenging to conduct in a fact-based manner. One-off reports were previously pulled together from 

various sources to review this performance (CWW, 2019).  
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Manufacturing and fulfillment 

The manufacturing process involves the pharmaceutical donors sourcing raw materials, manufacturing 

active pharmaceutical ingredients and pressing tablets. Pharmaceutical manufacturers forecast planning 

for manufacturing 1-2 years before the PO is even raised. Once the PO is finalized, pharmaceutical 

manufacturers fulfill and package the order. Often, the medicines have already been manufactured 

before the order and are fulfilled from existing stock, as the medicines will be manufactured according 

to forecasted projections. Because of this quantity commitment upfront, to some extent this makes  the 

“in full” aspect of OTIF less relevant in this context—thus, the emphasis is focused on delivery 

timeliness. The medicines are then packaged and labeled through primary packaging (package 

components and subcomponents that actually come in contact with the product) and secondary 

packaging (outside the primary packaging and used to group primary packages together e.g., cartons, 

boxes, etc.) (Zadbuke et al., 2013). An issue in this process occurs when the manufacturer does not have 

enough manufactured stock to fulfill the order, which may delay shipment if such catch-up 

manufacturing is needed.  

 

Shipment 

The medicines move forward for shipment, once they are packed and labelled. The “go signal” is one of 

the unique processes instituted for the NTD supply chain to assure a shipment is ready to be received 

(also known as “green-light”) (Koporc et al., 2015). To obtain a “go signal,” which is provided by WHO 

HQ in collaboration with the WHO RO, the consignee (i.e. responsible party for receiving shipment in-

country) must confirm all necessary paperwork needed for customs clearance is provided before 

shipment, in order for the pharmaceutical manufacturer to move forward the needed shipment 

documentation (such as the packing list, bill of lading/airway bill, etc.) (Koporc et al., 2015). NGO 

partners will often support pharmaceutical manufacturers to organize this information and follow-up 

with in-country stakeholders to confirm needed documentation for customs clearance, also providing 

support through to customs clearance in-country. Sometimes delays will occur if in-country stakeholders 

do not provide timely feedback. All documentation will then be provided to the LSP to include with the 

shipment.  

The shipment may ship by one of three modes: sea, air, or land. Sea is less costly but has longer lead 

times since it is a slower pace of delivery. Air is faster but more costly and is  often used when a 

shipment must ship quickly to meet the scheduled MDA or where the destination has special security 

considerations (i.e. political instability). Land shipment is generally used when medicines are shipped 

within the same country of manufacture, particularly for shipments within India since there is a 

manufacturing site located in-country for one of pharmaceutical donors. The benchmarks for shipment 

lead time differ according to which mode is used. Medicine donations must be shipped three months 

prior to MDA if traveling by sea and one month prior if by air (Koporc et al., 2015). Land also generally 

follows a three-month benchmark. A challenge occurs when a shipment mode that is too costly and/or 

too slow is chosen – this speaks to the potential misalignment between agent and principal. The agent 

may be focused to reduce cost and be conservative to select a less costly shipment mode, since the 
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agent bears the cost in this supply chain covering logistics costs for the principal, while the principal may 

value speed over cost. 

 

In-country processes: arrival to distribution via MDA 

Once the medicines are shipped, the next phase of the supply chain occurs in-country with the arrival of 

the shipment. Delivery to the central medical store must occur one month prior to MDA (Koporc et al., 

2015). However, in between this arrival and delivery date, the shipment must clear customs. The time 

needed to clear customs varies by country - some countries may need less than a week and others more 

than a month, due to various issues such as changing requirements, bureaucracy, or merely consignee 

lack of knowledge (Koporc et al., 2015). Generally, such delays with customs are out of control of the 

pharmaceutical manufacturer and the WHO, but delays will incur demurrage, a penalty storage costs  as  

a result of not achieving clearance within an allotted timeframe (Koporc et al., 2015). In a 2019 July 

review commissioned by the WHO to evaluate NTD programs more assistance from the WHO (across  all 

levels) to support in challenges such as customs clearance was flagged as an opportunity to more 

effectively contribute to success of the NTD program. 

Per Figure 5, central medical stores are characteristic to both public sector and private sector 

pharmaceutical supply chains to developing countries (common in Africa, Asia, and Latin America). 

Central medical stores serve as an administratively and physically centralized means of stock entering 

through a centrally located warehouse often in the capital city, generally leveraged for humanitarian 

stock (Bornbusch & Bates, 2013). Once the shipment is delivered to the central medical store, the WHO 

will request “proof of delivery” from the LSP. This documentation confirms receipt of the shipment but 

is not always possible to provide if the LSP does not have staff presence at the in-country destination. 

However, this documentation is priority to the WHO. This concludes the first mile of the supply chain for 

which pharmaceutical manufacturers hold direct responsibility. From here, in the last mile, the 

medicines will travel to districts hospitals and sub-district centers responsible for final administration in 

MDAs via distribution by public-sector entities. Figure 14 provides a summary view of the processes 

described in the NTD supply chain.  
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Figure 14: Summary of NTD supply chain and relevant processes, challenges, performance standards  

 

3.3.3 Overview of supply chain partners and associated roles 

As previously mentioned, since the donation programs are driven by public-private partnerships, various  

stakeholders are involved in managing the supply of these donations. Table 8 provides a description of 

the roles of partners involved in the supply chain and the main process associated. 

 

 

 

Forecasting: demand 
and supply planning

•Process: "soft demand" calculated by WHO through various inputs; pharma manufacturers use "soft demand" 
information to create supply plan and "hard demand"

•Common challenges: difficulty for countries to account for inventory on-hand; demand sometimes exceeds supply

•Performance measure:  accuracy of forecast 

Application and order

•Process: application/order finalized at country/regional level; WHO HQ raises purchase order to manufacturer 

•Common challenges: in-country capacity to complete applications; prior to SCPMS, limitations on data 
visibility/tracking to understand impact of delayed POs

•Performance measure(s): timely submission of application against dates; timely PO issue (six months prior to MDA)

Manufacturing and 
fulfilment 

•Process: pharmaceutical manufacturers produce medications and package existing stock for shipment 

•Common challenges: if there is no stock on hand, pharma must manufacture catch-up supply 

•Performance measure: packing timeliness -no specific standard

Shipment 

•Process: "go signal" obtained from WHO to initate shipment; shipment shipped by air, sea, or land

•Common challenges: delays to obtain feedback  on customs processes; principal-agent conflicting in determing 
shipment mode 

•Performance measure(s): go signal timeliness (actual date compared against request date); timely shipment (one 
month prior to MDA if by air and three months prior to MDA if sea or land)

In -country processes: 
arrival to distribution 

via MDA

•Process: shipment arrives in country, clears customs, delivered to central medical store, then medicines will travel 
to district hospitals and then community center in order to be distributed via MDAs

•Common challenges: delays in customs clearance

•Performance measure(s): arrival timeliness - no specific standard; customs clearance timeliness - no specific 
standard, varies by country; delivery to central medical store one month in advance of MDA 
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Table 8:  Overview of the NTD supply chain partners  

Partner Description and primary role Primary process ownership/support  

Ministry of Health/NTD 

coordinator 

Submits “Joint Application Package;” quantifies needed 

medicines to reach targets, reports progress, and 

supports epidemiological reporting; supports last mile 
processes, including MDA  

• Application and order   

• In-country processes: arrival to 

distribution via MDA 

WHO country level  Receives “Joint Application Package” submissions and 

conducts “joint review,” citing any revisions needed; 

supports with delays in “go signal” and “customs 

clearance” processes 

• Application and order  

• In-country processes: arrival to 

distribution via MDA 

WHO – regional office 
(RO) level 

Review and approve the JAP; supports with delays in “go 
signal” and “customs clearance” processes 

• Application and order    

• In-country processes: arrival to 

distribution via MDA 

WHO – headquarter 

(HQ) level 

Accountable for raising timely purchase order (PO) to 

pharmaceutical manufacturers; liaises with 

pharmaceutical manufacturers regarding shipment 
status; supports with delays in “go signal” and “customs 

clearance” processes  

• Application and order  

• In-country processes: arrival to 

distribution via MDA 

Pharmaceutical 

manufacturers  

Accountable for manufacturing and fulfillment of 

medicine donation orders and ensuring on-time delivery 

to central medical stores; manages LSPs to support 
shipment processes 

• Manufacturing and fulfillment 

• Shipment 

• In-country processes: arrival to 

distribution via MDA  

Supporting non-

governmental 

organizations (NGOs) 

Supports to gain insight on country-level customs 

processes for “go signal,” such process to obtain 

customs and waivers etc., remove roadblocks during 
customs clearance; support by NGOs in the first mile 

varies by medicine/disease program and the specific 

NGOs supporting first mile compared to last mile differ 

• Shipment  

• In-country processes: arrival to 

distribution via MDA  
 

 

Third party logistics 
service providers (LSPs) 

Contracted by pharmaceutical manufacturer to deliver 
donations to in-country, central medical stores  

• Shipment  

• In-country processes: arrival to 

distribution via MDA  

 

3.4  The NTDeliver supply chain performance measurement system 

Driven by the supply chain challenges and the lack of integrated data to support working through those 

challenges, NTD Supply Chain Forum partners identified the need for an integrated supply chain tool to 

support shipment tracking. Prior to inception of the SCPMS, multiple Excel workbooks were used to 

track various processes for each pharmaceutical supply chain (CWW, 2019). In 2014, the NTD Supply 

Chain Forum commissioned RTI International (an independent, nonprofit institute) to develop an 

integrated solution for managing the supply chain (CWW, 2019). The cloud-based SCPMS was developed 

by the private company Standard Code and officially launched in September 2016 (CWW, 2016; “Real-

Time Tracking,” n.d.). Today, the data from the SCPMS is utilized by NTD Supply Chain Forum partners 

on a day-to-day basis and the metrics are reviewed in-depth, along with any relevant developments and 

enhancements to the system, in every quarterly NTD Supply Chain Forum meeting. The SCPMS has the 

four features displayed in Table 9. 
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Table 9: Core functionality of NTDeliver SCPMS. Retrieved Jan 22, 2020 from 
https://www.ntdeliver.com/about. 

Tool name  Functionality  

Planning and 

forecasting 

The “plan” page pulls relevant data from WHO’s PCT databank, country applications, and PO shipping 

information. This gives an overall view of the past and present, allowing WHO all the information 
they need to predict soft-demand. 

Production 
forecasting  

Allows pharmaceutical manufacturers a data-driven estimate of soft-demand, automatically pulled 
from Plan and coupled with hard-demand, pulled from purchase orders. 

Purchase order 

tracking   

Purchase order and shipping data is automatically loaded into the system. This data is combined with 

planned MDAs to create KPIs which al lows users to view projected and actual milestones. 

Country 

information  

Country-specific data pages include country-level information about population, shipping 

requirements, application statuses and purchase orders.  

 

The “purchase order tracking” feature was  the initial and primary focus of the tool’s development, as 

evident from the early presentations delivered in the NTD Supply Chain Forum meetings and the 

focused trainings on PO updates and stages; the data from this functionality is the focus in this research 

(Tunggala, 2018a). The tracking data provides status on all stages from PO issue and delivery; data from 

this segment of the SCPMS is also pulled into the “country” features of the tool. “Planning and 

forecasting” and “production forecasting” are concentrated on the planning phase of the supply chain 

and will also be less in scope for the study, as the focus is on delivery performance. Appendix 2 contains 

a screenshot of each of these four functionalities. A “last-mile tracking” feature was initiated by one of 

the pharmaceutical manufacturers with a pilot phase in Kenya that completed in January 2017 to track 

medicines distributed at the point of MDA distribution (“NTDeliver Last-mile,” 2017). In 2018, the NTD 

Supply Chain Forum agreed to roll out this feature for all medicines delivered within Kenya (“NTDeliver 

Last-mile,” 2017). This functionality in the SCPMS is still being incorporated and due to its limited 

country inclusion and focus on the last mile supply chain process, it is therefore not in scope.  

The data in the system has been sourced from the numerous reports and inputs used to track the 

medicine donations. The SCPMS has effectively automated eight different reports to enable time to be 

saved from cross-referencing the various inputs (“Real-Time Tracking,” n.d.). Figure 15 summarizes the 

key data sources and their respective frequency and timings for updates.  

 

Figure 15: Summary of key data sources inputs in NTDeliver SCPMS by update frequency/timing 
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Since its inception, the SCPMS has undergone developments and enhancements, based on user 

feedback and new initiatives for leveraging the SCPMS data. The timeline of key events relating to the 

SCPMS can be summarized per Table 10 (Tunggala, 2018a). 

 

Table 10: Timeline of development and enhancement to NTDeliver SCPMS 

Month/Year NTDeliver activity  

2014  NTD Supply Chain Forum commissioned RTI International to develop an integrated 
supply chain tool 

September 2016 System officially launched  

December 2016  All 2016 applications are uploaded into the system 

March 2017  “Share PO” button added to enable sharing of non-editable version of a PO with 
individuals without login information to the SCPMS tool  

May 2017  Renamed from “iNTegrateD” to “NTDeliver”  

February 2018  Country-specific data pages made publicly accessible in a view-only state, to enable 
visibility to users without a login 
 
Subscription features extended to users without a login to enable e-mail updates to 
be received for one or more countries selected 

June 2018  “Estimated” columns added for packing completion, arrival and delivery dates 
 
Webinar presented to country-level audience via the “ENVISION” project to present 
NTDeliver country pages  

February 2019  “Verified data” functionality added to indicate source and type of data entry (i.e. 
human entered, Excel entered, etc.)  

April 2019  “Country Specific Knowledge Base” added to share knowledge pertaining to each 
country, such as special processes for customs clearance 

 

In the timeline, the “PO tracking” feature is arguably the feature that has been utilized and enhanced 

more than any other, reiterating its importance. Also, one of the notable developments in the timeline is 

the release of publicly accessible “country pages” that occurred in February 2018. Enabling such 

transparency to country-level data is a noteworthy achievement, as often there are data ownership 

concerns by country-level stakeholders with the concern that the data is owned by the principal 

organization (such as national Ministries of Health) and this data should be retained as country property 

regardless of where it is stored (Pavluck et al., 2014).  
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Chapter 4: Research Methodology  
This chapter describes the study’s aims and the research design. The methodological approaches 

considered will be reviewed, in addition to an explanation as to why a quasi-experiment approach was 

selected as the preferred approach for the research question. The research approach, data collection, 

and data analysis for the study will also be discussed.  

 
4.1  Research questions, aims, and objectives  

The primary research question is: what is the impact of information sharing through a supply chain 

performance measurement system (SCPMS) on shipment performance within the NTD PC medicine 

donation supply chain? 

The aim of the research is to understand whether the introduction of information sharing through the 

supply chain performance measurement system (SCPMS) “NTDeliver” has had a positive impact by 

improving overall on-time delivery to central medical stores and other key performance indicators (KPI).  

The objectives of the research project are the following:  

1) To provide a descriptive perspective of performance of the neglected tropical disease 

preventive chemotherapy (NTD PC) donation supply chain both pre and post SCPMS 

implementation 

2) To determine if a relationship exists between information sharing through the SCPMS and 

NTD supply chain shipment performance 

3) To investigate whether confounding factors have had a moderating effect on the 

relationship of information sharing and NTD supply chain shipment performance 

It is not uncommon, especially in research reviewing the impact of an intervention, to conduct 

additional analysis to answer “secondary questions” to support defining future research areas 

(University College Dublin, 2010). As such, the following secondary research questions have been 

defined:  

1) What is the impact on NTD shipment performance of extending information sharing 

through publicly accessible country-level data? 

2) Does information sharing have a moderating effect on KPIs that are predictors for delivery 

timeliness? 

3) What is the impact of information sharing on upstream, country-driven KPIs? 

The hypotheses for the primary research questions are outlined in 4.4 in the research design overview 

and the hypotheses for the secondary research questions are explained in Chapter 6, in which the 

findings for the secondary research questions are presented.  
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4.2  Theoretical framework: principal-agent theory  

As discussed in Chapter 2, principal-agent theory is deemed to be a suitable theoretical framework for 

the research question, as the theory was designed to help understand the management of relationships  

in supply chains and can be applied to analyze supply chain performance improvement tools. The theory 

applies to the research question as it provides a framework for considering the role of information 

sharing via the NTDeliver SCPMS in alleviating supply chain performance issues driven by principal-agent 

dynamics between the WHO HQ (the principal) and pharmaceutical manufacturers (the agents). The 

systematic review conducted by Fayezi et al. (2012) of agency theory and SCM research found that the 

majority of SCM research using this principal-agent theory is indeed empirical. Thus, usage of this theory 

in supply chain research aligns with an epistemological perspective that seeks to provide an 

understanding of real-world behaviors in terms of agency logic (Mitnick, 2006). This supports usage of 

quantitative approaches in the methodology to study the application of principal-agent theory to the 

research questions and, as such, this research study will be based in quantitative methodology. 

 

4.3  Quasi-experiment research approach  

In the practice of public health research, the “seven P’s” refer to the types of interventions that can be 

delivered into new settings to improve health for individuals and populations: “programs, practices, 

principles, procedures, products, pills, and policies” (Brown et al., 2017). Although perhaps not a 

“classic” type of public health intervention, the SCPMS can be considered as the “product” type from the 

seven P’s, as the system is intended to support improvement of an objective sustaining the betterment 

of health for individuals and populations (Brown et al., 2017). To assess causality from interventions, 

randomized controlled trials, involving random assignment of subjects to an intervention or control 

group, are generally considered the “gold standard” for such research. However, in testing real-world 

application of interventions, random allocation is not always feasible and instead a comparison group 

and/or time period is established to reflect the outcomes had the intervention not been implemented 

(Brown et al., 2017). Campbell and Stanley (1963) referred to such research designs as “quasi-

experiments.” Quasi-experiment designs demonstrate causality between an intervention and outcome, 

but unlike randomized controlled studies, do not use randomization (Harris et al., 2006). These types of 

experiment designs are generally used when it is not logistically feasible or ethical to randomize, such as  

in the context of corporate and educational settings (Harris et al., 2006). In fact, most studies focused on 

supply chain interventions involve quasi-experiment approaches instead of randomized control trials  

(Kidoido & Child, 2014). These research designs can involve either preintervention and postintervention 

measurements and/or non-randomly selected control groups (Harris et al., 2006). 

The research question involves understanding the impact of information sharing through a SCPMS on 

delivery timeliness (and other KPIs) within the NTD PC medicine donations supply chain. A quasi-

experiment design is therefore considered to be particularly suited to the research question as the 

SCPMS was implemented in a real-world application that did not roll out the system in a phased 

approach, barring any ability to conduct randomization. Therefore, the “one-group pretest-posttest 
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design without control group” type of quasi-experiment can be used to leverage historical data available 

on performance to understand the impact of this SCPMS intervention. In this  type of design, the same 

dependent variables are measured in one group before (pretest) and after (posttest) an intervention is 

implemented (Jackson, 2016). A pretest measurement is taken (O1), an intervention (X) is implemented,  

and a posttest measurement is taken (O2); period “O1” serves as a “control” period. Note that the group 

in the “pre” and “post” scenarios does not need to strictly be the same group but should be in the same 

setting. For instance, in a hypothetical study assessing pharmacy costs after implementing a pharmacy 

order-entry system, O1 could be pharmacy costs prior to the intervention, X could be the introduction of 

a pharmacy order-entry system, and O2 could be the pharmacy costs following the intervention (Harris 

et al., 2006). This O1 pretest group serves as a pseudo control group to provide comparison against what 

pharmacy costs may have been without the intervention occurring (Harris et al., 2006). 

Certainly, because of the lack of randomization, there are limitations in quasi-experiments that threaten 

validity. With respect to the one-group pretest-posttest design without control group, Campbell and 

Stanley (1963) note two uncontrolled, rival hypotheses: 1) history, and 2) maturation. “History” refers to 

the notion that the elapse of time between the two observations may instead explain the differences 

between the “pre” and “post” groups. “Maturation” is also a rival hypothesis that points to participants  

maturing (physically or psychologically) between the pre- and post-tests as the explanation for 

significant difference (Campbell & Stanley, 1963). Also, outside of these two rival hypotheses specific to 

this type of quasi-experiment design, the lack of randomization may also cause an inability to sufficiently 

control for important confounding factors (Harris et al., 2006). 

Despite these challenges, as with any limitations to the type of design used, there are ways to control 

and minimize the impact of the limitations. Robustness checks can be leveraged to ensure the “pretest” 

serves as an adequate pseudo control group—for instance, a “double pretest” can be undertaken to 

compare performance within the pretest group (Knapp, 2016). Should results from such a double 

pretest show that the difference between the pretest and posttest is much greater than the difference 

between the two pretests, this further supports the effect of the intervention as cause for the difference 

in performance between the pretest and posttest groups (Knapp, 2016). Although randomization is not 

in place, control variables may still be incorporated to limit impact, especially if using a regression 

analysis. In fact, studies in the healthcare industry comparing “true experiment” designs to quasi-

experiments within the same setting have found results produced by the two research approaches can 

emerge as “effectively identical” when a strong quasi-experiment framework with the appropriate 

control variables and robustness checks is applied (Berk, 2009). In this research study, control variables 

and robustness checks will be applied to strengthen the validity of the results, which will be described 

further in section 4.7 in the “data analysis.” Further discussion of the limitations of the research design 

will be reviewed in Chapter 7.  

 

4.4  Research design (including ontology and epistemology) 

Since the research project design is a quasi-experiment, the focus is on real-world application, aligning 

this research design with a positivist epistemological perspective. Positivism focuses on identifying 
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causal relationships by which observable phenomenon is explained (Grubic & Fan, 2010). Although SCM 

research began embracing more understanding of social and behavioral elements, the overall body of 

research has a positivist, epistemological perspective (Omar et al., 2012). Further affirming this positivist  

epistemological perspective, supply chain performance research follows an objectivist paradigm as the 

ontological framework, focused on a reality that exists independently of the observer and is not 

grounded in perception since supply chain performance is quantitatively measured and assessed (Grubic 

& Fan, 2010). Because this research study follows a positivist-objectivist framework, quantitative 

methodology typical of a quasi-experiment is used to address the research questions: linear regression, 

moderation analysis, and logistic regression. The sections which follow explain the methodology, data 

sources, and the variables to be reviewed in the research design.  

 

4.4.1 Methodology 

To address both the primary and secondary research questions, an exclusively quantitative research 

design will be used, which is aligned with the methodology typical to a quasi-experiment. To answer the 

primary research question, a linear regression model will be used to review if there is a significant 

relationship between the SCPMS and seven dependent variables: 1) timeliness of PO issue, 2) go signal 

timeliness, 3) shipment timeliness, 4) arrival timeliness, 5) customs clearance timeliness, 6) delivery 

timeliness, and 7) proof of delivery timeliness. These seven dependent variables are KPIs reviewed 

through the NTD Supply Chain Forum and are of interest to the supply chain partners involved, including 

the WHO. Of course, delivery timeliness is regarded as the most critical measure in the supply chain.  

Regression analysis is used to measure the relationship between variables, including the strength of the 

relationship (Gallo, 2015). This quantitative method of analysis is fitting, as the aim is to determine the 

relationship between the introduction of the SCPMS and impact on supply chain indicators. Because the 

research seeks to study relationships between variables a quantitative, econometric methodology is 

appropriate to study the impact before and after the intervention in an objective manner. Additionally, 

quantitative methodology is justified since as the information used to assess the performance will entail 

a large sample size of numerical data. Because the assessment of “performance” can be subject  to bias  

and interpretation, this quantitative approach will limit qualitative interpretation that may produce bias.  

Other methods used to address the secondary research questions include logistic regression analysis 

and moderation analysis. The usage of these methods will be discussed further in section 4.7.  

 

4.4.2 Scope inclusion/exclusion  

As reviewed in Chapter 3, there are numerous medicines for NTDs donated by various pharmaceutical 

manufacturers. However, this research’s scope will be focused on PC medicine donations managed by 

the WHO through the “joint mechanism.” These PC medicines include: diethylcarbamazine citrate, 

albendazole, mebendazole, and praziquantel (WHO, 2010). This focus is justified by the considerable size 

of PC donations, the unique nature of this supply chain due to WHO involvement, the importance of PC 

to achieve and maintain NTD targets, and accessibility of data through the NTDeliver SCPMS.  
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There are no “participants” in this study, but the inclusion and exclusion criteria for the shipment data 

review is the following: 

• Inclusion criteria:  
o WHO-managed PC donation supply chains: four pharmaceutical manufacturers 

(GlaxoSmithKline, Merck KGaA, Johnson & Johnson, and Eisai) and four medicines 
(albendazole, praziquantel, mebendazole, diethylcarbamazine) treating three diseases 
(soil-transmitted helminthiasis, schistosomiasis, lymphatic filariasis)  

o Countries that are endemic with one or more tropical diseases and are classified within 
one of the six WHO regions: Regional Office for Africa (AFRO), Regional Office for the 
Americas (AMRO), Regional Office for the Eastern Mediterranean (EMRO), Regional 
Office for Europe (EURO), Regional Office for Southeast Asia (SEARO), Regional Office for 
the Western Pacific (WPRO) 
 

• Exclusion criteria:  
o Non-PC medicine donations 
o Procured PC medicines (i.e. non-donated medicines) 
o PC donation supply managed outside the joint mechanism process, without direct WHO 

facilitation 
o Shipment data which contains missing data (indicated by an “N/A” or a blank entry in 

the SCPMS “monitoring table” download) for needed supply chain data points (exclusion 
process to follow “pairwise” deletion, explained in section 4.5) 

 

4.4.3 Data sources and sampling approach 

There are three types of secondary research strategies: content analysis, secondary analysis and 

systematic review (Salkind, 2010). This research will use secondary analysis, which involves using 

quantitative data previously collected by others for a different purpose (Golden, 1976). The research will 

use secondary data from the NTDeliver SCPMS, which is collected from all NTD supply chain partners 

supporting PC delivery to central medical stores. This system also houses the historical data needed for 

the “pretest” aspect of the “one-group pretest-posttest design without control group” type of quasi-

experiment design being applied to this research. Permission has been granted to use this data by the 

NTD Supply Chain Forum, addressed further in section 4.5. The data is derived from vetted, existing data 

sources managed by NTD supply chain partners, as Figure 15 previously showed – these sources include:  

• WHO Preventive Chemotherapy and Transmission databank 
• Data provided to WHO COs by the countries’ Ministry of Health through the JAP to request 

donations 

• POs raised by the WHO HQ 
• Shipping documents produced by LSPs  

 
Thus, the data represents credible sources. Furthermore, the scale is sizeable and sufficient for research 
purposes, representing four manufacturers and four medicines, covering almost 11.5 billion donated PC 
medicines to 108 recipient countries representing over 1,300 shipments. Most importantly, data is 
inclusive for all donation shipments, including historical data prior to the implementation of the SCPMS. 
The data covers shipments with POs raised between 2006 through the end of 2018. 
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The shipment data in the SCPMS was pulled on December 31, 2018 and then segmented in 2 groups to 

compare the impact of the system on the indicators, using a “one-group pretest-posttest without 

control group” type of quasi-experiment design:  

• Shipments with POs raised prior to the SCPMS, i.e. “pre-system” (2006-August 31, 2016)  

• Shipments with POs raised after the SCPMS was instated, i.e. “post-system” (September 1,  
2016-Dec 31, 2018) 

 
Further details on the data collection processes will be discussed in section 4.6.  
 

4.4.4 Variables to address primary research question and relevant hypotheses 

A summary of the variables is provided for the variables that address the primary research question. The 

variables relevant to the secondary research questions, although not differing considerably from those 

addressing the main question, will be addressed in Chapter 6 with the findings on the secondary 

questions. Table 11 provides an overview of the variables and their associated benchmarks.  

 

Table 11: Definitions for all variables addressing primary research question   

Variable type  Label  Benchmark/ 
performance standard 

Characteristics/description  

Independent   Existence of 

NTDeliver 

supply chain 

performance 
measurement 

system 

N/A Binary (or dichotomous) variable distinguishing whether the 

donation order has been tracked within the supply chain 

performance measurement system; “pre” (“0,” for the binary 

coding) is assigned to orders placed before September 1, 2016 
and “post” (“1, for the binary coding) is assigned to orders 

placed on and after this date since September 1, 2016 is the 

date of the SCPMS implementation  

Dependent  Purchase order 
(PO) timeliness  

Six months issue before 
MDA 

Continuous variable measuring the timeliness of the PO 
provided by the WHO HQ to initiate the order for the 

pharmaceutical donation 

Go signal 

timeliness  

No specific benchmark; 

calculate as difference 
between requested and 

actual go signal date - 

lower number indicates 

better performance  

Continuous variable documenting an optional stage in the 

supply chain that is dependent upon the shipping method and 
provides approval from the WHO for the order to be shipped, 

on the condition of needed documentation being prepared by 

the pharmaceutical manufacturer and logistics provider and 

customs and waivers etc., generated by WHO country office 
and government ministries; calculated by finding the number 

of days between go signal request date and go signal 

approved date 

Shipment 

timeliness  

Three months prior to 

MDA for sea/land; one 
month prior to MDA for 

air 

Continuous variable measuring the timeliness of the order 

being shipped from the manufacturing site; calculated by 
finding the number of months between the shipment  date 

and the MDA  
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Variable type  Label  Benchmark/ 

performance standard 

Characteristics/description 

Dependent  Arrival 

timeliness  

No specific benchmark – 

compare against number 

of months arrived before 
MDA; higher number 

indicates earlier arrival 

and facilitates more time 
for customs clearance   

Continuous variable measuring the timeliness of the arrival of 

the shipment into the country; calculated by finding the 

number of months between the arrival date and the MDA  

Customs 

clearance 

timeliness  

No specific benchmark; 

calculate as amount of 

days after arrival date – 

lower number indicates 
faster customs clearance 

Continuous variable measuring the speed of the shipment 

clearing customs once it arrives in-country; calculated by 

finding the difference in the number of days between arrival 

date and actual customs clearance date 

Delivery 

timeliness  

One month prior to MDA  Continuous variable measuring the timeliness of the 

shipment’s arrival to the delivery warehouse; calculated by 

finding the amount of time between the delivery date and the 

MDA   

Proof of 
delivery 

timeliness 

No specific benchmark – 
compare against days 

provided after delivery; 

lower number indicates 
faster provision  

Continuous variable measuring the timeliness of the logistic 
provider’s provision of a “proof of delivery” document for 

which the WHO values receipt to confirm delivery; calculated 

by finding the amount of time between the delivery date and 
proof of delivery date  

Control  Order size  N/A Continuous variable which identifies number of tablets 

ordered 

WHO region  N/A Categorical variable which identifies the WHO region the 

ordering country is associated with  

Type of 

medicine  

N/A Categorical variable which identifies the specific donated 

medicine ordered; four medicines are in scope: albendazole 
(ALB), diethylcarbamazine citrate (DEC), mebendazole (MEB) 

and praziquantel (PZQ); each specific medicine is associated 

with one pharmaceutical manufacturer, but may be used to 

treat more than one disease  

Mode of 
shipment  

N/A Categorical variable which identifies the mode of shipment 
for the given order; one of three modes identified for each 

order: air, sea, or land  

Disease 

treated 

N/A Categorical variable which identifies the disease the medicine 

is used to treat; three diseases in this study: lymphatic 
filariasis (LF), schistosomiasis (SCH), or soil-transmitted 

helminthiasis (STH)  

 

Both the independent and dependent variables are variables created from the data in the SCPMS and 

the process to create these variables is described in further detail in the “data analysis” section. These 

variables may also be referred to as KPIs. Further details on the rationale for the dependent variables 

included will be discussed in section 4.6, “data collection.” The most critical dependent variable in 

review is delivery timeliness, as this is the metric for which performance of the agent (pharmaceutical 

manufacturers) is measured by the principal (the WHO HQ) and is the metric closest to the 

“customer”— the patients receiving the medicine donations in the MDA. In research involving a 

randomized control design, such a variable may be referred to as the “primary outcome,” the variable 

considered most important to the researcher out of many dependent variables (Andrade, 2015). 

Confounding factors, incorporated via control variables, are also in scope of the research design to 

assure the relationship of the independent and dependent variables is the not skewed or invalidated by 

other confounding factors. As discussed previously, because a quasi-experiment design is used and 
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randomization is not conducted, controlling for confounding factors becomes even more important to 

defend against the counter hypothesis that any other factor than the intervention was cause for the 

difference between the pretest and posttest results (Harris, 2006). The controls for medicine and 

disease were chosen with consideration to the fact that the medicines are produced by different 

manufacturers for different disease programs, which may lend itself to some variability in the supply 

chains. The region was also included as a control since performance may vary according to the 

destination – shipment routes and customs clearance processes vary according to the destination. Mode 

of shipment was incorporated as a control since the shipment speed varies between air, land, and sea. 

Finally, although the supply chain process is the same regardless of order size, larger orders could take 

more time to prepare and smaller orders are often shipped by air, making this also a necessary factor to 

control.  

 
 
The following are the hypotheses for the relationship between the independent variable and each 

dependent variable:  

H1: There is a positive relationship between the usage of a SCPMS and purchase order timeliness 

H2: There is a positive relationship between the usage of a SCPMS and go signal timeliness 

H3: There is a positive relationship between the usage of a SCPMS and shipment timeliness  

H4: There is a positive relationship between the usage of a SCPMS and arrival timeliness  

H5: There is no significant relationship between the usage of SCPMS and customs clearance 

timeliness 

H6: There is a positive relationship between the usage of a SCPMS and delivery timeliness 

H7: There is no significant relationship between the usage of a SCPMS and proof of delivery 

timeliness, but there may be a positive increase in the availability of this data    

 

Note that for nearly all dependent variables, a positive relationship is expected between the 

implementation of the SCPMS and impact on performance on the variable. The exception is customs 

clearance timeliness and proof of delivery timeliness, for which no significant relationship is 

hypothesized. The relationship for customs clearance is hypothesized since this dependent variable is 

primarily driven by the country processes and outside of the control of both the principal and the agent. 

Therefore, while this is an important process in the NTD supply chain since delays may impact on-time 

delivery to the central medical store, the information sharing is not expected to have a significant 

impact. Similarly, for proof of delivery timeliness, this is exclusively managed between the LSP and the 

WHO HQ, without engagement from the pharmaceutical manufacturer. The pharmaceutical 

manufacturer is not engaged in this step since this is administrative documentation of delivery that 

extends beyond the responsibility for pharmaceutical manufacturers to ensure on-time delivery. Since 



68 
 

this process is then not managed between the principals and agents in scope of the model, there is no 

significant impact expected from information sharing.  

 

Figure 16 provides a conceptual perspective of the research model:  

 

 

 

 

 

 

 

 

 

 

 

Key:  

Red = independent variable  

Blue = dependent variables  

+ = positive relationship  

0 = no significant relationship  

 

Figure 16: Conceptual research model  

 

4.5  Ethical considerations 

The following section briefly reviews and discusses the primary ethical considerations of the study. 

Foremost, consent for the research study and use of secondary data from the NTDeliver system has 

been obtained from the NTD Supply Chain Forum leadership. Permissions are also granted from the 

WHO to reprint the process diagrams referenced in Chapter 3 and these documented permissions from 

the WHO are provided in Appendix 1. Additionally, the research proposal has been reviewed and 

approved by the University of Bath School Research Ethics Approval Committee for Health (REACH), per 

the documented approval in Appendix 3. Because primary data is not being collected and secondary 
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data is being used, there are no other notable external approvals needed. Furthermore, no personally 

identifiable information is included in the secondary data and supply chain partners providing data in 

the system have agreed to provide visibility to one another (CWW, 2017). Therefore, there is limited 

concern of compromising confidentiality among partners. The appropriate data storage considerations 

have also been considered to ensure data is appropriately protected and any ethical issues of 

inadequate data security are prevented: any supply chain metrics downloaded for analysis from the 

SCPMS will be stored on a password-protected Excel file. Any printed data will be stored in a secured 

lockbox. Source documents will be retained for five years following conclusion of the study.  However, 

most of the data used in the research is now publicly available through the SCPMS.  

Other ethical considerations identified, reviewed, and accounted for include the following:  

• Anti-trust: Because this study does not involve a commercial supply chain generating revenue 

and focuses on donated product for humanitarian purposes, there is no risk to violating anti-

trust regulations is low. To eliminate any risks of violation, no logistics cost-specific information 

(such as freight rates) will be relevant, as the pharmaceutical manufacturers do financially 

support the logistics for the medicine donations.  

• Patient confidentiality: No patients will be involved in the data collection and no personally 

identifiable information will be collected. Therefore, there is no compromise to patient 

confidentially is expected. Data provided on the country applications has no patient data, only 

medicines requested to support mass treatment and general population counts and percentages 

by demographic (WHO, 2012).  

• Reputational risk for supply chain stakeholders:  Reputational risk could be a concern for the 

pharmaceutical manufacturers since the data may reveal supply chain deficiencies  for specific 

manufacturers. However, the secondary data in use is already semi-public (most key data 

accessible by any external audience) and all data is fully transparent to all other stakeholders in 

the NTD supply chain using the system. To mitigate reputational risk, the analysis will code both 

the medicine and disease names, so the manufacturer/medicine is blinded and cannot be 

readily identified. The disease name must also be blinded, as not blinding the disease may cause 

for easy identification of the medicine, as some medicines treat one disease.  

 

4.6  Data collection  

 

4.6.1 Data source and summary  

Before midnight on December 31, 2018, the “monitoring table” was downloaded from the “downloads” 

option in the SCPMS, as seen in Appendix 2. All data download options were reviewed, with this 

monitoring table being identified the appropriate source to serve as the primary data set for the 

research. The monitoring table consists of an Excel report which contains data on every PO tracked in 

NTDeliver, including the POs tracked prior to implementation of the SCPMS. From the other download 
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options, there are also options to download a “consolidated tracking” and a “shipping info” report. 

These reports were also downloaded and reviewed but determined to not be in scope as the reports are 

only specific to one pharmaceutical manufacturer and were identified as source data input into the 

monitoring table for this specific manufacturer.  

Table 12 summarizes the available data in the SCPMS relevant to each process in the NTD supply chain. 

Specific sources for each of these data points were confirmed by cross-referencing the “data dictionary” 

resource in the “training and documentation” section of the SCPMS, provided in Appendix 2.  The “PO 

stages” training document on the same resource page also provided detail on the source of key data.  It 

is worth noting that Table 12 is not comprehensive of all data included in the monitoring table and has 

been selected based on its relevancy to one of the key processes in the NTD supply chain. 

 

Table 12: Available data in the SCPMS, organized by NTD supply chain process  

NTD supply chain 

process  

Relevant data and 

data name in SCPMS 

Data 

type  

Source What does the data indicate? 

Forecasting: 

Demand and 
supply planning  

Tablets forecasted Number  WHO HQ-maintained 

forecasting data  

WHO-driven “soft demand” 

forecast of medicine to be 
requested by country  

Tablets requested Number  JSRM  Quantity requested on country 

application  

Tablets ordered  Number  WHO HQ PO  Quantity requested in the PO   

Application and 

order  

Application 

submission  

Date  WHO HQ-maintained 

application Excel file  

The date of the JSRM sub 

mission by the country  

RO clearance  Date  WHO HQ-maintained PO list  Indicates date JSRM approved 

by WHO regional office  

PO raised  Date  PO tracking document in WHO 
Online Workspace 

Indicates date PO was raised by 
WHO HQ in Geneva 

Manufacturing 

and fulfillment  

Estimated packing 

completion  

Date Automated pharmaceutical 

manufacturer packing list, if e-

mail SCPMS; otherwise, 

manually entered  

Indicates expected date for 

packing shipment 

Actual packing 

completion  

Date  Automated pharmaceutical 

manufacturer packing list, if e-

mail for SCPMS is copied; 

otherwise, manually entered   

Indicates the actual date the 

shipment was packed  

Shipment 

Go signal request 
date 

Date  Manual entry in the SCPMS Date for which the go signal is 
requested to be provided by  

Go signal approved 

date  

Date Manual entry in the SCPMS Actual date go signal is provided  

Mode of shipment Text  Logistic service provider (LSP) 

“control tower” data; or, bulk 

load via shipping import table, if 
LSP does not use control tower   

Describes the type of shipment 

the medicine is sent by – air, 

sea, or land  

Shipment date  Date  LSP “control tower” data; or, 

bulk load via shipping import 

table, if LSP does not use control 
tower   

Date the medicine is shipped to 

the country  
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4.6.2 Initial data review: availability, missing data, and quality  

To determine whether the data set can be used for the analysis, the raw data was reviewed for 

relevancy to the research question and impact of missing data. As discussed in Chapter 3, the planning 

phase of the NTD supply chain is less in scope for the study, as the focus is on delivery performance and 

the processes managed between the WHO HQ as the principal and pharmaceutical manufacturer as  the 

agent. The “application submission” and “RO clearance” are data points that do not align with this focus  

and therefore are out of scope since they relate to process managed between the country, regional, and 

HQ levels of the WHO. While there are forecasting processes managed between the WHO HQ and 

pharmaceutical manufacturers, the forecasting-relevant data in the monitoring table only reflects the 

processes between country, regional, and HQ levels of the WHO since none of this data comes from the 

pharmaceutical manufacturers “hard demand data.”  

NTD supply chain 
process  

Relevant data and 
data name in SCPMS 

Data 
type  

Source What does the data indicate? 

In -country 

processes: arrival 

to MDA  

Estimated arrival 

date  

Date  LSP “control tower” data; or, 

bulk load via shipping import 

table, if LSP does not use control 

tower   

Date the medicine is expected to 

arrive in-country  

Actual arrival date  Date LSP “control tower” data; or, 
entered manually, if LSP does 

not use control tower   

Date the medicine actually 
arrived in-country  

Actual customs 

clearance  

Date  LSP “control tower” data; or, 

entered manually, if LSP does 
not use control tower   

Date the medicine cleared 

customs  

Estimated delivery 

date 

Date  LSP “control tower” data; or, 

entered manually, if LSP does 

not use control tower   

Date on which the shipment is 

estimated to be delivered to the 

central medical store 

Delivery warehouse   LSP “control tower” data; or, 

entered manually, if LSP does 
not use control tower   

Date on which the shipment is 

actually delivered to the central 
medical store  

PoD  LSP “control tower” data; or, 

entered manually, if LSP does 

not use control tower   

Date on which the WHO HQ 

receives the proof of delivery 

document  

Planned PC  Source updated up to three 
times: 

1) Initially manually 

entered by WHO on 

SCPMS “plan” page 
2) Replaced by JSRM, 

when uploaded to 

SCPMS  

3) If the MDA date 
changes from the 

JSRM date, WHO will 

update via the SCPMS 

“PO tracking” and 
update processed on 

PO within 24 hours  

Indicates the planned MDA date, 
i.e. planned preventive 

chemotherapy (PC), and is 

updated to stay current as the 

order progress through the 

application to the PO process  

Note that for countries with 
more than one MDA date, the 

MDA date is updated as MDA 

date two by the WHO on the 

“PO tracking” page  if the PO is 
not intended for MDA date one 

Actual distribution 

date  

 Unknown Date on which the medicine is 

actually distributed via MDA  
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To review forecasting in alignment with the review of the WHO and pharmaceutical manufacturer 

principal-agent relationship, there ideally would be available the “hard demand” that pharmaceutical 

manufacturers outline in their production forecasting. While hard demand data is available in the 

SCPMS, it is available only at an annual view and not shipment-level to be able to effectively analyze. 

Hence, the variable “forecasting variance” will be addressed as an extension to the analysis reviewing 

impact on WHO HQ/RO/CO processes and is out of scope from answering the primary research 

question. While this data is out of scope of addressing the main research question, this forecasting data,  

application submission, and RO clearance will still be reviewed within Chapter 6 to address the 

secondary research question regarding impact of information sharing on upstream, country-driven 

processes.  

To support a review for missing data, a column in the monitoring table was added to indicate if the 

shipment data was considered “pre” or “post” to support reviewing data availability by group. In order 

to address the research question, a large sample size should exist both for the “pre” and “post” data 

groups. The data downloaded included 1,484 total shipments, with 1,068 shipments classified in the 

“pre” SCPMS group and 416 in the “post” SCPMS group. However, the sample size for each dependent 

variable being tested varied, due to unique data availability for each data point.  A cursory review of 

data availability was conducted for each of the data points in Table 12 to see first if there were obvious 

limitations, such as little to no data for some data points. After this cursory review eliminated some of 

the data points, a more detailed missing data analysis was conducted, further described in Chapter 5.  

Data points without a value available were indicated by a pre-populated “N/A” in the monitoring table – 

i.e. signifying “not available.”  However, the “N/A” may also represent unavailability of the data – this  is  

particularly the case for older orders, especially for those made prior to implementation of the SCPMS.  

For more recent shipments, this “N/A” may simply reflect the data is not yet available since the  

shipment has not yet reached the stage in the supply chain process; more on these criteria is described 

in Chapter 5. A descriptive analysis was conducted in SPSS for all data, and also for all data split between 

the “pre” and “post” data groups, shown in Appendix 4. From this review of the raw data descriptive 

analysis, “estimated delivery date” was seen to have a “N/A” for all “pre” SCPMS shipments  and 

therefore this data point was excluded from use in the analysis . However, this did not pose an issue to 

including delivery timeliness as a dependent variable in the study, since there is a clear benchmark for 

this KPI – delivery one month prior to the MDA (Koporc et al., 2015). The “planned PC” data point had 

sufficient data to be able to calculate this delivery timeliness against the standard benchmark and 

ensure this critically important dependent variable could be included in the research scope.  

Furthermore, “estimated packing” had > 90% of “pre” shipment data with “N/A” and “actual packing 

date” had only one data point in the “pre” shipment data. All data across both “pre” and “post” for both 

of these data points was only available for one medicine. Therefore, calculating packing timelines was 

unfortunately completely removed from scope of the analysis due to this limitation in data availability. 

“Estimated arrival date” also had limitations in availability with > 90% of “pre” with “N/A” and this data 

point was removed. However, this did not pose an issue since arrival timeliness is also calculated as 

against the MDA date. Finally, “actual distribution date” had no data populated, including no “N/A”s—

however, this did not pose an issue as this process is out of scope. 
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Therefore, from Table 12, the following data were left in scope of the main research question review: 

PO raised, go signal request date, actual go signal date, mode of shipment, shipment date, actual 

customs clearance, delivery warehouse, proof of delivery, and planned PC. It is worth noting some of the 

remaining data in scope does have a higher proportion of representation in the “post” versus “pre” 

group, as compared to the overall data. The specific numbers on data availability and discussion of the 

limitations posed by the over-representation for some data points in the “post” group is discussed 

further in Chapter 5. Outside of the data availability and missing data analysis, the data quality for every 

KPI was also reviewed to ensure no obvious typing errors or questionable dates were entered. This data 

validity review was conducted by referencing the descriptive analysis after the variables were created: 

particularly, the mean, minimums, and maximums to pinpoint data validity issues from potential typing 

errors, described in Chapter 5.  

 

4.6.3 Data collection for control variables  

Within the monitoring table, there were also data points relating to identifying the control variables, 

summarized in Table 13.  

 

Table 13: Available data in the SCPMS related to control variables  

Control variable   Relevant data and data name in SCPMS Data type  Categories in scope  

WHO region Region Text  
AFRO, AMRO, EMRO, EURO, 

SEARO, WPRO 

Type of medicine  Medicine  Text  ALB, DEC, MEB, PZQ 

Disease treated   Use  Text  LF, SCH, STH 

Order size  Tablets ordered  Number  N/A 

Mode of shipment  Mode of shipment  Text Sea, air, land  

 

When reviewing the categories, it was seen that “TCZ” and “fasciola” were options under medicine and 

use, respectively. It was deduced that this referred to Triclabendazole (TCZ), a WHO-recommended 

medicine for treatment of human fascioliasis donated by Novartis, but not managed under the same 

“joint mechanism” process as the other PC medicines  (“Fascioliasis Partnership,” 2018). These two 

categories only corresponded to one shipment and it is unknown why this medicine was included in the 

SCPMS for one shipment. Consequently, this shipment for TCZ was removed from the data set.  Recall 

that the medicine and disease names will be blinded in the data analysis, in order to respect 

confidentiality of the pharmaceutical manufacturer, as previously discussed in the “ethical 

considerations” section. 

Outside of the data in this monitoring table, no additional data collection processes were used to collect  

data to address the secondary research questions. The forecasting data, application submission, and RO 

clearance are the only data points used to address a secondary research question and were able to be 
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captured in the monitoring table. Unique additional data analyses processes were used to address the 

secondary research questions, to be discussed in the subsequent section. 

 

4.7  Data analysis methodology  

Regression analysis is a common option for quasi-experiment studies, due to its ability to control for 

potential confounders and thereby produce a more meaningful result of the intervention effect, in 

absence of randomization (Achen, 1986). Based on the characteristics of the variables and assumptions 

involved, an ordinary least squares (OLS) regression model was determined to be the most appropriate 

type of regression model to address the main research question reviewing the effect of the SCPMS on 

delivery timeliness and other KPIs. 

 Additional quantitative, statistical analyses were conducted to support the secondary research 

questions include: moderation analysis and logistic regression analysis. SPSS version 25 is the instrument 

used to conduct all analyses, as it can run all types of regression analyses and statistical tests planned. 

Microsoft Excel 2007 was used to calculate and create new variables , conducted directly in the 

monitoring table downloaded from the SCPMS. A copy of the raw, unmodified data downloaded was 

saved for reference as a protected Excel workbook to ensure read-only status and prevent against any 

accidental changes to the raw data during data analysis. Table 14 summarizes the key steps in the data 

analysis and each process is described in the subsections that follow.  

 

 

Table 14: Data analysis steps in the research study  

Data analysis step Involved processes  

Review raw data quality, descriptive 

analysis, and missing data 

Initial data review of raw data for availability, missing data, and quality. Run 
descriptive analysis of characteristics of the raw data on data counts and 

measures of central tendency.  

Select and prepare the variables 

 

Selection and creation of variables to be included in the regression.  Dummy 

coding of categorical, control variables.  

Additional data quality review and data 

cleaning of dependent variables 

Assessment of data validity and further data cleaning on the variables created. 

Conducted missing data review and analysis on raw data to better understand 

how data availability accounted for differences in dependent variable 

representation. 

Conducting the regression 
 

Use SPSS statistical instrument to run linear regression.  
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Data analysis step Involved processes  

Interpret results, conduct robustness check, 

and conduct regression with outliers 
removed  

 

Review and interpret regression analysis results. 

 

Different robustness checks will be performed to ensure there is high 
confidence that the results can be attributed to the SCPMS intervention and 

to provide better understanding of confounding factors. Also, the regression 

analysis is run with potential outliers removed to compare results.  

 

Additional analyses to address secondary 

research questions 

 

Conduct moderation analysis and logistic regression analysis to address 

secondary research questions.  

 

 

4.7.1 Review raw data quality, descriptive analysis, and missing data 

Prior to processing the data for analysis, the raw data needed to be validated by “data cleaning,” a 

process to detect, correct, replace, and/or modify or removing inconsistent/erroneous data from a 

record set, table, or database (ACAPS, 2016). Since the data is secondary data and some assumptions 

would need to be made in such a review, the approach to modify data was not used in the interest of 

employing a more conservative approach. Section 4.6 in the “data collection” describes the approaches 

taken on the raw data to review the raw data. After the variables were created, additional steps were 

taken to review for data quality, described in the following sections. 

 

4.7.2 Select and prepare the variables  

The data in the SCPMS is considered “raw data” and needed to be transformed to create the 

independent, dependent, and control variables. New variables were created direct in the monitoring 

table and indicated as new additions by color-coding the column headers. Prior to conducting 

calculations to create the new variables, it was realized that the “date” data types were being read as 

text and the “text to columns” function in Excel was applied to ensure data providing dates was read in 

date format to ensure accuracy of the calculations. Ten new variables were created, shown in Table 15.   

 

Table 15: New variables created from the SCPMS data to support the analysis   

New variable name  Variable type Purpose  Data inputs  Calculation  

“Pre vs Post” 

SCPMS 

Independent  Categorizes the shipment as 

tracked “pre” SCPMS 

implementation or “post” 

SCPMS implementation, using 
the PO date as the reference 

point  

PO issue date  

 

Reference date 

9/1/2016 (entered 
in fixed location in 

Excel) 

If PO issue date >= 

9/1/2016, then assign 

“post;” otherwise, label as 

“pre”  

“Pre vs Post” 

SCPMS – coded  

Independent  Binary value of the 

“pre”/“post” group assignment  

New “Pre vs Post” 

SCPMS variable 

created  

If  labeled as “pre,” code as 

0; if labeled as “post,” code 

as 1 
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Because the independent variable is a binary, categorical variable, it is dummy coded in accordance with 

the typical standard for indicating the “pretest” and “posttest” groups in this quasi-experiment design:  

1 for “intervention” and 0 for “control” – shown in the new variable created, ““Pre vs Post” SCPMS – 

coded” (Kenny, 1975). The calculations for dependent variables vary: some are calculated by a specified 

benchmark for performance, some by an “estimation” benchmark to compare against, and others by 

another data point as the reference point. This variance will cause the interpretation of the coefficients 

in the regression results to vary, as a positive or negative coefficient will provide a different picture for 

each specific dependent variable. “Order size” was the only control variable that needed a new variable,  

as it was the only control variable not already divided into categories.  

To incorporate variables not measured on a numerical scale in the regression analysis, “dummy coding” 

was used for all control variables since these variables are categorical (Suits, 1957).  Because all control 

variables are categorical variables with more than one category, a more complex level of dummy coding 

New variable name  Variable type Purpose  Data inputs  Calculation  

PO timeliness   
(in months)  

Dependent  Provides variance against PO 
timeliness benchmark of 

initiating PO six months issue 

before MDA 

Planned PC 
 

PO raising date   

((Planned PC – PO raising 
date)/30) – 6  

Go signal timeliness  

(in days) 

Dependent  Difference in days between go 

signal request date and go 

signal approved date  

Go signal request 

date  

 
Go signal 

approved date 

Go signal approved date – go 

signal request date  

Shipment 

timeliness  

(in months) 

Dependent  Provides variance against 

shipment timeliness 

benchmark of medicines 

shipping one month before 
MDA for air and three months 

before MDA for land or sea 

Planned PC  

 

Mode of shipment 

 
Shipment date  

If shipment mode is air: 

((Planned PC – shipment 

date)/30) –1 

 
If shipment mode is land or 

sea: ((Planned PC – shipment 

date)/30) –3 

Arrival timeliness  

(in months)  

Dependent  Difference in months between 

actual arrival date and planned 

PC  

Planned PC  

 

Actual arrival date  

((Planned PC – actual arrival 

date)/30) 

Customs clearance 

timeliness  
(in days) 

Dependent  Difference in days between 

actual arrival date and actual 
customs clearance date  

Actual arrival date 

 
Actual customs 

clearance date  

Actual customs clearance 

date – actual arrival date  

Delivery timeliness  
(in months) 

Dependent  Provides variance against 
delivery timeliness benchmark 

of delivering shipment one  

month before MDA 

Planned PC  
 

Delivery 

warehouse 

((Planned PC – delivery 
warehouse)/30) - 1 

Proof of delivery 

timeliness (in days) 

Dependent  Difference in days between 

delivery date and provision of 

proof of delivery 
documentation   

PoD 

 

Delivery 
warehouse 

PoD – delivery warehouse  

Tablets ordered 
group   

Control Assigns numerical coding to 
category of order size  

Tablets ordered  If tablets ordered  ≥ 10m, 
label “1” 

If tablets ordered  > 10m and 

≥1m, label “2” 

If tablets ordered < 1m, label 
“3” 
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is needed to incorporate these variables in the regression model (Healey & Prus,2019). For the 

independent variable, although a categorical variable, this is more of a “natural” dummy variable with 

just two categories of interpretation (as with the “pre”/“post” SCPMS independent variable)  (Healey & 

Prus, 2019). For variables with more than two categories, the number of dummy variables created is 

equal to the number of categories in the original variable minus one: k-1 dummy variables, where “k” = 

the number of categories on the original variable, using one variable as the reference category (Healey 

& Prus, 2019). Each dummy variable will only have one of two categories: “0” or “1” (Healey & Prus, 

2019). This dummy coding was needed for all control variables since these variables are categorical. The 

independent variable is a binary categorical variable with the value “1” indicating the “intervention” (i.e.  

the SCPMS, the “post” data set) and “0” for “control” (the “pre” SCPMS data set). Dummy coding 

involves converting nominal or ordinal variables into dichotomous variables (i.e. “dummy variables) with 

two values: 0s and 1s. Table 16 shows the dummy variable coding for medicine, as an example.  

 

Table 16: Dummy coding for medicine control variable     

Categories of original variable 

Dummy variable coding 

X1X2X3 

 
Description of dummy variable 

M1 M2 M3 

Med2 1 0 0 1  = Med2, 0 = otherwise 

Med3 0 1 0 1  = Med3, 0 = otherwise 

Med4 0 0 1 1  = Med4, 0 = otherwise 

Med1 0 0 0 All 0’s = Med 1 

 
 
The category with all 0’s is the reference category and the b coefficient for each dummy variable is 
compared against it. The selection of the reference category may be arbitrary, though it is often the 
category with the most cases to produce more stable comparisons in the analysis. A few additional 
considerations that drive choice of reference group include (Hardy, 1993):  

• The reference group should serve as a useful comparison (e.g., a control group; a standard 

treatment; or the group expected to have the highest/lowest score).  

• The reference group should be a meaningful category (e.g., not “other”) 

• If the sample sizes in each group are unequal, it is best if the reference group not have a small 

sample size relative to the other groups. 

Based on these principles, the control variable with the highest amount of shipments was selected as 

the reference category for each dummy coding. All tables with the dummy coding for each control 

variable can be found in Appendix 5.  
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4.7.3 Additional data quality review and data cleaning of dependent variables  

After creating the new variables, the dependent variable data was “cleaned” for potential typing errors ,  

the output of a descriptive analysis was reviewed to understand the sample size and measures of central 

tendency and variability for each dependent variable, and then further review conducted for missing 

data. Statistical tools, such as SPSS, can support automation of data cleaning activities – for instance, 

descriptive data summaries can be leveraged to flag unusual patterns or results  (Mavridis & Moustaki, 

2008; Tukey, 1977). A descriptive analysis was run in SPSS, prior to removing any invalid data, with the 

output reflected in Table 17.  

 

Table 17: Descriptive analysis by “pre” and “post” SCPMS groups    

Pre vs Post SCPMS - 

coded 

PO raising 
timeliness  

(in months) 

Go signal 
timeliness 

(in days) 

Shipment 
timeliness 

(in months) 

Arrival 
timeliness 

(in months) 

Customs 

clearance 
timeliness 

(in days) 

Delivery 
timeliness 

(in months) 

Proof of 

delivery 
timeliness 

(in days) 

0 

(“Pre” 
SCPMS) 

N Valid 680 117 339 530 202 382 246 

Missing 388 951 729 538 866 686 822 

Mean -.14 -12.32 -.55 .82 20.60 -1.15 28.89 

Median -.53 .00 -.67 .63 13.00 -1.07 22.00 

Mode 2.37 0 -3.20
a
 .03

a
 0 -1.07 0 

Std. deviation 4.76 83.53 3.89 4.19 38.60 4.31 65.92 

Variance 22.62 6976.49 15.14 17.53 1490.34 18.59 4345.76 

Minimum -14.83 -708 -14.70 -12.53 -346 -16.87 -416 

Maximum 22.43 66 16.90 14.23 206 12.53 494 

1  
(“Post” 

SCPMS) 

N Valid 390 132 297 263 99 257 201 

Missing 26 284 119 153 317 159 215 

Mean .82 25.21 -.68 .97 18.83 -.91 -161.96 

Median .72 15.50 -.27 .97 14.00 -.93 27.00 

Mode .20 0 .90 1.57
a
 4 -3.00

a
 8 

Std. deviation 4.27 50.80 4.53 4.33 20.80 4.37 2591.11 

Variance 18.26 2580.53 20.54 18.71 432.74 19.05 6713833.71 

Minimum -15.57 -365 -16.33 -12.13 -11 -15.47 -36525 

Maximum 13.87 313 11.20 16.20 104 14.40 401 

a. Multiple modes exist. The smallest value is shown 

 
The focus was on leveraging the analysis output to identify potential data validity issues. An updated 

analysis with identified errors removed will be provided and discussed in Chapter 5. A statistical 

approach cannot solely be used to screen data for potential errors (ACAPS, 2016). Abnormalities in the 

data may be detected by perceived nonconformity with prior expectations or the norm, based on the 

analyst's experience, numerical constraints, or general common sense (i.e. weight cannot be negative, 

etc.) (ACAPS, 2016). The minimum, maximum, and variance helped identify possible data errors and 

data screening was driven by the researcher’s experience that made it possible to identify extreme 

and/or unlikely data values. For instance, the minimum for go signal timeliness in the “pre” SCPMS data 

group was -708, signifying a difference of nearly two years between the requested date and approval 

date—a very unlikely occurrence. A more in-depth review of the data became necessary to ensure data 

quality. The review focused on data validity, rather than outlier identification, which is described in 

Chapter 5. Two data errors types were the focus: 1) data entry errors (where data may be corrupted 

upon entry due to factors such as time pressure to enter data quickly, lack of supervision or control, 
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etc.) and 2) data integration errors (the creation of new errors, such as duplicate records or switching 

records, from integrating multiple data sources) (ACAPS, 2016). 

A few approaches may be taken to establish review criteria: the data may be viewed in relation to other 

data to check for inconsistencies, reviewed for consistency/ plausibility checks (examining the history of 

data points), and/or re-measured (ACAPS, 2016). Validating data generally involves manually checking 

database values against the source documentation (Emanuelson & Egenvall, 2014). The SCPMS does 

have such source documents attached (application, PO, etc.), but not all values could be manually 

validated. For instance, “Go signal” did not have any source documentation since the data is manually 

entered. Even for data points with source documentation, not all shipments consistently had 

documentation attached. 

There are four approaches in the treatment of invalid data: 1) leave unchanged, 2) correct the data, 3) 

delete the data, or 4) re-measure the data (ACAPS, 2016). Correcting the data was decided as the 

approach only in circumstances where source documentation confirmed an alternative value. 

Otherwise, if the data point appeared to be invalid and impossible based on upstream and downstream 

data, the data point was deleted since “impossible values” should never be left unchanged and should at 

minimum be deleted (ACAPS, 2016).  As noted previously, if no source data confirmed an alternative 

value, modifying the data was generally not used to be conservative. Modifying the data as a means of 

correction would require assumptions to be made since the data is secondary data. Pairwise deletion 

was used, as this method does not reduce power as significantly as listwise deletion. 

The following steps were taken to identify potential errors, validate (if possible), and determine if 

removal should occur:  

1) Review descriptive analysis and establish standard for each KPI on identifying unusual data  

2) Filter for KPIs against the standard for identifying unusual data 

3) If possible, reference source documentation to confirm data  

4) Reference upstream and downstream KPIs to quality check if there may have been an error with 

the year entry 

5) If source data confirmed a different value, change the data point to match the source data; if 

upstream and downstream KPIs seems to support a very likely typing error, apply pairwise 

deletion 

 

Table 18 provides the summary of criteria, quality check processes, and the resulting observations and 

data removal resulting for each variable. Appendix 4 provides the full detail on the shipment data 

reviewed and removed for each variable. 
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Table 18: Summarized criteria and results for data quality/validity check    

 
Variable 
reviewed 

Review criteria Total fitting 
criteria 

Quality check processes  Observed data 
issues  

Total 
removed 

PO timeliness  > absolute value of 18 

months variance from the 
six-month lead  

1 Attached PO 

documentation in SCPMS 

PO with a value of 

28.4 months before 
the MDA 

0 

Go signal 
timeliness 

For all variables measured 
in days (go signal 

timeliness, customs 

clearance timeliness, proof 

of delivery timeliness), data 
with minimum or 

maximum ≥ absolute value 

of 100 

11 PO date and delivery date 
referenced; approval date 

with difference ≥ one  year 

from PO date and shipment 

date considered typing 
error on year, especially if 

months in the request and 

approved dates were close 

together 

Request dates more 
than two years later 

from the go signal 

approved date and 

more than two 
years later than 

both the PO date 

and shipment date 

3 

Shipment 

timeliness 

 > absolute value of 12 

months  

9 Attached “bill of lading” or 

air way bill; valid if 
shipment date occurred 

after the PO date and 

before  arrival date 

Shipment date 

occurring after the 
actual arrival date 

and delivery date 

1 

Arrival 

timeliness 

> absolute value of 12 

months 

14 Considered valid if arrival 

date sequentially after PO 

date and before the 
delivery date 

None 0 

Customs 
clearance 

timeliness 

For all variables measured 
in days (go signal 

timeliness, customs 

clearance timeliness, proof 

of delivery timeliness), data 
with minimum or 

maximum ≥ absolute value 

of 100; any negative values 

since should be impossible 
– customs clearance cannot 

occur before shipment 

arrives 

14 Considered valid if 
clearance date sequentially 

after arrival and before 

delivery  

Entries found where 
arrival date differed 

from the year of all 

other processes, 

resulting in large, 
negative value for 

customs clearance  

6 

Delivery 

timeliness 

 > absolute value of 12 

months  

11 Source documentation; 

referenced dates of 

upstream values and proof 
of delivery date 

Delivery occurred 

over a year after 

arriving in country 

0 

Proof of 
delivery 

timeliness 

For all variables measured 
in days (go signal 

timeliness, customs 

clearance timeliness, proof 

of delivery timeliness), data 
with minimum or 

maximum ≥ absolute value 

of 100 

34 Attached proof of delivery 
document;  referenced the 

year of delivery date and 

other upstream processes  

Typing errors: 1918 
entered instead of 

2018 and 2008 

entered instead of 

2018  

2 
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4.7.4 Conducting the regression   

The OLS regression analysis identifies statistically significant associations (or not) between the seven 

selected dependent variables (PO timeliness, etc.) and the independent variable (usage of the SCPMS) 

after controlling for the five control variables (region, etc.).  

From the various regression model options, OLS was selected since the dependent variables are 

continuous, whereas in contrast the probit and logit regression models require the dependent variables 

to be dichotomous (Noreen, 1988). While the dependent variables with clear benchmarks could be 

transformed into dichotomous variables (i.e. 0 equates to “not on time” and 1 equates to “on time”), 

this was not possible for all dependent variables. Furthermore, the data meets the normality of the 

error distribution assumption for OLS regression. Q-Q plots were produced in SPSS for each dependent 

variable, verifying that the majority of data shows the distribution lying on approximately on a straight 

line (see Appendix 6) (Kim, 2013). Data for three of the dependent variables did not show a straight 

trend in the q-q plots: go signal timeliness, customs clearance timeliness, and proof of delivery 

timeliness. However, the central limit theorem enables the normality assumption to be met when the 

errors do not form a normal distribution but there is a “sufficiently large sample;” large is not defined in 

the theory, but the literature notes a sample of > 50 would be “robust to violation of the normality 

assumption” (Franzco & Farmer, 2014). All three of these variables have well over 50 samples, with the 

smallest sample size exceeding 200 total data points.  

 

4.7.5 Interpret results, conduct robustness checks, and run results without outliers 

Results from the linear regression are provided in summarized “coefficients” output from SPSS. A table 

is produced for each dependent variable and provides the coefficients, standard errors and associated p-

value. The coefficients represent the effect of a change in one unit in the independent variable on the 

dependent variable. The standard error provides perspective on the level of accuracy of the coefficient 

estimates. The p-value indicates the level of statistical significance of each individual variable’s 

correlation with the dependent variable.  

In reviewing the coefficients, the aim was to review for a value different from 0, as the null hypothesis is  

that the independent variable will have no effect and result in a coefficient of 0. The coefficient indicates 

the size of the effect the independent variable may have on the dependent variable, with the coefficient 

sign (positive or negative) providing direction of the effect. Because of the variability in the methods of 

calculating the dependent variables, the sign of the coefficient will be interpreted differently for an 

improvement or decrease in performance – all dependent variables, except go signal timeliness and 

customs clearance timeliness, show an improvement in performance with a positive coefficient 

(Appendix 7).  

The standard error in the coefficients table provides perspective on how inaccurate the regression 

model is on average using the units of the response variable, with smaller values indicating that the 

observations are closer to the fitted line. Finally, but perhaps most importantly, the p-value indicates the 
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significance of the correlation of each individual variable with the dependent variable. In this research 

study, any p-values were identified as significant at the following thresholds: p <0.1; p <.05; p <.01. 

A final step in the interpretation of the results involved conducting robustness checks to understand 

confounding factors and assess whether the “pre” SCPMS is an adequate control group. Four robustness  

checks were applied: running the regression results using alternative benchmarks, assessing for any 

moderating effect from control variables, running the regression results accounting for a lag in impact 

from information sharing, and conducting a “double pretest” to test the validity of the “pre” group as 

comparison. Foremost, the regression analysis was run using alternative benchmarks for PO timeliness 

and delivery timeliness in the variable calculations to assure the regression results were consistent. A 

moderation analysis was conducted to determine if any control variables had a moderating effect on the 

impact of information sharing that would have cause the information sharing to be more or less 

effective.  

An additional check conducted involved testing for whether the SCPMS had a lag in impacting 

performance. To test this, two additional linear regressions were run: one removing shipments three 

months after implementation of the SCPMS and the other removing shipments six months after 

implementation of the SCPMS. Finally, to assess whether the “pre” SCPMS data served as a sufficient 

control group, a “double pretest” robustness check was applied. The “pre” SCPMS group was divided 

into two groups with an equivalent number of shipments and a linear regression model was run to 

review the difference between the two pretest groups. To prove the hypothesis that the SCPMS is cause 

for observed differences, the outcome sought was a difference between the pretest and posttest is 

greater than the difference between the two pretests (Knapp, 2016). Further information on the process 

for these analyses is provided in Chapter 5.  

Lastly, the regression analysis was also run with potential outliers removed from the data. A widely used 

outlier identification method compatible with linear regression models using secondary data involves 

identifying values above and/or below the 1.5 interquartile range (MIT Critical Data, 2016). This method 

was used and to identify values in this range: the SPSS “descriptives” function produced both stem-and-

leaf plots and boxplots for each dependent variable showing values above and below this threshold. 

These plots were generated for each dependent variable, along with the summary of the outlier count 

for each dependent variable (Appendix 8). After identifying these outliers, the data points were 

removed from the data set and the OLS regression analysis was run again.  

 

4.7.6 Additional analyses to address secondary research questions 

The previous sections focus on the methodology to address the primary research question. The analyses  

to address the secondary research question also use quantitative methodology and did not require any 

further data collection outside the data collected to support the primary research question. Table 19 

summarizes the analysis and variables for each research question and further details on the process for 

each analysis will be outlined in Chapter 6, which describes findings addressing the secondary research 

questions.  
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Table 19: Summary of analyses to address secondary research questions 

Secondary research question Analysis used  Variables 

What is the impact on NTD shipment 

performance of extending 
information sharing through publicly 

accessible country-level data? 

Ordinary least 

squares regression 
analysis  

Dependent variables: purchase order timeliness, go signal 

timeliness, shipment timeliness, arrival timeliness, 
customs clearance timeliness, delivery timeliness, proof of 

delivery timeliness  

 

Independent variable: information sharing through the 
NTDeliver supply chain performance measurement 

system 

Does information sharing have a 

moderating effect on key 

performance indicators that are 
predictors for delivery timeliness? 

 

Logistic regression; 

moderation 

analysis  

Dependent variable: delivery timeliness  

 

Independent variables: purchase order timeliness, go 
signal timeliness, shipment timeliness, arrival timeliness, 

customs clearance timeliness, delivery timeliness, proof of 

delivery timeliness  

 
Moderator: information sharing through NTDeliver supply 

chain performance measurement system 

What is the impact of information 

sharing on upstream, country-driven 

key performance indicators? 

 

Ordinary least 

squares regression 

analysis 

Dependent variables: forecasting variance, regional office 

clearance timeliness, purchase order timeliness against 

regional office clearance   

 
Independent variable: information sharing through 

NTDeliver supply chain performance measurement 

system 
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Chapter 5: Research Findings Addressing Primary Research Question 

This chapter presents the main findings for the primary research question: what is the impact of 

information sharing through a supply chain performance measurement system (SCPMS) on shipment 

performance within the NTD PC medicine donation supply chain? This chapter will be organized by the 

steps taken to produce the findings, from the initial step to review the descriptive analysis and assess 

missing data, and then conducting the regression analysis and applying robustness checks.  

 

5.1  Reviewing descriptive analysis and considering missing data  

A descriptive analysis of the data (i.e. data counts, measures of central tendency, etc.) provides context  

and understanding for the representation of data between the “pre” and “post” data sets, and by the 

different attributes (region, medicine, disease). Reviewing key components of the descriptive analysis 

also facilitates a missing data analysis to assure limited impact on the results . 

 

5.1.1 Descriptive analysis review 

Twelve KPIs were deleted following the data validity review of the dependent variables, described in the 

previous chapter. The descriptive analysis was conducted again with these data points removed and the 

updated table is reflected in Table 20. A correlation matrix is included in Appendix 9. Descriptive 

statistics are used during the screening phase to predefine expectations, assumptions or criteria about 

normal ranges, providing insight into performance variability, and availability of the data (ACAPS, 2016). 

 
Table 20: Descriptive analysis by “pre” and “post” SCPMS groups, with data errors removed    

 
Pre vs post SCPMS - coded PO timeliness  

(in months) 
Go signal 
timeliness 
(in days) 

Shipment 
timeliness 
(in months) 

Arrival 
timeliness 
(in months) 

Customs 
clearance 
timeliness 
(in days) 

Delivery 
timeliness  
(in months) 

Proof of 
delivery 
timeliness 
(in days) 

0 
(“Pre” 

SCPMS) 

N Valid 680 115 339 529 200 382 246 

Missing 388 953 729 539 868 686 822 

Mean -.14 -3.33 -1.38 -1.16 20.59 -1.15 28.89 

Median -.53 .00 -1.77 -1.37 13.00 -1.07 22.00 

Mode 2.37 0 -2.67 -1.97a 0 -1.07 0 

Std. deviation 4.76 42.09 3.80 4.16 38.67 4.31 65.92 

Variance 22.62 1771.77 14.47 17.27 1495.64 18.59 4345.76 

Minimum -14.83 -241 -14.70 -14.53 -346 -16.87 -416 

Maximum 22.43 66 16.90 12.23 206 12.53 494 

1  
(“Post” 

SCPMS) 

N Valid 390 131 296 263 96 257 199 

Missing 26 285 120 153 320 159 217 

Mean .82 28.19 -1.35 -1.03 19.68 -.91 38.26 

Median .72 16.00 -1.32 -1.03 15.50 -.93 28.00 

Mode .20 0 -4.30a -.43a 4 -3.00a 8 

Std. deviation 4.27 37.69 4.40 4.33 20.54 4.37 45.79 

Variance 18.26 1420.17 19.39 18.71 422.07 19.05 2096.57 

Minimum -15.57 -1 -16.33 -14.13 -2 -15.47 -35 

Maximum 13.87 313 11.20 14.20 104 14.40 401 

a. More than one mode exists, with the smallest value provided  
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The “N” indicates good sample sizes for all variables, although weakened by missing data. Some 

variables seem to be more impacted by missing data than others: particularly, go signal timeliness and 

customs clearance timeliness have the smallest sample sizes. A missing data review and analysis is 

provided in the subsequent section. The total “N” (i.e. adding the “valid” and “missing” totals) shows 

there is about a 70-30 split between the “pre” and “post” data, with 1,068 total shipments in the “pre” 

group and 416 shipments in the “post” group. The change between the “pre” and “post” mean, median,  

and mode for some variables provides an initial insight of potential improvement. For instance, the 

delivery timeliness does seem to have some marginal improvement in the “post” metrics, although the 

values remain negative and indicate delivery timeliness is still underperforming overall. Standard 

deviation and variance are relatively high for most variables, but this is not surprising considering the 

variability in performance between the different WHO regions, medicines, etc. observed in practice. The 

descriptive analysis provided a cursory view of performance before and after information sharing. The 

linear regression analysis will provide insight on the significance of the relationship between information 

sharing and the KPIs, also controlling for confounding factors. A descriptive analysis was also run by 

WHO region, medicine, and disease (Appendix 10).   

Table 1 in Appendix 10 with the descriptive analysis by region shows two regions evidently comprising 

the bulk of the recipient regions: AFRO and SEARO, as most endemic countries are within these regions .  

There is considerable focus in the global NTD strategy on AFRO as a priority region for program 

improvements since progress toward the 2020 targets is especially an issue in the region.  The 

descriptive analysis supports improvement in many of the variables for both of these key regions in the 

“post” data set, such as improvement in delivery timeliness for AFRO. A descriptive analysis was also 

produced by medicine (Table 2, Appendix 10), with the medicine names blinded. Recall from Chapter 4 

that the medicine names and disease names were blinded to protect any reputational considerations of 

pharmaceutical manufacturers. One key observation from the descriptive analysis by medicine shows 

that Med2 has a lack of availability for three variables: go signal timeliness, customs clearance 

timeliness, and proof of delivery timeliness. Finally, a descriptive analysis by disease is also provided 

(Table 3, Appendix 10). Further discussion of the descriptive analysis by attribute will be provided in the 

discussion section and will complement the regression results.  

 

5.1.2 Missing data review and analysis  

The valid “N” for the dependent variables descriptive analysis showed generally lower counts than the 

corresponding data points in the descriptive analysis of the raw data (Appendix 4). For instance, the raw 

data showed 1,478 shipments for “PO raising date,” but only 1,070 total shipments for “PO timeliness.” 

This reduced number is primarily because the PO timeliness calculation uses “PlannedPC” in its 

calculation. This is the case for most dependent variables since the majority of dependent variables use 

“PlannedPC” in the calculation (see 5.1). A missing data review and analysis was conducted on the raw 

data points to better understand how the data availability accounted for differences in the 

representation of the dependent variables between the “pre” and “post” sets, and even by the different 

attributes—by region, medicine, and disease treated. Missing data in the system is indicated by “N/A,” 
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but this does not exclusively represent missing data and sometimes indicates that the shipment is too 

early in the process for data availability. This was more applicable to the “post” data, since some 

shipments’ data set was not yet completed if delivery had not progressed much further than the PO. For 

at least the two dependent variables with clear performance benchmarks, if the dependent variables 

had an “N/A” fitting the criteria below and had an “N/A” for all downstream KPIs, this was not 

considered indicative of truly missing data:   

• Shipment date: “PlannedPC” later February 2019 for air/land shipments or later than April 2019 

for sea shipments, since the one- or three-month pre-MDA benchmark has not yet been missed 

• Delivery warehouse: “PlannedPC” later than February 2019, since the one month pre-MDA 

benchmark has not yet been missed  

While PO timeliness has a clear benchmark, all shipments had a “PO raising date”, unless the order was 

cancelled, which could be confirmed in the system by a total order value of “0”. The data was cleaned in 

the “post” group for the “N/As” and “0s” fitting these criteria to create visual bar charts to comparing 

missing data for each dependent variable. The review distinguishes between “pre” and “post” data 

differences, and then reviews for differences in data attributes (region, medicine, disease). Figure 17 

provides a visual view of the percent of data availability for each dependent variable, comparing the 

“pre” and “post” data sets.  

 

Figure 17: Percent of available data for each dependent variable 

 

Calculations for the percentages were conducted using the respective totals from the “pre” and “post” 

data sets – i.e. the % of “PO raised” data in the “pre” data set was calculated by taking the total amount 

of shipments with this data point available out of the denominator of total data in the “pre” data set. 
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Variables such as “PO raised” and “actual arrival” have a very close match in data percentage availability 

between the “pre” and “post” data sets. However,  “PO raised” is available for a greater percentage, at 

nearly 100% availability for both data sets, while “actual arrival” is only available for a little over 60%.  

Also, differences are evident in availability between the “pre” and “post” data sets. “Shipment date” has  

one of the most dramatic contrasts, with the “pre” data set only having this data point available for a 

little over 30% of shipments, and the “post” set over 70% of shipments. Delivery warehouse date, one of 

the most critical pieces of data for the research, also has a difference in availability between the data 

sets, although less dramatic than shipment date. This visual representation provides a cursory view of 

missing data and an understanding of the differences between data sets.  

A graph was created to assure each variable’s composition of pre and post SCMPS data is aligned with 

the proportions reflected in all data. Figure 18 shows this view and generally seems to align with the 

perspective provided in Figure 17.  

 

Figure 18: Percent of available data for each dependent variable compared to all data availability, 

organized by “pre” and “post” data sets  

 

Percentages were calculated out of all data for the given variable. The variables most aligned to the 

proportions of the “all data” set align with the variables with the smallest discrepancies between the 

“pre” and “post” availability. For instance, “PO raised” and “actual arrival date” seem to most closely 

reflect the percentage breakdowns in the total data set. The same graph display was created by each 

data attribute to identify any differences by these characteristics, provided in Figures 19, 20, and 21:  
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Figure 19: Percent of available data for each dependent variable compared to all data availability, 

organized by WHO region  

 

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Planned PC

PoD

Delivery warehouse date

Actual customs clerance

Actual arrival

Shipment date

Go signal approved

Go signal request

PO raised

All data

% Data Represented, by Region

AFRO

AMRO

EMRO

EURO

SEARO

WPRO



89 
 

 

Figure 20: Percent of available data for each dependent variable compared to all data availability, 

organized by medicine 

 

Figure 21: Percent of available data for each dependent variable compared to all data availability, 

organized by disease treated  
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Overall, the data review does show some unique inconsistencies in data availability by data attribute. 

For instance, the availability of “actual arrival date” seemed to vary from the overall availability for 

medicine and disease treated.  

A similar view of the data was produced for the control variables to understand if there were any 

substantial inconsistencies in representation of the attributes between the “pre” and “post” data sets. 

This perspective is provided in Figure 22.  

 

Figure 22: Percent of control variables represented in the “pre” and “post” SCPMS data   

 

Figure 22 shows that there is some slight difference in the representation of a few of the control 

variable attributes. Order size shows a slight decline in the “post” data set in the ordering of smaller 

sizing of tablet counts below 1,000,00 tablets. For medicine, Med4 shows an uptick in representation in 
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the “post” data. This is unsurprising as the pharmaceutical manufacturer donating this medicine made a 

public commitment to scale up donations of Med4 by 2016. In the regional make-up, AFRO is more 

represented in the “post” data set, which is also logical since this is the key WHO region lagging in 

progress in NTD targets. Finally, there also appears to be a greater percentage of shipments shipped by 

sea and less by land and air. These variables are controlled in the regression model but will be 

considered when interpreting results.  

Finally, a missing value analysis was conducted to determine if there was a trend in the missing data 

from the variables that may indicate the data is non-randomly missing. Non-randomly missing data is 

often correlated with attributes of the respondent – for instance, reviewing for any significant 

correlation between data missing for any of the dependent variables with medicine, region, and/or 

disease treatment. Data missing at random may be due to entry errors, inconsistency in the system 

usage, and other factors (ACAPS, 2016). Where data is found to be non-randomly missing and there is a 

relatively small data set, methods may be used to transform the data, such as imputation (replacing 

missing values with a probable value) (ACAPS, 2016). To understand whether variables were related to 

missing values from another variable, a new variable indicating whether a value was missing (0,1) was  

created and used to compare performance for any significance in difference.  From review, no systematic 

or clear pattern was observed, supporting that missing data is missing as random and will not 

significantly contribute to trend in the model (Salkind, 2011). Since data was found to be missing at 

random and there is a significant sample size even for the dependent variables with the smallest 

samples, imputation did not need to be applied and pairwise deletion of the missing data was a 

sufficient approach.  

 

5.2  Ordinary least squares regression analysis results 

Linear regression tests for statistical association between a predictor variable and an outcome variable.  

The equation for the regression model is illustrated as such:  

Supply Chain Performancei = β0 + β1SCPMSi + β2ControlVariablei + ε 

Supply chain performance is the dependent variable and the output of the regression (Liu et al., 2003). 

Because there are seven dependent variables, there is a unique equation for each one. β provides the 

coefficient that represents the strength and type of relationship the explanatory variable has to the 

dependent variable. ε indicates the random error term, referring to the residual, the difference between 

the observed y values and the predicted y values. The summarized regression results are provided in 

Table 21 and the full SPSS output is in Appendix 11.  
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Table 21: Summary of ordinary least squares regression results showing the relationship between 

information sharing and NTD supply chain KPIs  

Dependent 

Variable  

PO 

timeliness 

(in months)  

Go signal  

timeliness 

(in days)  

Shipment  

timeliness 

(in months)  

Arrival 

timeliness 

(in months)  

Clearance 

timeliness  

(in days) 

Delivery 

timeliness 

(in months)  

Proof of 

delivery 

timeliness  

(in days) 

B  1.012  40.215  0.132  0.534  - 1.524  0.727  0.864  

Std error  0.288  9.473  0.326  0.312  4.684  0.338  5.768  
t value  3.517  4.245  0.404  1.714  - 0.325 2.150  0.150  

sig (p) .000***  .000*** 0.686  0.087* 0.745  0.032**  0.881  

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes  Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes  Yes  

Observations  1052  249  636  783  300  636  445  

*p <0.1, ** p <.05, ***p <.01 
Green coefficient indicates significant performance improvement 
Red coefficient indicates significant performance decrease 
 

A value of “yes” for each control variable indicates the given control variable was incorporated in the 

model. Note that some control variables could not be incorporated due to sample size limitations for go 

signal timeliness and customs clearance timeliness. The p-values are interpreted against the 90%,  95%,  

and 99% confidence levels, indicated by the * in Table 21. The coefficient sign’s indication of an 

improvement or decrease in performance varies according to how the variable is calculated; this 

performance impact is indicated by color-coding the coefficient, aligned to the interpretation guidelines 

in Appendix 7. The hypotheses for the research noted that all dependent variables, except customs 

clearance timeliness and proof of delivery timeliness, will demonstrate a significant and positive 

relationship with the independent variable, information sharing through the SCPMS. The results suggest  

that five out of seven hypotheses were supported. 

Notably, delivery timeliness, the performance indicator considered most important to measure NTD 

supply chain performance, shows a positive and highly significant impact with a p-value of .032. The 

coefficient, 0.727, indicates a positive improvement of a little over half a month against the one-month 

pre-MDA benchmark. This result suggests information sharing is positively associated with earlier 

delivery of medicines to the central medical stores. PO timeliness and arrival timeliness also 

demonstrate positive and significant results supporting the hypotheses, although arrival timeliness is 

significant at a lower confidence level. Information sharing appears to be strongly associated with a one-

month improvement in PO timeliness, at the 99% confidence level. Arrival timeliness improvement by 

about half a month seems to also be associated with the information sharing, but with a p-value of .087 

in the 90% confidence level, indicating a lower significance than the other performance indicators. The 
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hypotheses that customs clearance and proof of delivery timeliness would not have any significant 

relationship are also supported – neither variable demonstrates significance at any confidence level.  

Conversely, the results for go signal timeliness appear to support the null hypothesis. While go signal 

timeliness is highly significant (p <.01), even though the coefficient value is positive, this actually 

indicates a negative relationship with information sharing due to the calculation method for the 

variable. To recall, go signal timeliness measures the approved go signal date against the go signal 

request date to calculate the difference in days. The coefficient suggests an increase in the difference 

between the go signal request and approval of about 40 days. Furthermore, the null hypothesis for 

shipment timeliness also appears to be supported – although information sharing was predicted to have 

a positive and significant impact, the results did not indicate any significant relationship.   

Because the go signal results were significant but counter to the hypothesis, additional analysis was 

conducted to better understand how the go signal timeliness calculation may or may not have changed 

after the SCPMS was implemented. Importantly, there is no perceivable standard for establishing this 

request date and it is defined per the judgment of the pharmaceutical manufacturer and any supporting 

NGO. Therefore, it was considered whether there was a change in how this request date was defined. 

Particularly, if the pharmaceutical manufacturer may have started to define request dates earlier after 

the PO, due to increased pressure to ensure on-time delivery after the SCPMS implementation. To 

understand if the pharmaceutical manufacturers provided go signal request dates earlier after the PO 

was released, a regression analysis was conducted. The analysis entailed creating a new variable to 

calculate the difference in days between the PO date and the go signal request date.  

A new variable was created to understand if a change occurred between the difference in days between 

the go signal approval and shipment date since the go signal approval provides the go-ahead for the 

pharmaceutical manufacturer to ship the medicine. If in fact the go signal was requested earlier by the 

pharmaceutical manufacturer, potentially due to increased pressure to ensure on-time delivery after the 

SCPMS implementation, it would be insightful to understand if similar pressure may have also caused 

the behavior for the pharmaceutical manufacturer to ship sooner after the go signal than before the 

information sharing was implemented.  Another variable was also incorporated in this additional 

regression analysis to calculate the difference in days between the go signal approved date and the 

shipment date. Other than introduction of these two new variables, all other elements of the regression 

model were consistent with the elements of the main regression model. Table 22 provides these results.  
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Table 22: Summary of ordinary least squares regression results showing the relationship between 

information sharing and difference between PO date and go signal date 

Dependent variable  Difference between PO 

date and go signal request 

date (in days)  

Difference between go signal 

approved date and shipment 

date (in days) 

B  - 48.862 - 50.899 

Std error  13.194  13.247 

t value  - 3.703  - 3.842 
sig (p) .000***  .000*** 

WHO region  Yes  Yes  

Medicine  Yes  Yes  

Disease  Yes  Yes  

Tablet order size  Yes  Yes  

Mode of shipment  Yes  Yes  

Observations  263 263 

***p <.01 
 
Results indicate that the difference between PO date and go signal request date has significantly 

decreased, since the coefficient is negative. This may indicate that since the information sharing,  go 

signal requests dates provided by the pharmaceutical manufacturer were earlier dates relative to the PO 

date. Also, the results indicate a significant reduction in the number of days between the go signal 

approved date and the shipment date, indicating potentially that pharmaceutical manufacturers shipped 

medicines more quickly after the go signal was provided compared to before the information sharing 

was implemented.  

 

5.3 Ordinary least squares regression analysis robustness checks 

To support the structural validity of a regression model, “robustness checks” were conducted in which 

the coefficient estimates and significance in the outcomes were evaluated after modifying, removing, 

and/or adding regressors (White & Lu, 2010). Four robustness checks were applied: running the 

regression results using alternative benchmarks, assessing for any moderating effect from control 

variables, running the regression results accounting for a lag in impact from information sharing, and 

conducting a “double pretest” to test the validity of the “pre” group as comparison.  

 

5.3.1 Ordinary least squares regression results for alternative benchmarks   

Referenced in Chapter 3, the benchmarks for PO timeliness and delivery timeliness are subject to some 

debate between the WHO and pharmaceutical manufacturers. Although six months before the planned 

PC is the minimum lead time for a PO to be raised and the standard benchmark in the process, 

pharmaceutical manufacturers actively push for the WHO to follow an eight-month lead time for the 

manufacturers to assure more time to complete delivery. Similarly, although one month before the 

planned PC is the minimum lead time for the shipment to be delivered to the central medical stores, the 
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WHO advocates for a two-month lead time. To assure a comprehensive approach, the regression 

analysis was run using these alternative benchmarks in the variable calculations and Table 23 reflects 

the comparison of results between the benchmarks in the main regression (the columns shaded in grey) 

and the alternative benchmarks (the columns in white). 

 

Table 23: Summary of ordinary least squares regression results showing the relationship between 

information sharing and PO timeliness and delivery timeliness, using alternative benchmarks   

Dependent variable  PO timeliness 

(in months)   
variance from 6 months 

prior to planned PC  

PO timeliness  

(in months) 
variance from 8 

months prior to 

planned PC   

Delivery timeliness  

(in months) 
variance from 1 month 

prior to planned PC   

Delivery timeliness  

(in months) 
variance from 2 

months prior to 

planned PC   

B  1.012  .929  0.727  0.729  

Std error  0.288  0.289  0.338  0.340  

t value  3.517  3.214  2.150  2.143  

sig (p)  .000***  .001*** .032** .032**  

WHO region  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  

Disease  Yes  Yes  Yes  Yes  

Tablet order size  Yes  Yes  Yes  Yes  

Mode of shipment  Yes  Yes  Yes  Yes  

Observations  1052  1052  636  636  

** p <.05, ***p <.01 
Green coefficient indicates significant performance improvement 
 
 

The same variables were used: information sharing served as the independent variable with the same 

control variables. The only difference in this regression model was calculating PO timeliness and delivery 

timeliness to use the alternative benchmarks noted. As the results show, there is a very marginal 

difference from using these alternative benchmarks. Both PO timeliness and delivery timeliness remain 

positive and significant and there is little change to the coefficients.   

 

5.3.2 Control variables moderation analysis  

A moderation analysis was conducted to understand if the control variables influenced the results. Such 

an analysis tests whether a third variable (Z) interacts to affect the strength of the relationship between 

the independent variable (X) and the dependent variable (Y) (Kean University, 2013). A conceptual 

model is provided in Figure 23. The analysis focuses on reviewing whether the interaction effect 

between X and Z is significant in predicting Y (Kean University, 2013). There are two primary insights 

from this analysis: 1) generalizability of the results, and 2) identification of negative effects of the 

intervention in subgroups (MacKinnon, 2011). Because moderation analysis seeks to understand if an 
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intervention has had a similar effect across subgroups, it supports validating consistency of the 

intervention effect, supporting generalizability of the results  (MacKinnon, 2011). Also, the moderation 

analysis identifies subgroups for which the intervention may be counterproductive and cause more 

negative outcomes (MacKinnon, 2011).  

 

 

 

 

 

  

 

 

 

Figure 23: Conceptual diagram of moderation analysis model 

 

The analysis requires dummy coding to code categorical moderators. The same coding set-up was used 

as in the main results (Appendix 5). An interaction term is created by multiplying variables X and Z, the 

independent variable (“Pre vs Post” SCPMS – coded) by the moderators (each dummy variable). This 

new variable is included in the regression analysis and captures the influence of the moderator on the 

effect of X on Y. The moderation analysis was run in SPSS with the “PROCESS” macro using each control 

variable as the moderator. Appendix 12 includes the full SPSS output and Table 24 provides the 

summarized results. 
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Table 24: Summary of moderation analysis results using control variables as moderators   

Dependent variable  Moderator variable 

 
Region 

(reference: 

AFRO) 

Medicine 
(reference: Med1) 

Disease 
(reference: Disease 

1) 

Order Size 
(reference: 

largest size) 

Shipment Mode 
(reference: sea) 

PO timeliness X X X X 

Land: 

B = - 3.8 

Sig (p) = .000***  

Go signal timeliness O O O O O 

Shipment 

timeliness 
X 

Med2: 

B = -16.976 

Sig (p) = .000***  

 
Med4: 

B = -3.856 

Sig (p) = .000***  

Disease2: 

B = - 4.659 

Sig (p) = .000***  

 
Disease 3: 

B = -1.35 

Sig (p) = .05** 

X 

Land: 

B = - 4.372 
Sig (p) = .001***  

Arrival timeliness X 

Med4: 

B = - 2.348 

Sig (p) = .006***  

Disease2: 
B = - 2.95 

Sig (p) = .001***  

 

Disease3: 
B = - 1.547 

Sig (p) = .026** 

X 

Land: 

B = - 2.102 

Sig (p) = .059* 

Customs clearance 

timeliness 
O X X X X 

Delivery timeliness X 

Med4: 

B = - 2.444 
Sig (p) = .006***  

Disease2: 

B = - 2.65 
Sig (p) = .006***  

X X 

Proof of delivery 

timeliness 
X O X X X 

X = no significant interaction  
O = sample size too small to calculate 
*p <0.1,** p <.05, ***p <.01 

 
 

Many categories did not have a significant interaction, according to the p-value of the interaction term. 

Also, the interactions did not consistently occur across every variable. This result may imply that there is  

a unique usage or interaction of the information sharing for the given attribute, and it cannot be 

generalized that the interaction will always occur. The results show that most significant interactions 

occurred within the medicine and disease control variables, and a few interactions for shipment mode. 

Med4 treats Disease2, and Med2 treats Disease3, which indicates consistency between the results for 

these attributes. For all go signal timeliness and some customs clearance timeliness and proof of 

delivery timeliness results, the sample size was not large enough to produce results.  
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5.3.3 Testing for lag in information sharing effect 

When an intervention is implemented, it cannot be assumed that the effect is immediate. There may be 

a “lag time to benefit,” a period of time between implementing the intervention and observing 

improved outcomes (Lee et al., 2013). To address this potential that information sharing impact was not 

immediate, the OLS regression for the same model was run, accounting for two scenarios of a 

hypothetical lag time to benefit:  a three-month lag and a six-month lag.  

For a six-month lag, any shipments with a PO raised on or between September 1, 2016 and February 28, 

2017 was coded in a new column “SCPMS Lag Test #1 - March Start (6 mo)” and removed from 

regression data set. 87 shipments were deleted that fell within this six-month lag period. Table 25 

presents the results.  

 

Table 25: Summary of ordinary least squares regression results applying a six-month lag in the 

information sharing effect  

Dependent 

variable  

PO 

timeliness  

(in months) 
 

Go signal  

timeliness 

(in days)  

Shipment 

Timeliness 

(in months)  

Arrival 

timeliness  

(in months) 

Clearance 

timeliness  

(in days) 

Delivery 

timeliness 

(in months) 

Proof of 

delivery 

timeliness 
(in days) 

B 0.999 38.495 - .026 0.204 - 4.454 0.741 - 0.177 

Std error 0.314 10.199 0.332 0.343 5.718 0.370 6.385 

t value 3.181 3.775 -.080 0.593 -0.779 2.004 .028 

sig (p) .002*** .000*** .937 0.553 -0.437 .046** 0.978 

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  M1 deleted 
since is 

constant/ 

has missing 
correlation   

Yes  Yes  

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes Yes Yes Yes Yes 

Observations  970 226 569 715 257 567 393 

** p <.05, ***p <.01 
Green coefficient indicates significant performance improvement 
Red coefficient indicates significant performance decrease 
 

The results show that all dependent variables, except arrival timeliness, remain significant and generally 

consistent with the main results. There is an observed reduction in the significance seen in the slightly 

higher p-values, however, all p-values for those remaining significant remain within the same confidence 
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level as in the main results. To account for a three-month lag, any shipments associated with a PO raised 

on or between September 1, 2016 and November 30, 2016 were coded under a new column “SCPMS 

Lag Test #2 - December start (3 mo)” and removed from the data.  71 shipments were deleted that fell 

within this three-month lag period. Table 26 provides the results.  

 

Table 26: Summary of ordinary least squares regression results applying a three-month lag in the 

information sharing effect  

Dependent 

Variable  

PO 

timeliness 
(in months)  

Go Signal  

timeliness 
(in days)  

Shipment 

timeliness  
(in months) 

Arrival 

timeliness 
(in months)  

Clearance 

timeliness 
(in days)  

Delivery 

timeliness 
(in months) 

Proof of 

delivery 
timeliness 

(in days) 

B 0.933 39.478 - .054 .096 - 4.995 0.656 0.864 

Std error 0.309 9.926 0.326 0.335 5.43 0.363 5.768 

t value 3.022 3.977 - .164 0.287 - 0.919 1.808 0.150 

sig (p) .003*** .000*** 0.869 0.775 0.359 .071* 0.881 

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  M1 deleted 
since is 

constant/ 

has missing 
correlation   

Yes  Yes  

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes Yes Yes Yes Yes 

Observations  970 226 569 715 257 567 393 

*p <0.1, ***p <.01 
Green coefficient indicates significant performance improvement 
Red coefficient indicates significant performance decrease 
 

Similar to the results for the six-month lag, the results show that all dependent variables, except arrival 

timeliness, remain significant and generally consistent with the main results. The coefficients and p-

values also have some slight difference from the main results. Most notably, the p-value for delivery 

timeliness increases enough to move it from the 95% confidence level to the 90% confidence level.   

 



100 
 

5.3.4 “Double pretest” approach  

As addressed in Chapter 4, limitations of a quasi-experiment design include the notion that “history” 

and/or “maturation” may explain differences between the pretest and posttest results, challenging that 

the independent variable is the driver for observed differences (Campbell & Stanley, 1963). The 

literature supports that a “double pretest” can address such limitations and enhance validity. Per the 

“double pretest” method discussed in section 4.4, the pretest group is divided and compared for 

significant differences in performance to assure any differences in performance within the pretest group 

are minimal and/or less than the difference between the pretest and posttest groups  (Knapp, 2016). 

The “pre” SCPMS data group was analyzed according to two groups of data:  

• “Pre 1”: shipments with POs raised between 2006-2013  

• “Pre 2”: shipments with POs raised between 2014-2016 August 

The groups were divided to result in roughly the same amount of shipments in each group. The 

descriptive analysis and correlation matrix are provided in Appendix 13. A new, binary independent 

variable was created—“Pre Group Coded”—with “Pre 1” coded as 0 and “Pre 2” coded as 1. The 

regression was run using this new independent variable. Outside of removing the “post” data and 

creating the new independent variable, all elements of the regression model remained the same as the 

model for the main results. The results are summarized in Table 27.  

 

Table 27: Summary of ordinary least squares regression results for the “double pretest” 

Dependent 
variable  

PO 
timeliness  

(in months) 

Go signal  
timeliness 

(in days)  

Shipment 
timeliness 

(in months)  

Arrival 
timeliness  

(in months) 

Customs 
clearance 

timeliness 

(in days)  

Delivery 
timeliness 

(in months) 

Proof of 
delivery 

timeliness 

(in days) 

B 1.42 - 30.476 0.991 0.581 - 7.665 0.173 0.478 

Std error 0.404 28.841 0.797 0.456 7.554 0.750 10.814 

t value 3.512 - 1.057 1.243 1.274 - 1.015 0.230 .044 

sig (p) .000*** 0.293 0.215 0.203 0.312 0.818 0.965 

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes   S2 deleted 

since is 

constant/ 

has missing 
correlation   

Yes Yes S2 deleted 

since is 

constant/has 

missing 
correlation   

Yes Yes 

Observations  664 117 339 520 201 380 244 

***p <.01 
Green coefficient indicates significant performance improvement 
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The results show that only PO timeliness has a positive, significant difference between these two “pre” 

SCPMS data sets. No other dependent variables have an observable, significant difference in 

performance.  

 

5.4  Ordinary least squares regression analysis with outliers removed 

Outliers (data points different from the remaining data) may provide negative effects to research 

outcomes such as compromising statistical power and increasing variance, or conversely, may reveal 

insightful information about an underlying system (MIT Critical Data, 2016). The literature on outlier 

processes suggests that researchers do not appear to have consensus on outlier handling techniques  

(Herman et al., 2013). A conservative approach is followed in this research by reporting the findings with 

and without outliers (Herman et al., 2013). Table 28 summarizes the regression results with the outliers  

removed, according to the process outlined in Chapter 4.   

 

Table 28: Summary of ordinary least squares regression results for data with outliers identified from 

combined data set  

Dependent 

variable  

PO 

timeliness  

(in months) 

Go signal  

timeliness  

(in days) 

Shipment 

timeliness  

(in months) 

Arrival 

timeliness  

(in months) 

Customs 

clearance 

timeliness  
(in days) 

Delivery 

timeliness 

(in months) 

Proof of 

delivery 

timeliness 
(in days)  

B 0.663 14.001 .092 0.192 -1.551 0.230 - 0.368 

Std error 0.255 2.388 0.264 0.248 2.332 0.283 2.532 

t value 2.603 5.862 0.350 0.773 -.665 0.814 -0 .145 

sig (p) .009*** .000*** 0.726 0.440 0.506 0.416 0.884 

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation     

Yes Yes S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes Yes 

Observations  1037 228 597 733 289 600 412 

***p <.01 
Green coefficient indicates significant performance improvement 
Red coefficient indicates significant performance decrease 
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Arrival timeliness and delivery timeliness no longer show significance. PO timeliness and go signal 

timeliness remain highly significant at the 99% confidence level, although there are changes to the 

coefficients. Both coefficients are substantially lower than those in Table 21 with the main regression 

results: 0.663 compared to 1.012 for PO timeliness and 14 compared to 40.215 for go signal timeliness. 

This indicates a lesser improvement in performance for PO timeliness, but also less of a decrease in 

performance for go signal timeliness.  

 

5.5  Summary 

The objective of this chapter was to share the findings relevant to the primary research question, 

including the “robustness checks” conducted to help support the structural validity of the research 

design. Overall, the main results indicated a significant impact on four dependent variables: PO 

timeliness, go signal timeliness, arrival timeliness, and delivery timeliness. All four of these variables 

indicated a performance improvement, except for go signal timeliness, which indicated a decline in 

performance. However, the interpretation of the go signal timeliness results were better understood 

when reviewing if the go signal request dates were provided sooner by the pharmaceutical 

manufacturer since the SCPMS was implemented. The hypotheses noted that all dependent variables, 

except customs clearance timeliness and proof of delivery timeliness, would demonstrate a significant 

and positive relationship with the independent variable. While customs clearance timeliness and proof 

of delivery timeliness did not show a significant relationship as expected, the results produced for go 

signal timeliness indicating a significant negative impact and the results for shipment timeliness 

suggesting no significant relationship were counter to the hypotheses. 

The robustness checks appear to support the findings from the regression analysis. The regression 

results accounting for a lag in the information sharing indicated that significance is maintained for the 

majority of the variables, whether a lag time to benefit of three or six months is considered. 

Furthermore, the “double pretest” comparison of performance over time before the information 

sharing was implemented suggested that the supply chain does not simply improve over time. Only PO 

timeliness indicated a significant positive change over time during the time period before the SCPMS 

was implemented. 

The moderation analysis conducted to understand if confounding factors interacted with information 

sharing showed most confounding factors generally did not interact with information sharing, except 

medicine and disease. Shipment timeliness, arrival timeliness, and delivery timeliness all showed 

negative interactions with one or more medicines and diseases. Additionally, the moderation analysis 

results show the shipment mode also has some interactions with information sharing, with the land 

shipment mode producing a negative interaction for PO timeliness, shipment timeliness, and arrival 

timeliness. Finally, the regression results were also reported with the outliers removed and the results 

indicated that arrival timeliness and delivery timeliness no longer indicated a significant relationship.  



103 
 

Chapter 6: Research Findings Addressing Secondary Research Questions   

This chapter presents the main findings pertaining to the secondary research questions, which include 

the following:  

1) What is the impact on NTD shipment performance of extending information sharing 

through publicly accessible country-level data? 

2) Does information sharing have a moderating effect on KPIs that are predictors for delivery 

timeliness? 

3) What is the impact of information sharing on upstream, country-driven KPIs? 

This chapter will be organized by each research question, presenting the hypotheses, analysis processes, 

and findings for each question.  

 

6.1  What is the impact on NTD shipment performance of extending information 

sharing through publicly accessible country-level data? 

When using a quasi-experiment design, it is important for researchers to consider if there have been any 

changes to the intervention (Handley, 2018). In this context, the most notable change to the NTDeliver 

SCPMS for the time period covered by the data involved the introduction of the publicly accessible 

country-specific data pages in February 2018 (referenced in Chapter 4). These data pages were heavily 

promoted during their launch in key regions to country NTD program managers that are responsible for 

the success of MDAs (Tunggala, 2018b). The hypothesis is that extending information sharing may have 

a more positive impact for the following processes, because they are actively displayed in the public 

country pages, providing direct access for program managers to follow-up on status: shipment 

timeliness, arrival timeliness, delivery timeliness. To understand if there was a different impact from the 

time this country-level data was made accessible, an OLS regression analysis was conducted to compare 

the shipment performance in the “post” SCPMS group between the shipments occurring prior and after 

implementation of this publicly accessible information. Only the data in the “post” group was used and 

was analyzed according to two groups:  

• “Post 1” = 0 for shipments with any PO date prior to February 1, 2018 but after August 31, 2016 

• “Post 2” = 1 for shipments with any PO date equal to or later than February 1, 2018 

The descriptive analysis and correlation matrix are provided in Appendix 14. The same regression model 

was used to produce the results, which are shown in Table 29.  
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Table 29: Summary of ordinary least squares regression results showing the relationship between 

implementing publicly accessible country pages and NTD supply chain KPIs  

Dependent 

variable  

PO 

timeliness 

(in months)  

Go signal  

timeliness 

(in days)  

Shipment  

timeliness 

(in months)  

Arrival 

timeliness 

(in months)  

Clearance 

timeliness  

(in days) 

Delivery 

timeliness 

(in months)  

Proof of 

delivery 

timeliness  

(in days) 

B  .327  - 14.855 2.566 2.875  10.451 2.817  - 4.814 

Std error  .475  18.163  .731  .965  10.371  1.105  92.460  

t value  .687  - .818  3.510  2.978  1.008  2.550  - .052  

sig (p) .492  .415  .001*** .003*** .316  .011**  .959  

WHO region  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  M1 deleted 

since is 

constant/ 

has missing 
correlation   

Yes  Yes  M1 deleted 

since is 

constant/ 

has missing 
correlation   

Yes  M1 deleted 

since is 

constant/ 

has missing 
correlation   

Disease  Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Tablet order 

size  

Yes  Yes  Yes  Yes  Yes  Yes  Yes  

Mode of 

shipment  

Yes  S2 deleted 

since is 
constant/ 

has missing 

correlation   

Yes  Yes  Yes  Yes  Yes  

Observations  387  132  296  262  98  255  200  

** p <.05, ***p <.01 
Green coefficient indicates significant performance improvement 
 

The results show three variables with significant, positive impact: shipment timeliness, arrival timeliness, 

and delivery timeliness—consistent with the hypothesis that these variables would be significantly 

impacted since they are actively displayed in these publicly accessible pages. In the main regression 

results, shipment timeliness did not show any significance from the information sharing in the SCPMS. In 

these results, shipment timeliness is the most significant variable at a p-value of .001 and with a 

substantial coefficient of 2.566. This suggests that while information sharing alone did not have a ny 

significant impact on this process, implementing the publicly accessible country pages appears to be 

impactful enough to significantly improve shipment timeliness by 2.5 months. For both arrival timeliness 

and delivery timeliness, which were also significant in the main regression results, the coefficients are 

substantially larger than in the main results and the p-values are substantially lower than those in the 

main regression results. Arrival timeliness in the main results was just on the cusp between being 

significant and non-significant, with a p-value of .087 in the 90% confidence level. In these results, arrival 

timeliness is unquestionably significant with a p-value of .003. Also, the coefficient increases from 0.534 

to 2.875, a marked improvement as well. Similarly, the highly important delivery timeliness performance 

indicator has a p-value of .011 in these results, compared to the main results in which the p-value was 

.032. The coefficient is 2.817, compared to the main results coefficient 0.727—indicating an 
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improvement by over two months from the main results.  These results may suggest that while 

information sharing positively and significantly impacts arrival and delivery timeliness, increasing 

information transparency of the country performance furthers the positive impact to the supply chain, 

particularly to more downstream processes.  

 

6.2  Does information sharing have a moderating effect on KPIs that are 

predictors for delivery timeliness? 

While the OLS regression results provide insight on the impact of information to some of the variables 

upstream from delivery, not all upstream processes will impact delivery timeliness to the same degree. 

Therefore, to determine if the information sharing had an impact on the upstream variables that most 

impact timeliness of delivery, a logistic regression was conducted to understand which upstream 

processes are strongest predictors for on-time delivery. A moderation analysis was then conducted for 

the variables identified from the logistic regression results as delivery timeliness predictors in order to 

understand if the information sharing improved the value of these delivery timeliness predictors. The 

hypothesis is that information sharing will have a moderating impact on variables with a significant 

relationship with information sharing indicated from the regression, which suggested a positive and 

significant relationship for PO timeliness and arrival timeliness and a negative and significant 

relationship for go signal timeliness.  

 

6.2.1 Logistic regression analysis: predictors of delivery timeliness 

To understand what upstream variables are predictors of delivery timeliness, a logistic regression was 

conducted to assess the strength of this predictive ability of upstream variables.  Delivery timeliness was  

the dependent variable in the logistic regression model, with all upstream variables from PO timeliness 

to customs clearance timeliness serving as the independent variables. The same control variables 

included in the main regression model were incorporated in the logistic regression model. The equation 

of the logistic regression model can be represented as such:   

P(y(i)=1) = 1/(1+exp(−(β0+β1x(i)1+…+βpx(i)p)) 

P is the probability that the delivery will occur on time according to the model, producing one outcome 

variable with one of two states, either 0 (delivery not on time) or 1 (delivery on time, or early) (Liu et al., 

2003). Ү represents the dependent variable, in this case, delivery timeliness performance. Delivery 

timeliness was converted to a binary variable as the logistic regression model requires the dependent 

variable to be a binary value (Molnar, 2020). A new column was created labeled “binary value of delivery 

timeliness (in months),” in which 0 was coded to represent values delivered less than one month before 

the MDA and 1 was used to represent shipments delivered on time or earlier than one month before 

MDA. The standard of one month was used in alignment with the delivery timeliness benchmark of 

delivering shipment one month before the MDA. The SPSS logistic regression function was used to 

produce the regression results, running results for each upstream variable. Table 30 provides the results.  
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Table 30: Summary of logistic regression results showing the relationship between predictive 

relationship between upstream variables and delivery timeliness  

Dependent variable PO timeliness 

(in months) 

Go signal 

timeliness 

(in days) 

Shipment 

timeliness 

(in months) 

Arrival 

timeliness 

(in months) 

Clearance 

timeliness 

(in days) 

Overall null hypothesis 

% predicted correctly 

62.6  62.9 61.3 62.8  57.3 

% late delivery predicted 
correctly  

86.9 84.6 96.1 96.4  84.4 

% on-time delivery 

predicted correctly   

70.0 55.1 89.0 89.7  48.4 

Overall model % 

predicted correctly 

80.6^  73.7 93.4^ 93.9^ 69.0 

B  .455  .005 2.021 1.666  - .012 

sig (p) .000***  .201  .000***  .000***  .064*  

Odds ratio  
(exponentiation of the B 

coefficient) 

1.576~  1.005  7.549~  5.289~  .989  

WHO region  Yes  Yes  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  Yes  Yes  
Disease  Yes  Yes  Yes  Yes  Yes  

Tablet order size  Yes  Yes  Yes  Yes  Yes  

Mode of shipment  Yes   Yes   Yes  Yes  Yes   

Observations  634  186 542 573  213 

*p <0.1, ***p <.01 
^ overall model > 80% predictive accuracy  
~odds ratio > 1  
Green coefficient indicates significant performance improvement  
 

The following criteria were used to evaluate a variable as a significant predictor of delivery timeliness: 

the overall percent of delivery timeliness predicted correctly was greater than 80%, the p-value was 

considered significant, and the odds ratio was higher than 1. Using these standards, the results indicate 

that three upstream variables serve as significant predictors of delivery timeliness : PO timeliness, 

shipment timeliness, and arrival timeliness. While customs clearance timeliness did indicate significance 

from the p-value, the percent predicted correctly was 69%, fairly less than the 80% standard, and the 

odds ratio was lower than 1.  

PO timeliness shows the least strength in its predictive value for delivery timeliness from the three 

variables, which is not surprising since this is the most upstream value from delivery. The overall percent 

predicted correctly is 80.6% indicating that the model is able to correctly predict 80.6% percent of the 

outcome categories (0 = delivery not on time, 1= delivery on time).  In contrast, shipment timeliness and 

arrival timeliness are both able to predict > 93% of outcome categories correctly. Shipment timeliness 

and arrival timeliness also have larger coefficients, with 2.021 and 1.666 respectively, compared to .455 

for PO timeliness. This lower coefficient value also may suggest a lesser influence from PO timeliness  on 

delivery timeliness. However, all three variables have the same significance with a p-value of .000. 

Lastly, the odds ratio indicates how much more likely the desired outcome is to occur according to the 
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independent variable value, a higher value indicating a higher likelihood. Shipment timeliness appears to 

be the strongest predictor for on-time delivery, with a significantly higher odds ratio than the other two 

variables. With an odds ratio of 7.549, this value suggests that if the shipping occurs on time, a shipment 

is more than 7.5 times more likely to be delivered on time and this is significant due to the p-value <.01. 

 

6.2.2 Moderation analysis: information sharing as a moderator in the relationship 

between delivery timeliness predictors and delivery timeliness  

To complement the logistic regression results, a moderation analysis was conducted to review which of 

the upstream predictors the information sharing had a moderating effect on, either positive or negative.   

The moderation analysis was conducted for the three variables identified as significant predictors of 

delivery timeliness. Figure 24 illustrates the conceptual model for the moderation analysis.  

 

  

 

 

 

 

 

 

 

Figure 24: Conceptual diagram of moderation analysis model, with information sharing as the moderator 

in the relationship between delivery timeliness predictors and delivery timeliness 

 

The interaction term in this model illustrated the influence of the information sharing (Z) as the 

moderator on the relationship between the delivery timeliness predictor (X) and delivery timeliness (Y). 

Information sharing in this case serves as the moderator to understand if information sharing has a 

significant impact on the relationship of the upstream variable as a predictor of delivery timeliness. 

Table 31 provides the results from the moderation analysis for the three delivery timeliness predictors.  

 

 

Control variables 

X 
(Independent variable: delivery 

timeliness predictor – PO 
timeliness, shipment timeliness, or 

arrival timeliness) 

Z 
(Moderator: information 

sharing)  

Y 
(Dependent variable: delivery 

timeliness) 
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Table 31: Summary of moderation analysis results using information sharing as a moderator in the 

relationship between delivery timeliness predictors and delivery timeliness  

 
 

PO timeliness  

(in months)  

Shipment timeliness  

(in months) 

Arrival timeliness   

(in months) 

B  0.692 0.972 0.930 

Std error  .035 .025 .022 

t value  19.557 39.728 42.70  

sig (p) .000*** .000*** .000*** 

Interaction term 
(information 

sharing)  

B = 0.11 
sig (p) =.0689*   

B = .047  
sig (p) = 0.153   

B = .078 
sig (p) = .007*** 

Observations  634  542 634 

*p <0.1, ***p <.01 
Green coefficient indicates significant performance improvement 
 

As all three predictors have a significant p-value and coefficient indicating performance improvement 

for the relationship with delivery timeliness. These results validate the results from the logistic 

regression, confirming the variables have a significant and positive relationship with delivery timeliness .  

Only two out of the three variables appear to have a significant relationship with information sharing as 

an interaction term. PO timeliness shows a significant, positive influence of information sharing as a 

moderator on the relationship between PO timeliness and delivery timeliness at a p-value of .0689. 

Arrival timeliness shows an even more significant relationship with this moderator at a p-value of .007. 

Shipment timeliness does not show any significance of information sharing as a moderator. These 

results for the interaction term appear consistent with the OLS regression results, which indicated that 

information sharing had a significant impact on PO timeliness and arrival timeliness, but not shipment 

timeliness. Therefore, the hypothesis that information sharing will have a moderating impact consistent 

with the results of the OLS regression appears to be supported.  

 

6.3  What is the impact of information sharing on upstream, country-driven 

KPIs? 

As referenced in Chapter 3, some of the data in the SCPMS reflects the upstream planning processes 

between the three levels of the WHO: the headquarters (HQ), regional office (RO), and country office 

(CO). Such data is not actively reviewed in the NTD Supply Chain Forum meetings between 

pharmaceutical manufacturers and WHO HQ. WHO RO and WHO CO representatives are not involved in 

these meetings and data related to these processes is not as prominently displayed in the system. 

Therefore, this data was out of scope from the main research analysis since the focus is on delivery 

performance and the processes managed between the WHO HQ as the principal and pharmaceutical 

manufacturers as the agent, which are most actively reviewed and monitored in the SCPMS through the 
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NTD Supply Chain Forum. Nevertheless, as planning is still a critical process in the supply chain and there 

is available data in the system, the potential impact of information sharing was reviewed on these 

planning processes through an OLS regression analysis. From Table 12 providing the summary of all 

SCPMS data, the following data points not previously used were used for this extended analysis: “tablets 

forecasted,” “tablets ordered,” “application submission,” and “RO clearance.” Three, new dependent 

variables were created and Table 32 provides the overview of the new variables. The descriptive analysis 

and correlation matrix are provided in Appendix 15.   

 

Table 32: New variables created from the SCPMS data to review upstream, country-driven processes    

New variable 
name  

Variable type  Purpose  Data inputs  Calculation  

Forecasting 
variance  
(in %) 

Dependent  

Provides the absolute value of the 
variance between the number of 
total tablets forecasted by the WHO 
and the actual amount ordered  

Tablets forecasted 
 
Tablets ordered  

| (tablets 
forecasted-tablets 
ordered)/tablets 
ordered) x100| 

RO clearance 
timeliness  
(in days) 

Dependent  

Reflects the number of days WHO 
regional office takes to approve 
application for donated medicines, 
once submitted by  country  

RO clearance date  
 
Application 
submission date 

RO clearance date 
– application 
submission date 

PO timeliness 
against RO 
clearance   
(in days)  

Dependent  

Reflects the number of days WHO 
headquarters takes to raise a 
purchase order, once the WHO 
regional office approves the 
application  

PO raising date  
 
RO clearance date  

PO raising date – 
RO clearance date  

*Additional calculations to reconcile countries with multiple orders against a single forecast in Appendix 15 

 

The hypothesis is that the only upstream country-driven process that will have a significant and positive 

impact will be PO timeliness against RO clearance, as this process is driven by the WHO HQ, the principal 

in the principal-agent model studied.  There will not be any significant impact on any of the other 

upstream, country-driven processes since these processes are not actively managed and reviewed in the 

SCPMS. Therefore, the information sharing is not expected to be effective in improving the processes. 

The variables were analyzed according to the same two “pre” and “post” groups for the independent 

variable used in the main regression model. The same control variables were also used. An OLS 

regression was then run for these variables, the results reflected in Table 33. 
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Table 33: Summary of ordinary least squares regression results showing the relationship between 

information sharing and upstream, country driven processes   

Dependent 

variable  

Forecasting variance  

(in %) 

RO clearance timeliness  

(in days)  

PO timeliness against RO 

clearance   

(in days)  

B  58.689 28.74  - 16.87 

Std error  6.630 5.397  4.434 

t value  8.852 5.326 - 3.804 

sig (p) .000*** .000***  .000***  

WHO region  Yes  Yes  Yes  

Medicine  Yes  Yes  Yes  

Disease  Yes  Yes  Yes  

Tablet order size  Yes  Yes  Yes  

Mode of 
shipment  

Yes  Yes  Yes  

Observations  1286 546  527  

***p <.01 
Green coefficient indicates significant performance improvement 
Red coefficient indicates significant performance decrease 

 
 

The results show all variables appear to have a significant relationship with information sharing, two of 

the variables indicating a decline in performance and one of the variables showing a performance 

improvement. This is contrary to the hypothesis, which only expected PO timeliness against RO 

clearance to have a significant relationship with information sharing. Beginning with forecasting 

variance, the results are highly significant with a p-value of .000. However, the positive coefficient 

indicates that the forecasting variance increased, which is not a favorable implication for the accuracy 

of forecasting processes. Similarly, RO clearance is highly significant with a p-value of .000, but the 

positive coefficient indicates that the difference in days increased. This increase in the difference in 

days between application submission and approval suggests that information sharing is associated with 

longer review times from the region in reviewing country applications. On the other hand, the 

information sharing seems to be associated with a shorter lead time for the WHO HQ to raise a PO, 

once the RO teams approve the application: the regression indicates a negative coefficient in the 

results, highly significant at a p-value of .000.   

 

6.4  Summary 

This chapter sought to address the findings relevant to the secondary research questions. For the 

secondary question reviewing the impact of extending information through publicly accessible country-

level data, KPIs further downstream (shipment timeliness, arrival timeliness, delivery timeliness) 

seemed to improve even more substantially than in the main results. This finding was consistent with 

the hypothesis that these downstream KPIs would be most significantly impacted since they are 

actively displayed in the public country pages.   
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The findings relevant to the research question regarding whether information sharing has a 

moderating effect on KPIs that are predictors for delivery timeliness indicated that three variables are 

generally significant predictors of delivery timeliness: PO timeliness, shipment timeliness, and arrival 

timeliness. The moderation analysis indicated that information sharing had a positive interaction with 

two of the delivery timeliness predictors identified from the logistic regression results: PO timeliness 

and arrival timeliness. These results align with the main regression results that demonstrate a pos it ive 

relationship between information sharing with the improvement in both KPIs.  

Lastly, the results reviewing impact of the information sharing on upstream, country-driven KPIs 

indicated all upstream, country-driven processes had a significant relationship with information 

sharing. PO timeliness against RO clearance indicated a positive and significant impact, per the 

hypothesis. However, a significant and negative relationship was indicated for forecasting variance and 

RO clearance timeliness, which were both expected to have no significant impact since these processes 

are not actively managed and reviewed in the SCPMS. 
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Chapter 7: Discussion  

The research aimed to understand whether the introduction of information sharing through the SCPMS 

NTDeliver had a positive impact by improving overall on-time delivery to central medical stores and 

other KPIs. This aim was addressed by conducting an empirical assessment to understand the 

significance of the relationship between the introduction of information sharing and NTD supply chain 

shipment performance. This chapter will discuss how the research aim has been addressed, and the 

implications arising from the findings. The discussion will cover interpretation of the findings with 

respect to the literature and supply chain workings, application of the principal-agent theoretical 

framework, strengths and limitations of the research. The discussion will end with implications for policy 

and practice and suggestions for future research. 

 

7.1  Interpreting the findings 

The discussion will focus first on the primary research question findings and then review the secondary 

research question findings. The discussion will consider the literature review and context of the supply 

chain workings for specific processes. Interpretation will also be provided with respect to the principal-

agent theoretical framework used for the research, expanding further to interpret the main themes 

relevant to this theory in the subsequent section in 7.2 

 

7.1.1 Interpreting the findings on the primary research question  

The research aimed to address the following primary question: what is the impact of information 

sharing through a supply chain performance measurement system (SCPMS) on shipment performance 

within the NTD PC medicine donation supply chain? Shipment performance was reviewed with respect  

to seven different KPIs (dependent variables), focusing on delivery timeliness as the primary outcome. 

For each dependent variable, a unique hypothesis for the expected relationship with information 

sharing was defined, with Table 34 summarizing each hypothesis and whether the results supported the 

hypotheses. The discussion will focus on reviewing the findings for each variable and discuss potential 

drivers for the results, especially for those for which the hypothesis was not supported.   
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Table 34: Summary of results for primary research question hypotheses by dependent variable  

Dependent 
variable  

Hypothesis Result 

PO timeliness  H1: There is a positive relationship between the usage of a SCPMS 
and purchase order timeliness 

Supported 

Go signal 
timeliness 

H2: There is a positive relationship between the usage of a SCPMS 
and go signal timeliness 

Not supported – 
significant negative 
relationship indicated by 
the results  

Shipment 
timeliness  

H3: There is a positive relationship between the usage of a SCPMS 
and shipment timeliness  

Not supported – no 
significant relationship  

Arrival 
timeliness  

H4: There is a positive relationship between the usage of a SCPMS 
and arrival timeliness  

Supported 

Customs 
clearance 
timeliness  

H5: There is a no significant relationship between the usage of 
SCPMS and customs clearance timeliness.  

Supported 

Delivery 
timeliness  

H6: There is a positive relationship between the usage of a SCPMS 
and delivery timeliness 

Supported  

Proof of 
delivery 
timeliness  

H7: There is no significant relationship between the usage of a 
SCPMS and proof of delivery timeliness, but there may be a 
positive increase in the availability of this data 

Supported  

 

Information sharing seems to impact KPIs with most control from the principal or agent  

For the PO timeliness, arrival timeliness, and delivery timeliness results, the statistical analysis supports  

the respective hypotheses and appears to illustrate what is confirmed in several studies on information 

sharing referenced in Chapter 2: information sharing is associated with supply chain improvements 

(Diaz, 2000; Gavirneni et al., 1999; Ghosh & Fedorowicz 2008; Lee et al., 1997; Zahra Lotfi et al., 2013). 

Most importantly, the key success measure for the NTD supply chain—delivery timeliness—has been 

positively impacted by information sharing. This result for delivery timeliness is also aligned with the 

literature, which expressly defines delivery performance as a performance measure that is positively 

improved by information sharing, such as Zhou and Benton Jr.’s  (2007) research that found information 

sharing to have a positive influence on delivery performance at the 95% confidence level. The 

implication from this finding is that information sharing positively benefits the supply chain to a 

worthwhile extent that ultimately improves the most critical indicator for success defined by the 

principal in the principal-agent relationship, the WHO HQ. If all KPIs had been positively impacted by 

information sharing, but delivery timeliness had no improvement from information sharing, it may have 

been more difficult to conclude that the information sharing investment is worthwhile.  

The positive impact on PO timeliness and arrival timeliness provides more perspective on upstream KPI 

improvement that may have trickled down to support the delivery timeliness improvement.  Perhaps 

most interesting is the positive impact from information sharing on PO timeliness. PO timeliness is 

largely controlled by the principal, since it is the WHO HQ that is responsible for raising the purchase 

orders to the pharmaceutical manufacturer. The PO improvement may indicate information sharing is 

not just a tool for the principal to drive the agent’s performance, but also a tool for the agent to improve 
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principal performance. This insight also provides a more nuanced perspective of outcomes-based tools 

used to reduce information asymmetry between the principal and the agent, which will be further 

explored with respect to the principal-agent theoretical framework.  

The positive impact to arrival timeliness was hypothesized, as the process is owned and driven by the 

agent, the pharmaceutical manufacturer. The literature supports processes managed by the agent are 

expected to improve with information sharing (Rauchhaus, 2009; Ciliberti et al., 2009). Also as 

hypothesized, information sharing did not show any relationship with the performance of customs 

clearance timeliness or proof of delivery timeliness, as these processes are primarily controlled by 

entities other than the principal or agent. Customs clearance is largely out of control of both the WHO 

and the pharmaceutical manufacturer and driven by in-country processes to clear shipments. The proof 

of delivery document is the responsibility of the LSP to provide to the WHO after the shipment has been 

delivered. While the LSP is contracted by the pharmaceutical manufacturer, by the time that the proof 

of delivery documentation is requested by the WHO, the pharmaceutical manufacturer has fulfilled its 

role to deliver the shipment and managing the LSP to provide the documentation is potentially less 

incentivized.  

While the proof of delivery documentation is highly valued by the WHO, it is not a necessary part of the 

pharmaceutical manufacturer to fulfill its commitment to deliver medicine donations in a timely manner 

to central medical stores. The information sharing did not impact the timeliness of providing the 

documentation after delivery, but the SCPMS has appeared to increase the provision of this 

documentation considerably, evident by the increase in data availability of the proof of delivery date 

after the SCPMS implementation. Before the SCPMS implementation, only a little over 20% of shipments 

had a date available for the documentation receipt, compared to nearly 50% of shipments with an 

available proof of delivery date in the “post” data group (Figure 17).  

This substantial increase in data availability after SCPMS implementation is not only evident for the 

proof of delivery date, but also for other data, such as the go signal request date, go signal approved 

date, and shipment date (Figure 17).  The literature does support that information sharing has a positive 

relationship with information quality, improving the completeness and accuracy of information shared 

(Marinagi et al., 2015). Therefore, observation of improvements in data availability after SCPMS 

implementation is consistent with the findings in the literature. Information quality evidently has a 

positive influence on key supply chain performance indicators, such as delivery performance, which 

provides support for the overall results seen from the regression analysis  (Zhou & Benton Jr., 2007). 

The results produced for go signal timeliness and shipment timeliness, however, were counter to the 

literature review and hypotheses. Go signal is primarily driven by the agent, the pharmaceutical 

manufacturer—although receiving inputs and supports from other supply chain partners—since go 

signal provides confirmation that the pharmaceutical manufacturer has all the necessary paperwork 

from the country to move forward with shipment. This KPI was significantly and negatively impacted, 

although the additional analysis conducted to review if go signal requests dates became earlier after 

information sharing provides more understanding of the results . Conversely, while shipment timeliness 
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also is primarily driven by the pharmaceutical manufacturer—also with support from other supply chain 

partners—this KPI appears to have no significant relationship at all with information sharing.  

The interpretation of the go signal timeliness results were better understood when reviewing if the go 

signal request dates were provided sooner by the pharmaceutical manufacturer, after implementation 

of the SCPMS. As the results in Table 22 provided, once the information sharing was implemented, the 

go signal request date was defined as 48 days sooner after the PO was provided compared to before 

information sharing and these results were significant at p <.01. These results suggest the standard 

increased for providing a “timely” go signal sooner after the PO was provided and therefore what 

appeared to be a significant and negative decline in the go signal timeliness from the initial results may 

not necessarily signify that the approval is actually being provided later after the SCPMS was 

implemented. Rather, it may indicate that information sharing has increased the pressure for timely 

delivery and influenced the behavior of the pharmaceutical manufacturer to pursue more aggressive 

standards.  

In this case, the agent is unsurprisingly influencing the higher standard for the go signal approval to be 

provided, motivated by the information sharing that more closely scrutinizes the agent’s performance 

for on-time delivery. Yet, as some inputs need to be provided by in-country stakeholders to achieve a go 

signal approval, and this information sharing is not substantially communicated to these stakeholders, 

this may explain why performance is not actually improving and meeting the higher standard for 

timeliness set by the agent. The information sharing may be only influencing one piece of the puzzle to 

acquire an earlier go signal approval. Potentially, over a greater period of time, the agent’s consistent 

request for an earlier go signal approval may influence the supporting supply chain partners to provide 

the needed inputs to achieve this earlier approval. In fact, the coefficient for the go signal timeliness in 

the main regression results is lower than the coefficient for the difference in days between PO date and 

go signal request date: 40 days versus 48 days.  This difference might indicate that go signal timeliness 

actually improved, relative to the standards previously used to provide a request date, since it appears 

that the approval is occurring at least 8 days earlier overall than before information sharing occurred.   

Furthermore, the results in Table 22 also indicated a significant reduction in the number of days 

between the go signal approved date and the shipment date, suggesting that pharmaceutical 

manufacturers shipped medicines more quickly after the go signal was provided compared to before the 

information sharing was implemented. This insight might also support the pharmaceutical 

manufacturer’s motivation by the information sharing to improve timeliness since the SCPMS more 

closely scrutinizes performance for on-time delivery. These results help explain the impact of the 

information sharing on the agent’s performance. 

Lastly, the shipment timeliness results showed no significant impact from information sharing on its 

performance and was a surprising outcome, as the literature would support that this KPI would improve 

in performance since this process is largely driven by agent. One potential explanation may be that 

perhaps there was a skew in the shipment mode usage between the “pre” and “post” data sets, with 

more air shipments in the “post” data. Shipment by air generally results in later shipment dates before 

the planned MDA since there is less lead time needed to arrive. Yet, this does not appear to be the case 
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according to the visual representation of control variables presented in Chapter 5 (see Figure 22), as 

there are less air shipments in the “post” group. Also, this confounding factor was controlled for in the 

regression model and therefore should not have an impact. Furthermore, the shipment timeliness 

calculation did take into account different lead times between shipment modes and therefore used the 

appropriate benchmark. Another potential explanation for the limited impact is the role of the LSP in 

supporting these shipment processes for the pharmaceutical manufacturer. Although the LSP is 

contracted with the pharmaceutical manufacturer to support the processes and does review the 

information sharing in the NTD Supply Chain Forum meetings, potentially information sharing has a 

reduced ability to impact such third parties. However, this explanation would then not explain why 

arrival timeliness and delivery timeliness improved—these processes are also supported by the LSP. 

Even further, the results in Table 22 supported a significant reduction in the number of days between 

the go signal approved date and the shipment date contradict these shipment timeliness results. It is 

unclear why shipments do not appear to be arriving significantly sooner before the MDA, even though 

pharmaceutical manufacturers are shipping the medicines out sooner after the go signal.  Further review 

is needed to understand the relationship of this KPI to information sharing.  

 

Robustness checks support that information sharing can be attributed to the results, rather than other 

factors or any natural improvement in the supply chain over time  

As previously discussed, quasi-experimental designs such as the one used in this research are challenged 

by the lack of randomization (Campbell & Stanley, 1963). This lack of randomization hinders the ability 

to link causality between the intervention and the results  (Campbell & Stanley, 1963). In addition to 

incorporating control variables in the regression model, robustness checks were conducted to better 

support the direct relationship between information sharing and the results. The robustness checks 

appear to support the findings from the regression analysis. The regression results accounting for a lag 

in the information sharing indicates significance is maintained for the majority of the variables that 

showed significance in the main results, whether a lag time to benefit of three or six months is 

considered. The results further support that even if the information sharing effect took time to make an 

impact, the performance still improved and can be attributed more confidently to implementation of 

the SCPMS.   

The “double pretest” robustness check provides additional support to the conclusion that the results can 

be attributed to information sharing. Comparison of performance over time before the information 

sharing was implemented suggests that the supply chain does not simply improve over time. Only PO 

timeliness indicated a significant positive change over time during the time period before the SCPMS 

was implemented. The reason for this change in PO timeliness may actually be attributed to another 

process intervention that was implemented in 2013, coinciding around the timing of the “Pre 2” group 

defined in this regression analysis which included medicines ordered from 2014 onward. In 2013, the 

joint application package (JAP) (described in Chapter 3) was launched by the WHO. It would be expected 

this JAP process most impacts the PO process to a positive degree, as this JAP supported more 

coordination between the various levels of WHO offices to assure timely applications and orders for 
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donated medicines (WHO, 2012). The implementation of this new JAP process may explain why the 

“double pretest” results shows a significant and positive result for PO timeliness.  

 

The impact of information sharing may vary by medicine/program  

The moderation analysis conducted to understand if confounding factors interacted with information 

sharing showed most confounding factors generally did not interact with information sharing, except 

medicine and disease. Shipment timeliness, arrival timeliness, and delivery timeliness all showed 

negative interactions with one or more medicines and diseases. As all three of these KPIs are driven by 

the agent, this negative interaction may likely reflect challenges in performance from the 

pharmaceutical manufacturer. There is consistency in the results between the medicines and diseases as 

Med4 is a treatment for Disease2, and Med2 is a treatment for Disease3. Med4 produced more negative 

interactions than Med 2, indicating negative interactions for all three of the mentioned KPIs, while Med2 

only indicated the negative interaction for shipment timeliness. The descriptive analysis supports this 

performance change for Med4 as the same KPIs show a decline in performance: the shipment timeliness  

mean changes from -0.14 to -3.53, the arrival timeliness mean changes from 0.98 to -0.97 and the 

delivery timeliness mean changes from -1.65 to -2.87 (Appendix 10). These trends are consistent as well 

for Disease2 in the descriptive analysis.  

A potential cause for the negative interactions for Med4 and Disease2 may relate to the change in 

volume that occurred for this medicine around the time of implementing the SCPMS. According to the 

pharmaceutical manufacturer’s publicly stated information, a commitment was made to significantly 

scale up donations of Med4 by 2016. This appears to be confirmed in the uptick in representation of 

Med4 in the “post” data (Figure 22). This increase in volume may have presented new challenges in 

managing a larger scale of donations and could also explain why the negative interactions are produced 

for the three KPIs, as they most relate to the pharmaceutical manufacturer-owned processes. However,  

even with consideration to this increase in volume, this insight may imply a missed opportunity by the 

pharmaceutical manufacturers to further leverage the information sharing to manage this change in 

supply. Other than knowing that the SCPMS data is reviewed quarterly for all medicines through the 

NTD Supply Chain Forum meetings, it is unknown how the pharmaceutical manufacturers use the 

information to manage the day-to-day operations. The usage may vary with further research needed to 

better understand if and how the usage of the information sharing by the pharmaceutical manufacturers 

may impact effectiveness. The literature previously reviewed does indicate that the frequency of data 

review and its usage affect the impact of information sharing (King and Epstein, 1983).  

Additionally, the moderation analysis results show the shipment mode also has some interactions with 

information sharing, with the land shipment mode producing a negative interaction for PO timeliness, 

shipment timeliness, and arrival timeliness. The driving factors for this interaction are unclear. In 

reviewing the attributes of the land shipments in the “pre” group compared to the “post” group, there 

does not appear to be any material change in the representation of the region delivered to or the type 

of medicine or disease treated. The proportions of these attributes are represented nearly identically. 

Similarly, order size appears to be fairly consistent. This is not surprising as only specific countries are 
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conducive to land transport. Further research would be needed to better understand why this mode of 

shipment had a negative interaction with information sharing for these variables.  

Overall, the results suggest that thought must be given to how the information sharing is used by the 

different pharmaceutical manufacturers. The changes and/or additional challenges in specific supply 

chains may call for a deeper and different usage of the information to manage such unique 

considerations, as well as to assure the information sharing is not counterproductive and does not cause 

more negative outcomes for some NTD supply chains. This insight on variability of the information 

sharing’s impact across the different supply chains may challenge the ability to fully generalize results 

across all NTD supply chains, or at a minimum, indicate the need for a deeper understanding of how the 

different pharmaceutical manufacturers use the information.  

 

Outliers identified may be considered “interesting outliers” that should remain in the analysis, instead 

of “error outliers” that should be removed from the analysis   

While the regression results with the outliers removed potentially challenge the hypotheses proven 

from the main regression results, there is low confidence that the values identified as outliers are true 

anomalies that should be removed, especially given that the data used is secondary data. Upon 

examination of the outlier values, they do not appear to be erroneous - the data points follow 

sequentially within the process and many reflect lead times that have been observed in practice. Hence,  

this may be why these values were not picked up in the “data cleaning” phase of the research as 

potential errors. These data points may consequently be classified as “interesting outliers,” a term for a 

type of outlier noted by Aguinis et al. (2013) that describes outlying data points that are accurate and 

have been identified as such (i.e., potential error outliers), but are not confirmed as actual errors. This 

type of outlier is generally not recommended to be removed from the data set, but to be instead 

studied in more depth for insightful trends and shared characteristics (Aguinis et al., 2013). For instance,  

a study by Hitt et al. (1998) found that examining the shared attributes of outliers of firm acquisition 

success led to insights to derive potential predictor attributes of success in this domain.   

To apply this consideration, the attributes of outliers were reviewed and compared against the 

attributes of the overall data set to identify any unique characteristics and better evaluate the 

hypothesis of these data points being interesting outliers, rather than errors. Since arrival and delivery 

timeliness had the most substantial change in the analysis results after removing the outliers, these two 

variables are the focus for the attribute review. The following attributes were reviewed: region, 

medicine and disease. The proportions of these attributes are compared between the overall data for 

the given variable and the outlier data to determine if the outlier data may be over-represented by 

specific attributes. Figures 25-27 show this comparative review of the outlier attributes for arrival 

timeliness. 
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Figure 25: Region attribute characteristics for arrival timeliness, comparing overall to outlier data 

 

 

Figure 26: Medicine attribute characteristics for arrival timeliness, comparing overall to outlier data 

 
Figure 27: Disease attribute characteristics for arrival timeliness, comparing overall to outlier data 
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The most notable differences are seen in Figure 25, which shows SEARO is significantly over-represented 

in the outlier data compared to the overall arrival timeliness data. SEARO comprises about 40% of the 

outlier data, compared to a little over 20% in the overall data. Figure 26 shows the medicine is fairly 

consistently represented in the outlier data, a slight difference between the make-up of Med2 and 

Med3. Figure 27 shows perhaps some slight difference in representation between Disease1 and 

Disease3, but not to the extent of the differences observed for the region attribute.  

 

Figures 28-30 provide the comparative review attributes for delivery timeliness: 

 

Figure 28: Region attribute characteristics for delivery timeliness, comparing overall to outlier data 

 

Figure 29: Medicine attribute characteristics for delivery timeliness, comparing overall to outlier 

data 
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Figure 30: Disease attribute characteristics for delivery timeliness, comparing overall to outlier data 

 

Similar to the arrival timeliness data, Figure 28 also shows an over-representation of SEARO in the 
outlier data, with the outlier data containing over 20% more SEARO data than the overall delivery 
timeliness data. Figure 29 also supports a minimal difference between Med2 and Med3 representation.  
Figure 30 shows a similar small difference in representation between Disease1 and Disease3 consistent 
with the arrival timeliness data, with Disease1 slightly over-represented in the outliers.  
 
This insight in observing some consistency in the outlier attributes against the overall data attributes 
might suggest the outliers reflect difference in performance standards between regions, rather than 
errors or true anomalies. The descriptive analysis by region (Appendix 10) further supports this notion, 
showing very different averages for the KPIs by region, including for arrival and delivery timeliness. 
Researchers commonly take the approach that “outliers” are problematic and should be removed or 
“fixed,” but this is often not appropriate in some research contexts (Aguinis et al., 2013). Such extreme 
values may indeed belong in the data analysis (Kovac & Ke, 2016). In the context of this research, this 
would appear to be the case. If an objective of the research is to improve the extremes in poor 
performance and bring them closer to matching the other spectrum of positive performance, this 
objective would be challenged by removing the extremities. 
 

7.1.2 Interpreting the findings on the secondary research questions 

Three secondary research questions were addressed:  

1) What is the impact on NTD shipment performance of extending information sharing in 

through publicly accessible country-level data? 

2) Does information sharing have a moderating effect on KPIs that are predictors for 

delivery timeliness? 

3) What is the impact of information sharing on upstream, country-driven KPIs? 
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Table 35 summarizes the hypothesis for each secondary research question and whether the results 

supported the hypothesis. In the discussion, the focus will be to review the findings for each variable 

and discuss potential drivers for the results, especially for the results that did not support the 

hypothesis, and any implications from the findings.   

 

Table 35: Summary of results for secondary research question hypotheses  

Secondary research question  Hypothesis Results outcome  
What is the impact on NTD 
shipment performance of 
extending information through 
publicly accessible country-level 
data? 

Extending information sharing may have a more 
positive impact for the following processes, 
because they are actively displayed in the public 
country pages: shipment timeliness, arrival 
timeliness, delivery timeliness 

Supported  

Does information sharing have 
a moderating effect on KPIs 
that are predictors for delivery 
timeliness? 

Information sharing will have a moderating 
impact consistent with the results of the OLS 
regression, indicating a moderating impact on 
variables with a significant relationship indicated 
in the OLS regression results 

Supported 

What is the impact of 
information sharing on 
upstream, country-driven KPIs? 

The only upstream country-driven process that 
will have a significant and positive impact will be 
PO timeliness against RO clearance, as this 
process is directly driven by the WHO HQ, the 
principal in the principal-agent model studied.  
There will not be any significant impact on any of 
the other upstream, country-driven processes 
since these processes are not actively managed 
and reviewed in the SCPMS 

Not supported – PO 
timeliness against RO 
clearance did indicate 
positive and significant 
impact; however, a 
significant and negative 
relationship was 
indicated for forecasting 
variance and RO 
clearance timeliness 

 

Extending information sharing to be publicly accessible and publicized to in-country NTD program 

managers appears to have an even more substantial and positive impact on downstream processes   

KPIs further downstream (shipment timeliness, arrival timeliness, delivery timeliness) seem to improve 

even more substantially than in the main results from the time period after which publicly accessible 

country-level data was implemented in Feb 2018 and the SCPMS was more widely marketed to country 

NTD program managers. Results from the regression analysis produced larger, positive coefficients  and 

more significant p-values. Note that the specific KPIs that improved are also the ones that are most 

prominent in the publicly accessible pages, per Figure 31.  

 

 



123 
 

 

 

 

 

 

 

 

 

 

Figure 31: Screenshot of the NTDeliver SCPMS publicly accessible country-specific data page, 

showing shipment date, arrival date, and delivery date as publicly viewable measures  

 

Evident by Figure 31, PO date, go signal dates, and customs clearance are not on the main interface for 

the publicly accessible country dashboard, although this data can be found through a deeper review of 

the public data for a given PO. This may provide further support that the publicly accessible data can be 

associated with the improvement in the performance observed in the results for these measures. The 

significant increase in user access and content views between 2017 and 2018 that occurred when this 

publicly accessible data was released further supports the impact from this extension of information 

sharing. Traffic statistics presented in a September 2018 NTD Supply Chain Forum meeting at the WHO 

HQ in Geneva illustrates this substantial increase in usage once this data was made publicly accessible 

(Tunggala, 2018). Figures 32 and 33 provide these statistics.  

 

Figure 32: User and visitor statistics for the NTDeliver SCPMS 
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Figure 33: Page view statistics for the NTDeliver SCPMS 

 

As Figure 32 shows, visitors by country increased by 77% and the number of registered users increased 

by 490%. Figure 33 shows an increase in the number of pages viewed by 69% and the number of page 

views of country pages increased by 174%. These significant increases in usage of the SCPMS partly 

highlights the impact of information sharing by releasing this publicly accessible data and may further 

explain why the performance significantly increased once this information sharing was extended.   

Three webinars and informational sessions were conducted to support publicizing the release of this 

freely accessible NTD supply chain data: 1) an informational session at the ESPEN1 Program Managers’ 

meeting in Kigali Rwanda; 2) a webinar hosted by the PAHO region in Spanish, and 3) a webinar hosted 

by ENVISION attended by country program managers from various regions  (Tunggala, 2018a). These 

events were noted as key factors for driving traffic to the SCPMS, for which the NTD Supply Chain Forum 

cited an uptick in subscribers and visitors directly after each session (Tunggala, 2018). A quote from the 

talking points of the SCPMS update at the 2018 NTD Supply Chain Forum meeting in Geneva lends 

insight into the impact of implementing the publicly accessible data on the behavior of the 

pharmaceutical manufacturers (referred to as “donors”) and the quality of the SCPMS data:  “This has 

really increased the number of visitors and interactions we see happen in the tool.  This has a positive side 

effect, because now donors are further encouraged to keep their data up to date and accurate, knowing 

it’s being looked at! We’ve also seen an increase in data input and accuracy since these pages became 

publicly available” (Tunggala, 2018a). 

It is an interesting observation that the impact from information sharing appears to be more significant 

when sharing publicly, primarily with country program managers, than when shared with the WHO HQ.  

This observation may imply that it is more effective to share information with those who depend on 

successful outcomes and performance from the work, rather than when sharing with those driving and 

directing the work. The literature is scarce in exploring this angle of the principal-agent dynamic and will 

 
1 ESPEN refers to the “Expanded Special Project for Elimination of Neglected Tropical Diseases,” focused on 
accelerating the elimination of the five most prevalent NTDs in the WHO AFRO region  
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be discussed further in section 7.2 with respect to the theoretical framework. Perhaps the 

pharmaceutical manufacturers are more motivated by sharing with country program managers, those 

who depend on timely deliveries to manage successful NTD programs, than with sharing with the WHO 

HQ, who the pharmaceutical manufacturers provide the direct commitment to for timely deliveries. Or, 

perhaps the drive for the improvement does not stem from who the information is shared with, but 

instead by how many actually review the information— visibility by more eyes may drive better 

outcomes. Another alternative may be that the impact to the performance simply improved even 

further due to more time using the SCPMS and the effect increase over time. It is unknown whether the 

utilization statistics continued to follow an upward trend after 2018 and further research may be 

needed to better understand the impact from this scope and increased volume of information sharing.  

 

Information sharing appears to have a significant and positive impact on most KPIs that are significant 

predictors of delivery timeliness  

The logistic regression results indicated that three variables are generally significant predictors of 

delivery timeliness: PO timeliness, shipment timeliness, and arrival timeliness. It is less surprising that 

shipment and arrival timeliness are powerful predictors as they are more downstream processes closer 

to the delivery process, but is an interesting observation that PO timeliness is also a significant predictor, 

given that this is the first process in the supply chain and most removed from the last step of delivery. 

The impact of PO timeliness on delivery timeliness has been often debated in the NTD Supply Chain 

Forum meetings, with pharmaceutical manufacturers stressing the importance of the WHO HQ 

providing POs early enough as to ensure timely delivery, when the WHO HQ raises the issue of poor on-

time delivery performance. The WHO HQ at times has considered this claim from the pharmaceutical 

manufacturers as a deflection of the pharmaceutical manufacturers’ responsibility for ensuring timely 

delivery. The results from this analysis may provide further support for ensuring POs are released with 

the standard six-month lead time or earlier, given that there is a clearer connection of PO timeliness to 

delivery timeliness. Also, although the strength of its predictive value is still the least strong compared 

to shipment timeliness and arrival timeliness, PO timeliness may in some ways serve as a more valuable 

predictor since the process is further upstream and can function as a more preventive measure to avoid 

delivery delays by ensuring POs are released on time. The results also support the extension of country-

level data publicly, since the sharing of country-level data improved shipment and arrival timeliness 

quite significantly, which are even more powerful predictors than PO timeliness  in delivery timeliness. 

Therefore, sharing the country-level data has significantly impacted the most powerful predictors of 

delivery timeliness (shipment timeliness and arrival timeliness) and may explain why delivery timeliness 

improved even more when extending this information sharing publicly.  

As noted in the results, customs clearance did show some significance in the relationship with delivery 

timeliness but did not prove to be a strong enough predictor given the relatively low odds ratio value 

and low percentage of successful predictions by the model. This result appears to align with literature 

that shows customs clearance delays surprisingly do not have a consistent impact on timeliness of 

MDAs. Koporc et. al’s (2015) research reviewing the impact of the timeliness of MDAs from first mile 
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challenges, results showed that only four of the twenty-four delayed and missed MDAs were attributed 

to customs issues, but the frequency with which countries experienced challenges with customs was 

much higher. The results of Koporc’s (2015) research may suggest while customs issues happen often, 

the issues do not necessarily impact MDA timeliness consistently. This outcome from Koporc’s (2015) 

research may help explain why the results of this research showed customs clearance challenges also do 

not appear to impact delivery timeliness consistently.   

Furthermore, the moderation analysis indicated that information sharing had a positive interaction with 

two of the delivery timeliness predictors identified from the logistic regression results: PO timeliness 

and arrival timeliness. These results align with the main regression results that demonstrate a positive 

relationship between information sharing with the improvement in both KPIs. The results from the 

moderation analysis might also explain why overall delivery performance increased according to the 

main regression results – two significant predictors of delivery timeliness, PO timeliness and arrival 

timeliness, also showed a significant improvement from information sharing. Therefore, in improving 

these two critical processes, delivery timeliness was also able to improve. 

 

Information sharing appears to have a significant and negative impact on upstream, country -driven 

processes – except where the WHO HQ (the principal) is the primary process driver  

Results indicated all upstream, country-driven processes had a significant relationship with information 

sharing, which did not support the hypothesis. The theoretical framework would indicate that the 

processes in which the agent and principal are largely not involved would not be significantly affected by 

information sharing. Also, the SCPMS does not prominently track these processes, which would also 

suggest that the information sharing would not be expected to drive significant impact. Yet, forecast ing 

variance and RO clearance both showed a significant, negative relationship with information sharing. PO 

timeliness against RO clearance did indicate a significant, positive relationship with information sharing,  

but was hypothesized as the WHO HQ (the principal) drives this process and would be expected to 

improve. The PO initiates the shipment process and the WHO HQ is actively engaged in the information 

sharing and review in the NTD Supply Chain Forum. A few explanations may be considered for why the 

unexpected results for these processes occurred, including some possible explanations which do not 

directly relate to information sharing. Explanations outside information sharing may be considered with 

respect to these results, as the information sharing was less clearly monitored and reviewed for these 

processes in the SCPMS, casting more uncertainty on the true relationship between the information 

sharing and the effects observed.  

In relation to the forecasting variance results, the calculations for the forecasting variance and observed 

variance may provide some insight. To recall, the forecasting variance provided the absolute value of the 

variance between the number of total tablets forecasted by the WHO and the actual amount ordered. 

However, whether the forecast was an over-estimate or under-estimate may lend some further 

perspective to better interpret the results. The “pre” data showed that on average the forecasted 

tablets were 3% less than what was actually ordered by countries.  In contrast, the “post” data 

forecasted tablets on average 40% above the ordered number of tablets. One possible explanation in 
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the context of information sharing could be that the information sharing has influenced countries to 

over-estimate the supply and request more than needed on the application, anticipating that the 

information sharing will cause more scrutiny of the application and result in more stringent allocation of 

medicines. Or, without any consideration to information sharing, the approaching 2020 target date may 

influence this behavior by causing fear of any change in the donation programs that may lead to 

reduced supplies. Alternatively, and also irrespective to any influence from information sharing, 

countries may have improved their in-stock reporting, especially due to the increasing focus from the 

WHO HQ on stock management. This improvement in calculating in stock medicines may have caused 

countries to order less than forecasted after realizing through inventory assessments that there is  more 

medicine in stock than initially taken into account in the forecast on the application. Therefore, these 

driving factors may explain why the forecasting variance increased more substantially after information 

sharing was implemented.  

Consideration of the WHO regional offices’ objectives and some context on priorities in application 

review in 2017 may explain the RO clearance timeliness results. The results indicated a negative impact,  

meaning the regions took more time to review and approve a country application, compared to prior to 

the SCPMS implementation. This longer lead time for regional review might have occurred because the 

regions became more focused on the quality of the application, potentially having awareness that the 

pharmaceutical manufacturers and involved partners had more centralized monitoring of the 

applications and attached applications to shipment tracking. While there certainly are time-bound goals  

in ensuring timely submission of applications, the countries may be more driven by adhering to these 

deadlines to ensure their MDAs can be supported. The regions may have less to lose from a late 

application and more to gain from a quality application, driven by WHO HQ goals to assure the countries  

are effectively filling out the forms and considering previous program usage of medicine. In fact, the 

WHO HQ in 2017 put a focus for the regional offices to ensure the “tablets in stock” part of the 

application was completed by countries. This may be another explanation, outside the scope of 

information sharing, of the increased duration of the regional review of application submissions as the 

focus was put in place around the same time the SCPMS was implemented (WHO, 2017a). Perhaps the 

regions had more back-and-forth with countries to ensure this part of the application was completed, 

which often is normally left blank, resulting in a longer time to finalize application approval. And as 

noted previously, this focus on stock management may also explain the increase in the forecasting 

variance.  

Overall, because these country forecasting and application processes are not as prominently tracked in 

the SCPMS or reviewed by the partners, further review would be needed to better understand if the 

information sharing, or other factors, were cause for the observed results. The focus of the SCPMS data 

has been on the shipment data and there is less confidence that information sharing was the direct 

cause for the significant results observed.  
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7.2  Application of principal-agent theory to the research 

The analysis results support the central tenet of the principal-agent theoretical framework, that 

information sharing will improve the agent’s performance by reducing the information asymmetry in the 

principal-agent relationship. While the principal-agent theory is generally applied in a setting where 

each party is focused on maximizing its benefit typically in terms of profit/cost, the framework and 

solution of information sharing to reduce this self-interest and improve performance appeared to hold 

true in spite of the applicability to a humanitarian scope. However, the results also indicated less 

orthodox interpretations of the relationship model, indicating that information sharing also has positive 

influence on the principal’s actions and questioning whether information sharing with audiences other 

than the principal exerted more pressure on the agent’s performance.  

In just a little over two short years of using the SCPMS for information sharing on the NTD supply chain, 

a significant impact was observed on key processes managed by the agent. The improvements in arrival 

timeliness and delivery timeliness support what the literature review suggests, that information sharing 

is an effective means of managing agent performance. Even in the absence of financial remuneration, as  

this supply chain does not involve financial payment by the principal to the agent, information sharing 

nevertheless had a significant and positive impact on the agent. This impact demonstrates the 

information sharing itself may be powerful enough to impact performance, without the need for 

financial penalties or incentives as a complement. Much of the literature focuses on usage of 

information sharing with financial penalties and/or incentives, since the framework is generally applied 

to commercial relationships with contractual relationships involving payment by the principal for the 

agent’s services. Outside of financial penalties or incentives, perhaps the threat of negative publicity 

from poor performance after investment in information sharing system may have provided motivation 

for the agent to improve performance.  

Interestingly, the principal’s actions also seemed to benefit positively from the information sharing.  The 

timeliness of POs provided by the WHO improved—both with respect to the six-month lead time before 

the planned MDA and the amount of days it took the WHO to create the PO after the regional office 

cleared the application. This result supports the recent literature acknowledging an evolving 

interpretation of the principal-agent relationship, that deviates from the more rigid categorization of the 

principal solely managing and directing the work, due to information asymmetry driven by the agent 

having the “information advantage” (Manatsa and McLaren, 2008; Hsiao and Tsai, 2013). As recent 

literature supports and the results of this research help validate, the agents may also need to “manage 

up” and mitigate principal actions that may adversely impact the work (White, 2010; Zardkoohi et al., 

2015). In this case, the information sharing appropriately also monitored the principal’s actions on 

providing timely POs and supported that improvement in those actions improves the overall outcome of 

the work, the timely delivery. The logistic regression results helped validate the importance of this 

process managed by the principal, indicating that PO timeliness is a powerful predictor of delivery 

timeliness.  

What is less clear in the literature on the principal-agent framework and from the results in this research 

is the expected impact on work that is supported by third parties contracted with the agent from using 
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tools to manage the principal-agent relationship. The literature acknowledges that agents may also 

contract with additional third parties to support the work but is silent on the expected impact on third 

party performance from information sharing or other tools intended to mitigate challenges presented by 

the principal-agent dynamics. The research results showed inconsistency in the impact on performance 

of processes supported by such third parties in the NTD supply chain. Arrival timeliness and delivery 

timeliness are supported by the LSP, a third party contracted with the pharmaceutical manufacturers, 

and these KPIs significantly improved. Yet, shipment timeliness has arguably the same support between 

pharmaceutical manufacturer and LSP but showed no significant relationship with information sharing in 

the main results. This perhaps is a weakness of the theoretical framework in its limited explanation of 

dynamics between agents and third parties operating to support the objectives in a principal-agent 

relationship. Alternatively, this dynamic could simply be further studied as its own principal-agent 

relationship in which the LSP is the agent of the pharmaceutical manufacturer as the principal.  

Although the NTD Supply Chain Forum does involve the LSP in its meetings and reviews of the SCPMS 

data with all partners, further consideration potentially should be given to how the information sharing 

is used between the pharmaceutical manufacturer and LSP in managing a principal-agent relationship 

within a principal-agent relationship. One suggestion could be incorporating more detailed data in the 

SCPMS that the LSP is responsible for within the scope of the shipment process, such as vessel booking 

confirmation and information on shipment routes. In fact, the LSP has their own SCPMS through the 

“control tower,” which houses all the information involved needed to arrange shipments of medicines 

through customs clearance to national warehouses (WHO, 2020e). The NTDeliver SCPMS pulls in 

information from this control tower, but much of the information still remains only visible to the LSP. 

Yet, a limitation to expanding this information sharing of control tower data from the LSP would likely be 

the concern of sharing commercially sensitive information with a broader audience through the SCPMS 

as there is a commercial contract between the LSP and each pharmaceutical manufacturer. The financial 

remuneration the pharmaceutical manufacturer provides to the LSP for its services poses dynamics 

more closely modeling those in the private sector and should be further explored to understand how 

inconsistencies in the type of incentives (i.e. financial compared to non-financial) within a supply chain 

may impact how the tool is implemented and/or the efficacy of the tools.  

The further positive impact on the performance of the supply chain from sharing data publicly, focused 

on agent-owned processes (shipment timeliness, arrival timeliness, delivery timeliness) introduces a 

new angle in the principal-agent framework. It is inconclusive if the improved performance is a result of 

the specific audience the information sharing was extended to, the increased volume of the audience, or 

even just a product of more time using the SCPMS. But should it be the case that the agents were more 

motivated to improve performance after the information was shared with country program managers, 

than when the information was shared with the WHO HQ—the principal—this would be an interesting 

implication for the principal-agent dynamic.  As noted, while there is no monetary exchange as the 

“reward”, there is a public relations value for pharmaceutical manufacturers to provide the donated 

pharmaceutical. This “reward” has never been contingent on the performance of the work. But perhaps  

sharing the data publicly more clearly compromised the value of this “reward” the agent receives if the 

public data revealed delivery performance is poor. The talking points previously noted from the 2018 

NTD Supply Chain Forum meeting in Geneva exposed some insight to support this idea, referencing that 
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pharmaceutical manufacturers were “further encouraged to keep their data up to date and accurate, 

knowing it’s being looked at” and that the SCPMS data managers “have seen an increase in data input 

and accuracy” since the data was made publicly available (Tunggala, 2018a). These insights might 

explain why these is more impact on the supply chain performance– this level of information sharing has 

a more direct impact to the reward. Yet, the principal-agent theory literature does not appear to provide 

insight on how sharing with a more public audience outside the principal would impact performance.  

There is much evidence in the literature to suggest information sharing has an impact on performance 

when sharing with those managing and performing the work, but no clear research on the impact of 

information sharing with customers or beneficiaries. However, there is research indicating that 

beneficiary participation in development programs has positive impact on programs, including 

Finsterbusch and Wicklin’s (1987) study showing a statistically significant, positive relationship between 

beneficiary participation and overall project effectiveness. In this context of the NTD supply chain, 

country managers are certainly not the beneficiaries; the patients receiving the medicine donations are 

the true beneficiaries. However, we may regard country program managers as representing an 

extension of the beneficiaries. Beneficiaries generally refer to the people a program explicitly aims to 

serve, and in this case, the country stakeholders that seek to use the medicines to drive their NTD 

program targets may be considered to be a representative of this group (Kutter, 2014). Thus, we may 

consider sharing the NTD shipment performance information through the country-specific data pages 

and supplementing the release of the data with training sessions for country program managers, as a 

closer form of beneficiary engagement. The results may have an implication that beneficiary 

participation and engagement in the supply chain is  an effective means of improving the supply chain 

performance, and potentially a means that is even more effective than sharing information with the 

principal. This implication could be extended to other humanitarian logistics contexts, such as between 

an NGO as an agent and a government’s foreign aid department as the principal.  

Finally, the upstream, country processes reveal there may be additional principal-agent dynamics 

between the various levels of the WHO that require their own information sharing tools and processes 

to effectively drive performance. The role of the WHO in the NTD programs is nuanced and clearly 

divided throughout the various levels of the WHO. In the relationship with the pharmaceutical 

manufacturers to manage the donation shipment performance, the WHO HQ clearly leads in managing 

and driving this relationship and the SCPMS studied was focused on driving and managing that 

relationship. The NTD Supply Chain Forum that initiated and reviews the data from the SCPMS also 

specifically incorporates the WHO HQ representatives as partners and leaves the management of the 

processes driven by the other levels of the WHO to the WHO HQ to address  outside the NTD Supply 

Chain Forum. Yet, the processes between the WHO CO and WHO RO are not removed from the impact 

to the delivery performance as they are still critical steps in the process. The results were difficult to fully 

interpret and understand in the context of information sharing in the SCPMS, since the information for 

these processes was more passively incorporated in the system and not actively reviewed among the 

partners. To better manage and understand the dynamics of processes with these country and regional 

levels of the WHO, perhaps a specific component of the SCPMS might be dedicated to monitoring these 

metrics and regularly reviewed between the three WHO entities. Yet, the overall consideration of these 

processes provides perspective for considering the different principal-agent relationships and that 
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information sharing should consider how the information driven by these alternative principals and 

agents is incorporated and addressed in the tools.  

Overall, the application of the principal-agent framework to understand the impact of information 

sharing in the NTD supply chain reveals that perhaps an evolution of the principal-agent framework is 

needed to consider a more nuanced set of relationships, particularly when applied to understand supply 

chain relationships. While the theory helps understand why information sharing through a performance 

measurement framework can alleviate information asymmetry in the principal-agent relationship 

between the WHO and the pharmaceutical manufacturers, it has limitations in explaining other 

relationships in the NTD supply chain and why/how information sharing may produce a different impact. 

The focus of the framework considers primarily a dyadic relationship—principal and agent. Other actors 

involved in supporting and/or consuming the product of the supply chain, such as third parties, 

customers, and beneficiaries, are not considered in the framework. As previously noted in Chapter 2 in 

the introduction of supply chain management research, supply chains have been re-conceptualized from 

a linear approach to an adaptive system of networks (Hearnshaw & Wilson, 2013). Supply chains are no 

longer exclusively viewed as the dyadic relationship between a “buyer” and a “supplier” for which they 

were traditionally viewed (Cox et al., 2006; Choi et al., 2009).  Perhaps similarly, the principal-agent 

theoretical framework must too evolve to consider the network of relationships. Instead of focusing on 

a dyadic relationship of the principal and the agent, the framework may consider the relationships 

principals and agents have with other actors operating in the space and understand how these 

relationships may contribute to any differences in the impact of tools used to manage issues such as 

information asymmetry.  

 

7.3 Strengths and limitations of the study 

A key strength of the research includes the amount of data available for the analysis, even accounting 

for gaps presented by missing data. Every variable for the main regression model had over 200 shipment 

data points to observe, with many variables having several hundred data points. Beuckelaer and 

Wagner’s (2011) study of methodological issues due to use of small samples in supply chain 

management research defined a “small” sample size as less than 110 observations and found that <15% 

of studies in the field used a sample size great than 350 observations. Therefore, the sample size of the 

research is above standards in the field of supply chain management research. Furthermore, historical 

data was available to pull from the same source since this data was loaded into the SCPMS. The 

historical data uploaded into the system was confirmed as originating from the same source reports as 

the new data directly populated in the system. A further strength of the research is that many 

robustness checks were conducted with positive results to help support that the information sharing 

was the factor accounting for supply chain improvements. While the design itself as a quasi-

experimental setup poses challenges to accounting effectively for confounding factors,  these robustness 

checks helped mitigate that gap and the results primarily supported information sharing as the 

explanatory factor for the supply chain improvements. Finally, an established theoretical framework is 

used to drive the analysis and structure the findings, by applying the principal-agent framework. 
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Limitations of the study are present in the design and the data. In a quasi-experimental design such as 

this study, the most significant weakness is the lack of random assignment (Harris et al., 2006). The 

research does not randomly assign which NTD supply chains will use the information sharing. Because of 

the lack of randomization, there is an inability to assure that all important confounding factors have 

been controlled (Harris et al., 2006). Yet, measures were taken to mitigate this weakness, identifying 

control variables in the regression model and conducting a moderation analysis  on the control variables 

incorporated in the regression model to understand if and how these confounding factors may have 

influenced results. Additionally, the descriptive analysis supported that the representation of key data 

attributes (region, medicine, disease) generally remained consistent between the “pre” and “post,” with 

the exception of a few control variables. Greater similarity in the characteristics between groups of data 

to be compared provides a lower likelihood that confounding factors will interfere with causality of the 

effect for the intervention (Handley et al., 2018). 

Furthermore, another design limitation includes that the quasi-experiment design type used does not 

have any type of control group, as a “one-group pretest-posttest design without control group” is the 

design used. This presents another challenge to ensure that the results generated are due to the 

intervention, rather than any other confounding factors. Alternative explanations may then more likely 

account for the results, rather than the intervention. Two alternative explanations  may account for the 

supply chain improvements in the results: 1) maturation, the explanation that naturally occurring 

changes may have accounted for the results (in this case, that the supply chain naturally improves over 

time); 2) history, the idea that events occurring concurrently with the intervention may instead account 

for the results, such as any other supply chain improvement initiatives  (Campbell & Stanley, 1963). The 

“double pretest” robustness check applied did support negation of the “history” alternative explanation,  

as results indicated that all but one from the supply chain KPIs did not improve naturally over time 

before the SCPMS was implemented. Regardless, the test may not be foolproof and it is more 

challenging in this less controlled design type to ensure consideration of all or at least most confounding 

factors. These limitations in the design may impact the internal validity of the study, primarily the extent 

that the research is able to establish causality between the intervention and the results (Handley et al., 

2018). However, the literature review demonstrated that other similar study designs in the space of 

information sharing do not even consider confounding factors in the model, let alone provide 

robustness checks.  

Another limitation in the research is in the data itself, in terms of the data quality assurance and its 

availability. The data presented some challenges through potential entry errors and missing data points .  

Some issues observed included impossible dates entered, limited sample sizes for some KPIs (such as  go 

signal timeliness, customs clearance timeliness, and proof of delivery timeliness) and little to no data for 

these variables for Med2. Also, the data availability for some KPIs was skewed in representation 

between the “pre” and “post” data sets, sometimes showing an over-representation of data available in 

the “post” data set. Particularly since the data is secondary data that was not collected by the 

researcher, this constrained the ability to apply preventative measures to limit data collection issues. For 

instance, while some data points are extracted directly from documentation, some data points (such as 

go signal dates) are entered manually and therefore lent themselves to more errors. The data cleaning 

step taken in the research sought to identify, review and remove data errors. Nevertheless, prevention 
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of errors is deemed the more impactful corrective measure over visual data checking and correction – 

studies have shown that those using visual checking to identify data errors only achieve perfect accuracy 

in the data 17% of the time, compared to 77.4% of the time for those using preventative data entry 

errors approaches, such as double entry (entering a data point twice upfront for cross -reference) 

(Barchard & Pace, 2011). In terms of the missing data, checks were done to assure the data was miss ing 

at random, but absence of data may still impact the power of the results.  

 

7.4  Implications for policy and practice   

The global health aid landscape is becoming more and more focused on driving measurable 

performance and “impact” from investments made. The findings from the analysis support investment 

in supply chain systems and commitment to data transparency in the context of this growing focus on 

measurement in the global health aid space. The research supports that investing in information sharing 

systems and data transparency leads to a positive improvement in supply chain performance. Given the 

indicated relationship between first mile supply chain performance and timeliness of MDAs (Koporc et 

al., 2015), investment in supply chain information sharing is a worthwhile focus area to support 

improvements to NTD program management. As the SDG 2030 and WHO 2030 roadmap targets 

approach, these results help affirm that investment in supply chain information sharing will be a critical 

and worthy part of ensuring success of program goals for treatment.  

Lack of coordination and limited visibility to order management are two of the top issues in 

pharmaceutical supply chains delivery to developing countries, as noted previously in the literature 

review (Privett & Gonsalvez, 2014). The findings of this research provide a possible answer to addressing 

these two top issues in global health supply chains in practice by implementing more information 

sharing to improve coordination among numerous partners and extend visibility to order tracking. The 

literature review demonstrated that supply chain performance management research is very much in 

the early phases in the humanitarian logistics space, with acknowledgement of its value to solve key 

issues in the space but limited implementation and study (Abidi et al., 2014). Meanwhile, the literature 

on the value of performance measurement and information sharing in impacting tangible supply chain 

improvements proved to be fairly extensive (Diaz, 2000; Gavirneni et al., 1999; Ghosh & Fedorowicz 

2008; Lee et al., 1997; Zahra Lotfi et al., 2013). The results from this research suggest that a “private 

sector solution” such as information sharing through a SCPMS appears to have positive results when 

applied to the public sector, such as humanitarian logistics, even with different market dynamics in 

place.  

In the space of policy, a growing focus fueled by public pressure has been placed on ensuring 

development partnerships and aid money can be effectively measured and demonstrate impact of 

interventions (Tanburn, 2008; DAC, 2008). This shift that occurred around 2010, after the end of the 

global financial crisis, is commonly referred to as the “results agenda”—influencing multilateral 

partners, partner countries, NGOs and implementers to bring greater discipline in the measurement of 

results and greater accountability for the delivery of aid (Independent Commission for Aid Impact, 
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2015). As governments seek to invest in global health supply chains as a priority in their foreign aid 

portfolio, such as USAID’s multi-million investment in the Global Health Supply Chain Program, with the 

mindset driven by this “results agenda,” this research aligns with the performance measurement focus 

in this new direction for aid (USAID Global Health Supply Chain Program, n.d.). This finding on the 

measurable, positive impact of information on supply chain performance supports that measure-driven 

tracking coupled with information transparency generates measurable supply chain improvements. The 

direction to invest further in supply chain performance measurement is aligned with the new direction 

of the “results agenda” in the area of aid delivery.  

Yet, enabling effective performance tracking requires commitment to data transparency. Challenges 

have been generally evident in the NTD space with sensitivity to data sharing, viewing the data as 

“owned” by the implementing countries. For instance, USAID’s NTD Database managed by ENVISION , 

which contains monitoring and evaluation data reported by USAID-supported NTD programs, cites a 

disclaimer noting “…data maintained in the USAID NTD Database, managed by ENVISION, are owned by 

the countries supported by USAID. As a result, USAID's NTD Database is restricted to authorized users 

only” (NTD Database, 2013). In this respect, the ability of the NTD Supply Chain Forum to successfully 

facilitate agreement from the WHO and countries to release country-level supply chain data publicly in 

the NTDeliver SCPMS is a significant achievement. The additional finding from the research that implies 

the impact of information sharing is potentially maximized by extending information sharing to a wider 

and more public audience may suggest an opportunity to extend the information sharing even further. 

Incorporating such transparency to the upstream, country processes, such as attaching country 

applications or tracking the regional office approval date in the publicly available data, may better 

improve these processes since the results for these processes did not show a positive impact from the 

more limited level of information sharing in place today. Also, engaging these country and regional 

stakeholders to review this upstream data in the NTD Supply Chain Forum meetings may be an 

additional opportunity. These processes have been noted as potentially impacting delivery timeliness  by 

even the WHO HQ—such as the fairly significant time taken for the regions to review applications—and 

further incorporation and review of these processes in the SCPMS may benefit the end-to-end NTD 

supply chain (WHO, 2017a). 

Beyond the NTD space, providing data transparency is generally viewed as a challenge faced with 

sensitivity from country governments that often results in refusal to release data for public 

consumption, citing national sovereignty as the rationale (Rajkotia, 2018).  While this research is focused 

on sharing supply chain data, the literature supports the benefits of information sharing in a broader 

context. Positive results observed from extending the information sharing may encourage the value and 

benefits of information sharing in other contexts in the global health development space.  

 

7.5  Suggestions for future research 

There are a number of opportunities available to expand on the research. Koporc’s et. al (2015) research 

supports a relationship between first mile supply chain issues and timeliness of MDAs , and thereby 
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supports the importance of this research studying first mile improvements by information sharing. Yet, 

there is an opportunity to better link the improvements shown in this first mile to the specific impact on 

MDA coverage, especially through statistical testing, as Koporc’s research does not evaluate significance 

of the relationship. As previously discussed, there is a growing trend for financial donors to understand 

the impact of investments made in global health. Although challenging to link interventions directly to 

broad health outcomes, often donors may want to quantify the impact in terms of cost savings or 

people reached (Giel et al., 2011). While the results of this research certainly helps to validate the 

positive and measurable impact of the information sharing intervention on the supply chain, further 

research on how the improvements to the supply chain results in a reduction in delayed and/or missed 

MDAs would provide better perspective on linking the delivery timeliness improvements to number of 

additional individuals treated. In Chapter 3, it was noted that the last mile tracking feature of the SCPMS 

was rolled out to Kenya in 2018 for all NTD medicine donations and this last mile tracking feature 

continues to be built out (“NTDeliver Last-mile,” 2017). As more data is collected in this component of 

the SCPMS, this data may support such additional research. Better understanding of such last mile 

challenges would align with the 2030 WHO roadmap’s assertion that “last -mile delivery, at the end of 

the supply chain, should be a priority” (WHO, 2020e).  

Further, research may be conducted to understand how the differences in the usage of the information 

sharing among pharmaceutical manufacturers may change the impact on the supply chain performance.  

The moderation analysis indicated the impact of the information sharing may vary for some 

performance indicators according to the medicine/disease type. While the information is consistently 

reviewed quarterly in the NTD Supply Chain Forum meetings among all partners, it is unknown how the 

pharmaceutical manufacturers or the WHO use the data in the day-to-day operations to monitor the 

shipment performance of the various medicines. As discussed in the literature review, studies show that 

factors related to the “how” of information sharing usage (such as frequency of sharing and review) may 

impact the efficacy of the information sharing (Ghosh & Federowicz, 2008). Therefore, further 

understanding in these differences in the usage of the data would lend more insight into best practices 

to maximize the information sharing and pitfalls to avoid.   

Additionally, recent and forthcoming developments for the NTDeliver SCPMS may lend new insights into 

how additional information sharing may lead to supply chain improvements. One example includes 

further study of the impact of implementing the country specific knowledge base in April 2019, which is 

intended to capture notes on country-specific processes from insights obtained by the various partners, 

such as any “special process for customs clearance” (Tunggala, 2018b). As customs clearance timeliness  

was a KPI that did not appear to be impacted by the information sharing and is not directly managed by 

the agent or principal, it would be valuable to understand if this type of information sharing on country-

specific processes may be an effective means of information sharing to better manage aspects of the 

supply chain less in control of the agent and the principal.  The NTDeliver system is expected to 

incorporate inventory management tools to support implementing effective “reverse logistics.” Reverse 

logistics is defined as “the role of logistics in product returns, source reduction, recycling, materials 

substitution, reuse of materials, waste disposal and refurbishing, repair, and remanufacturing” (Stock, 

1998). In this context, inventory tracking for donations is minimal after reaching the central medical 

stores and there is consequently little insight into whether recipients end up with too much or too little 
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medicines for MDAs (“NTDeliver Last-mile,” 2017). For medicines donated between 2012 and 2015, as 

much as 25% of the supplied medicine was not reported as used (WHO, 2017a).  

The WHO has been very engaged in understanding this gap in reporting by conducting measures such as  

visiting warehouses to review management processes and strictly enforcing applications for donated 

medicines to report medicine in stock (WHO, 2017a). The WHO 2030 roadmap even highlights this area 

of the supply chain as a focus, nothing that “last-mile delivery, at the end of the supply chain, should be 

a priority, including stock management and reverse logistics at subnational levels to improve the supply 

chain, minimize wastage and reduce stock-outs” (WHO, 2020e). Implementing inventory management 

tools for the NTD supply chain through the SCPMS may be used to identify opportunities for reverse 

logistics to return excess medicines back to warehouses for usage in future MDAs and potentially even 

considering returns or rerouting of excess medicines to other countries. Such initiatives will help to close 

the gap between the forecasted and ordered quantities. Once implemented, further research may be 

conducted to understand the impact of this inventory management on requested medicine volume and 

any decrease in wasted stock.  

Finally, with respect to the current global health climate, the impact of COVID-19 pandemic has had a 

significant impact on NTD programs in the short term. Guidance from the WHO advises that MDAs must  

be postponed until further notice to respect public health measures that advocate for physical 

distancing to slow the spread of COVID-19 (WHO, 2020f). Because of this new protocol, planning for 

MDAs and shipments must be adjusted to account for the MDA postponements.  The NTDeliver SCPMS 

continues to collect data on the supply chain through this pandemic, such as adjusting for new MDA 

dates and cancelling current orders. Research may be conducted to gain insight on new challenges from 

this supply chain disruption caused by MDA postponements to understand the impact by region. Also, 

the data may potentially identify any best practices that may provide insight on managing uncertainty 

for mass global health campaign supply chain planning during a pandemic.   
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Chapter 8: Conclusion  

The thesis covers an important topic within the space of both NTD and humanitarian supply chains that 

is fairly limited in the literature.  While there are many studies on supply chain performance 

measurement in a commercial context, performance measurement has not been widely developed or 

systematically implemented in humanitarian supply chains (Abidi et al., 2014). With regards to NTD 

research, as the literature review search results showed (Table 2), there are thousands of research 

papers on NTD program management but only a handful that even tangentially relate to supply chain 

topics—let alone fully dedicated to supply chain topics. The research sought to undertake an empirical 

study of the implementation of information sharing in the NTD supply chain, applying the theoretical 

framework of principal-agent theory using a quasi-experiment design, to assess the impact of 

information sharing on supply chain performance. The originality of the thesis arises from the ability to 

contribute empirical research to what is currently primarily a body of exploratory research in the 

literature regarding humanitarian supply chains and contributing as well to the nearly non-existent 

research on NTD supply chains.  

The thesis presented the results of quantitative research studying the scope of preventive 

chemotherapy donations managed by the WHO through the “joint mechanism” process, reflecting over 

1,300 shipments delivered across the six WHO regions. The data covered nearly 11.5 billion donated PC 

medicines to 108 countries. A quasi-experiment design was used, as the SCPMS was implemented in a 

real-world application that would not make randomization possible (Harris et al., 2006). The quasi-

experiment design was also fitting as most supply chain intervention research involves quasi-experiment 

approaches instead of randomized control trials (Kidoido & Child, 2014). 

Overall, the results provide insight on the study’s aim to understand if the SCPMS had a positive impact 

on delivery timeliness and other KPIs, finding a significant relationship between implementation of the 

system and KPIs. The findings indicated that information sharing is associated with supply chain 

improvements, improving PO timeliness, arrival timeliness, and—the most important success measure 

for this supply chain—delivery timeliness. Unexpected results were observed for the go signal timeliness  

and shipment timeliness KPIs, possibly explained by additional complexity in the management of these 

processes contributed from the supporting parties to the agent. The results also suggest that thought 

must be given to how the information sharing is used by the different pharmaceutical manufacturers  

outside the scope of the NTD Supply Chain Forum quarterly reviews, with deeper and different usage of 

the information to manage unique considerations and supply chain challenges.  

Extending the information sharing to be publicly accessible and publicized in a targeted fashion to in-

country NTD program managers appeared to have an even more substantial and positive impact on 

downstream processes, although further research may be needed to better understand if the 

information sharing was more impactful due to the increased volume of users or because the 

information was specifically accessed by this group of users. Finally, the information sharing appeared to 

have a significant and negative impact on upstream, country-driven processes—except where the WHO 

HQ (the principal) was the primary driver for the process. Because these country forecasting and 

application processes are not as prominently tracked in the SCPMS or reviewed by the partners and 
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inevitably impact timeliness, further consideration should be given to more intentionally measuring and 

engaging in review of these processes to see a positive impact.   

The principal-agent theoretical framework was used to understand and interpret the results, with the 

results validating a central assumption of the theoretical framework, that information sharing will 

improve the agent’s performance by reducing the information asymmetry. This outcome supported the 

ability for the theoretical framework to be applied in a humanitarian context, despite the framework 

generally being applied in a setting where each party is focused on maximizing its benefit typically in 

terms of profit/cost. The results also indicated less orthodox interpretations of the principal-agent 

relationship model, indicating that information sharing also has positive influence on the principal’s 

actions and questioning whether information sharing with audiences other than the principal exerted 

more pressure on the agent’s performance. A potential weakness of the framework was highlighted in 

its limited consideration of relationship dynamics outside the primary principal-agent relationship.  

These results help affirm that investment in supply chain information sharing will be a worthwhile 

contribution to the 2030 goals in the SDGs and the WHO’s new 2030 roadmap. Given the significant 

scale in volumes of medicines and the large number of people requiring these medicines, the research 

implications have the potential to provide incremental and substantial improvements to global health 

programs affecting the health of tens, if not hundreds, of millions of people. The research supports that,  

even in absence of financial remuneration, information sharing contributes measurable supply chain 

improvements and supports investing further in performance measurement in humanitarian supply 

chains. As the profile of the supply chain continues to elevate in humanitarian programs, especially 

those in the healthcare space, there will be an opportunity will be to invest further in such performance 

measurement tools to bring a more evidence-based approach on decision making in the supply chain. 

This may promote accountability and coordination across partnerships, and further link these initiatives 

to achieving improved healthcare outcomes and goals. There will also be opportunities to further review 

empirically the investment in such performance measurement tools to better understand its impact in a 

humanitarian context that can contribute towards creating a more robust body of literature. In this case 

of the NTD supply chain, the investment proved to be valuable both in its tangible and intangible 

outcomes, exemplified by a quote from Tijana Williams, founding member of the NTD Supply Chain 

Forum and Director of Supply Chain Planning and Finances for the NTD unit at GlaxoSmithKline: 

“…transparency, coordination, and visibility across the end-to-end supply chain of NTD donations was 

needed in order to make the process much more efficient and effective - we have now achieved this with 

the NTDeliver and we should all be proud of that” (CWW,  2019).    
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Appendices    

APPENDIX 1:  Permission to reprint WHO copyrighted material  
Provided is a screenshot of the WHO-provided permission to reprint WHO copyrighted material for 

Table 1 used in this dissertation, under ID # 342793. The submitted permission request form may be 

accessed via the following hyperlink: 

http://apps.who.int/datacol/survey.asp?survey_id=258&respondent_id=342793 

 

Provided is a screenshot of the WHO-provided permission to reprint WHO copyrighted material for 

Figures 11 and 12 used in this dissertation, under ID #284185. The submitted permission request form 
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APPENDIX 2: NTDeliver SCPMS screenshots 
 

Four key functions of NTDeliver:  

1) Planning and forecasting 

  
 

2) Production forecasting 
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3) Purchase order tracking 

 
 

4) Country  
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 “Monitoring Table” download option in SCPMS: 

   
 

Screenshot of “training and documentation” drop-down in SCPMS:  
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Screenshot of landing page for “training and documentation”:  

 

Screenshots of data dictionary resource:  
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APPENDIX 3: University of Bath Research Ethics Approval Committee for 

Health (REACH)   
 

REACH reference number, per documented screenshot: EP 17/18 242 
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APPENDIX 4:  Raw data descriptive analysis and review for typing errors by 

dependent variable 
 

Table 1: Descriptive analysis for all raw data  

Data Label N 

PO # 1419 

Tablets Requested 605 

Tablets Ordered 1484 

App Submission 704 

RO Clearance Date 753 

PO Raising Date 1478 

Proposed Shipment Date 1449 

Estimated Packing Completion Date 364 

Actual Packing Completion Date 160 

Go Signal Request Date 269 

Go Signal Approved Date 250 

Shipment Date 732 

Estimated Arrival Date 1 

Actual Arrival Date 965 

Actual Customs Clearance Date 305 

Estimated Delivery Date 0 

Delivery Warehouse 736 

PoD 467 

PlannedPC 1075 

Actual Distribution Date 0 

Valid N (listwise) 0 
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Table 2: Descriptives for all raw data, split between “pre” SCPMS and “post” SCPMS data groups  

Data Label N 

0 

(“Pre” 

SCPMS) 

PO # 1008 

Tablets Requested 217 

Tablets Ordered 1068 

App Submission 404 

RO Clearance Date 451 

PO Raising Date 1068 

Proposed Shipment Date 1033 

Estimated Packing Completion Date 89 

Actual Packing Completion Date 1 

Go Signal Request Date 126 

Go Signal Approved Date 118 

Shipment Date 423 

Estimated Arrival Date 1 

Actual Arrival Date 687 

Actual Customs Clearance Date 204 

Estimated Delivery Date 0 

Delivery Warehouse 466 

PoD 258 

PlannedPC 680 

Actual Distribution Date 0 

Valid N (listwise) 0 

1 

(“Post” 
SCPMS) 

PO # 411 

Tablets Requested 388 

Tablets Ordered 416 

App Submission 300 

RO Clearance Date 302 

PO Raising Date 410 

Proposed Shipment Date 416 

Estimated Packing Completion Date 275 

Actual Packing Completion Date 159 

Go Signal Request Date 143 

Go Signal Approved Date 132 

Shipment Date 309 

Estimated Arrival Date 0 

Actual Arrival Date 278 

Actual Customs Clearance Date 101 

Estimated Delivery Date 0 

Delivery Warehouse 270 

PoD 209 

PlannedPC 395 

Actual Distribution Date 0 

Valid N (listwise) 0 
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Raw data review for typing errors by dependent variable  

Table 1: PO timeliness  

Pre/Post 
SCPMS 

PO # PO Raising 
Date 

PO Raising 
Timeliness  
(in months) 

Go Signal 
Approved 
Date 

Shipment 
Date 

Actual 
Arrival 
Date 

Actual 
Customs 
Clearance 

Delivery 
Warehouse 

PoD PlannedPC 

Pre 200882923 18-Nov-11 22.4 N/A 19-Dec-13 19-Jan-14 24-Feb-14 4-Mar-14 4-Mar-14 20-Mar-14 

 

Table 2: Go signal timeliness 

Pre/Post 

SCPMS 

PO # PO Raising 

Date 

Go Signal 

Request 
Date 

Go Signal 

Approved 
Date 

Go Signal 

Timeliness 

Shipment 

Date 

Actual 

Arrival 
Date 

Actual 

Customs 
Clearance 
Date 

Delivery 

Warehouse 

PoD PlannedPC 

Pre 201213906 2-Apr-15 23-Aug-17 15-Sep-15 -708 1-Nov-15 4-Nov-15 N/A 12-Nov-15 15-Nov-15 20-Oct-15 

Pre 201250855 1-Jun-15 18-Jul-16 3-Aug-15 -350 30-Jul-15 23-Aug-15 N/A 24-Aug-15 24-Aug-15 20-Apr-16 

Pre 201290044 29-Jul-15 21-Jul-16 23-Nov-15 -241 5-May-16 13-May-16 N/A 26-May-16 N/A 20-May-15 

Pre 201290045 29-Jul-15 21-Jul-16 23-Nov-15 -241 8-Apr-16 18-Apr-16 N/A 17-May-16 N/A 20-Sep-15 

Pre 201317046 4-Sep-15 21-Jul-16 4-Mar-16 -139 26-Mar-

16 

8-Apr-16 16-May-16 20-May-16 N/A 20-Mar-16 

Pre 201354640 19-Oct-15 21-Jul-16 6-Apr-16 -106 11-Apr-16 14-Apr-16 N/A 3-May-16 3-May-16 20-May-16 

Pre 201408466 17-Dec-15 21-Jul-16 11-Mar-16 -132 30-Mar-
16 

31-Mar-16 9-May-16 9-May-16 23-Jun-16 N/A 

Post 201593760 24-Sep-16 5-Apr-17 5-Sep-17 153 16-Sep-17 7-Oct-17 24-Oct-17 25-Oct-17 25-Oct-17 20-Oct-17 

Post 201763532 8-Jun-17 25-Aug-17 4-Jul-18 313 31-Jul-18 30-Aug-18 N/A 28-Sep-18 3-Oct-18 20-Jun-18 

Post 201801106 4-Aug-17 27-Oct-17 19-Mar-18 143 1-May-18 11-May-18 N/A 19-May-18 N/A 20-Oct-18 

Post 201877786 10-Nov-17 17-Jan-18 17-Jan-17 -365 17-Jul-18 29-Jul-18 N/A 31-Jul-18 2-Aug-18 20-May-18 

 

Table 3: Shipment timeliness  

Pre/Post 
SCPMS 

PO # PO Raising 
Date 

Go Signal 
Approved 
Date 

Shipment 
Date 

Shipment 
Timeliness 
(in months)  

Actual 
Arrival Date 

Actual Customs 
Clearance Date 

Delivery 
Warehouse 

PoD PlannedPC 

Pre 201519202 8-Jun-16 N/A 1-Jan-16 16.9 20-Feb-17 N/A N/A 1-Jan-16 20-Aug-17 

Pre 201265273 22-Jun-15 N/A 2-Dec-15 -13.5 9-Dec-15 N/A 19-Jan-16 N/A 20-Jan-15 

Pre 201265271 22-Jun-15 N/A 9-Dec-15 -13.8 9-Dec-15 N/A 29-Jan-16 N/A 20-Jan-15 

Pre 201290044 29-Jul-15 23-Nov-15 5-May-16 -14.7 13-May-16 N/A 26-May-16 N/A 20-May-15 

Post 201587867 24-Sep-16 N/A 24-Nov-18 -16.3 N/A N/A N/A N/A 20-Oct-17 

Post 201587871 24-Sep-16 N/A 1-Aug-18 -12.5 N/A N/A N/A N/A 20-Oct-17 

Post 201751265 19-May-17 N/A 9-Nov-17 -12.8 8-Nov-17 N/A 8-Nov-17 N/A 20-Jan-17 

Post 201801105 4-Aug-17 N/A 24-Dec-17 -14.3 19-Jan-18 N/A 30-Mar-18 11-Apr-

18 

20-Jan-17 

Post 201811272 21-Aug-17 N/A 23-Nov-18 -12.2 23-Dec-18 N/A N/A N/A 20-Feb-18 
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Table 4: Arrival timeliness 

Pre/Pos
t SCPMS 

PO # PO Raising 
Date 

Go Signal 
Approved 
Date 

Shipment 
Date 

Actual 
Arrival 
Date 

Arrival 
Timeliness 
(in months) 

Actual 
Customs 
Clearance 
Date 

Delivery 
Warehouse 

PoD PlannedPC 

Pre 200699863 6-Nov-12 N/A N/A 17-Jan-13 14.2 N/A N/A N/A 20-Mar-14 

Pre 200711689 17-Dec-12 N/A N/A 9-Oct-13 13.6 N/A N/A N/A 20-Nov-14 

Pre 200838786 22-Aug-13 N/A N/A 28-Nov-13 12.9 N/A N/A N/A 20-Dec-14 

Pre 200843288 29-Aug-13 3-Oct-13 10-Dec-13 17-Dec-13 12.3 18-Dec-13 26-Dec-13 26-Dec-13 20-Dec-14 

Pre 200874667 14-Oct-13 N/A N/A 17-Apr-14 13.3 N/A N/A N/A 20-May-15 

Pre 200935854 29-Jan-14 N/A N/A 31-Jan-15 -12.5 N/A 12-Feb-15 N/A 20-Jan-14 

Pre 201067673 4-Sep-14 N/A 27-Feb-15 9-Mar-15 13.6 11-Mar-15 11-Mar-15 11-Mar-15 20-Apr-16 

Pre 201317047 27-Aug-15 20-Oct-15 2-Nov-15 17-Nov-15 13.3 N/A 29-Dec-15 N/A 20-Dec-16 

Pre 201310993 27-Aug-15 9-Oct-15 2-Nov-15 17-Nov-15 13.3 29-Dec-15 29-Dec-15 12-Jan-16 20-Dec-16 

Pre 201327576 17-Sep-15 N/A 13-Nov-15 13-Nov-15 13.4 N/A 14-Nov-15 N/A 20-Dec-16 

Pre 201528422 20-Jun-16 18-Sep-16 27-Sep-16 10-Oct-16 12.5 22-Oct-16 27-Oct-16 31-Oct-16 20-Oct-17 

Post 201801105 4-Aug-17 N/A 24-Dec-17 19-Jan-18 -12.1 N/A 30-Mar-18 11-Apr-18 20-Jan-17 

Post 201797999 21-Jul-17 4-Dec-17 24-Dec-17 19-Jan-17 16.2 N/A 12-Feb-17 24-Feb-18 20-May-18 

Post 202019519 15-Jun-18 N/A 20-Sep-18 31-Oct-18 12.8 N/A N/A N/A 20-Nov-19 

 

Table 5: Customs clearance timeliness 

Pre/Post 
SCPMS 

PO # PO Raising 
Date 

Go Signal 
Approved 
Date 

Shipment 
Date 

Actual 
Arrival 
Date 

Actual 
Customs 
Clearance 
Date 

Customs 
Clearance 
Timeliness 

Delivery 
Warehouse 

PoD PlannedPC 

Pre 20084400638102 29-Feb-08 N/A 12-May-08 11-Jul-08 17-Dec-08 159 17-Dec-08 17-Dec-08 N/A 

Pre 20114400765508 9-Dec-11 N/A 10-Nov-11 29-Jan-12 22-Aug-12 206 27-Aug-12 27-Aug-12 N/A 

Pre 201105718 27-Oct-14 N/A 18-Dec-14 25-Feb-14 16-Feb-15 -9 25-May-15 25-May-
15 

20-Mar-15 

Pre 201108654 30-Oct-14 N/A 2-Jun-15 12-Feb-15 9-Jul-15 147 30-Apr-15 9-Jul-15 20-Mar-15 

Pre 201358160 21-Oct-15 17-Jun-16 14-Jul-16 5-Aug-17 24-Aug-16 -346 26-Aug-16 14-Sep-16 20-Aug-16 

Pre 201358153 22-Oct-15 21-Jul-16 3-Jun-16 12-Jun-16 8-Dec-16 179 14-Jul-16 18-Jul-16 20-Jan-16 

Pre 201554456 5-Aug-16 N/A 30-Sep-16 3-Oct-16 2-Oct-16 -1 3-Oct-16 29-Sep-16 20-Jan-17 

Pre 201559657 15-Aug-16 N/A 13-Oct-16 18-Oct-16 16-Oct-16 -2 17-Oct-16 19-Oct-16 20-Feb-17 

Post 201634163 21-Nov-16 18-May-17 26-May-17 2-Jun-17 14-Sep-17 104 14-Sep-17 20-Sep-17 20-Apr-17 

Post 201645669 7-Dec-16 N/A 11-Apr-17 28-Apr-17 26-Apr-17 -2 28-Apr-17 16-May-
17 

20-May-17 

Post 201646801 8-Dec-16 10-Apr-17 11-Apr-17 1-May-17 21-Apr-17 -10 1-May-17 24-Apr-17 20-May-17 

Post 201772446 22-Jun-17 N/A 10-Sep-17 6-Oct-17 5-Oct-17 -1 6-Oct-17 30-Oct-17 20-May-18 

Post 201811269 18-Aug-17 N/A 3-Apr-18 2-May-18 28-Apr-18 -4 17-May-18 21-Jun-18 20-Feb-18 

Post 201901559 7-Dec-17 14-Aug-18 9-Sep-18 11-Nov-18 31-Oct-18 -11 25-Nov-18 16-Dec-18 20-Oct-18 
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Table 6: Delivery timeliness 

Pre/Post 
SCPMS 

PO # PO Raising 
Date 

Go Signal 
Approved 
Date 

Shipment 
Date 

Actual 
Arrival 
Date 

Actual 
Customs 
Clearance 
Date 

Delivery 
Warehouse 

Delivery 
Timeliness 
(in 
months) 

PoD PlannedPC 

Pre 200935854 29-Jan-14 N/A N/A 31-Jan-15 N/A 12-Feb-15 -13.9 N/A 20-Jan-14 

Pre 200957928 6-Mar-14 N/A N/A 14-Dec-14 N/A 20-Jan-15 -13.2 N/A 20-Jan-14 

Pre 201030575 30-Jun-14 N/A 2-Sep-14 24-Sep-14 N/A 14-Jan-15 -13.0 N/A 20-Jan-14 

Pre 201067673 4-Sep-14 N/A 27-Feb-15 9-Mar-15 11-Mar-15 11-Mar-15 12.5 11-Mar-15 20-Apr-16 

Pre 201265273 22-Jun-15 N/A 2-Dec-15 9-Dec-15 N/A 19-Jan-16 -13.1 N/A 20-Jan-15 

Pre 201265271 22-Jun-15 N/A 9-Dec-15 9-Dec-15 N/A 29-Jan-16 -13.5 N/A 20-Jan-15 

Pre 201290044 29-Jul-15 23-Nov-15 5-May-16 13-May-16 N/A 26-May-16 -13.4 N/A 20-May-15 

Pre 201327576 17-Sep-15 N/A 13-Nov-15 13-Nov-15 N/A 14-Nov-15 12.4 N/A 20-Dec-16 

Pre 201414781 12-Jan-16 21-Jul-16 8-Sep-16 2-Oct-16 N/A 8-Feb-18 -16.9 8-Feb-18 20-Oct-16 

Post 201797999 21-Jul-17 4-Dec-17 24-Dec-17 19-Jan-17 N/A 12-Feb-17 14.4 24-Feb-18 20-May-18 

Post 201801105 4-Aug-17 N/A 24-Dec-17 19-Jan-18 N/A 30-Mar-18 -15.5 11-Apr-18 20-Jan-17 

 

Table 7: Proof of delivery Timeliness 

Pre/Post 
SCPMS 

PO # PO Raising 
Date 

Shipment 
Date 

Actual 
Arrival Date 

Actual 
Customs 
Clearance 
Date 

Delivery 
Warehouse 

PoD Proof of 
Delivery 
Timeliness 

PlannedPC 

Pre 20084400626050 29-Feb-08 8-Jul-08 25-Aug-08 24-Sep-08 24-Sep-08 28-Apr-08 -119 N/A 

Pre 20084400638102 29-Feb-08 12-May-08 11-Jul-08 17-Dec-08 17-Dec-08 17-Dec-08 159 N/A 

Pre 20114400765508 9-Dec-11 10-Nov-11 29-Jan-12 22-Aug-12 27-Aug-12 27-Aug-12 211 N/A 

Pre 20134400810275 3-Sep-12 21-Feb-13 25-Feb-13 8-Apr-13 14-Jun-13 14-Jun-13 109 N/A 

Pre 201108654 30-Oct-14 2-Jun-15 12-Feb-15 9-Jul-15 30-Apr-15 9-Jul-15 147 20-Mar-15 

Pre 201305952 21-Aug-15 31-Jan-16 5-Feb-16 N/A 5-Feb-16 24-Jun-16 140 20-Feb-16 

Pre 201358145 21-Oct-15 19-Feb-16 19-Feb-16 N/A 18-Mar-16 22-Jun-16 124 20-Mar-16 

Pre 201358160 21-Oct-15 14-Jul-16 5-Aug-17 24-Aug-16 26-Aug-16 14-Sep-16 -325 20-Aug-16 

Pre 201358152 22-Oct-15 17-Feb-16 7-Mar-16 N/A 14-Mar-16 23-Jun-16 108 20-Mar-16 

Pre 201363301 27-Oct-15 23-Feb-16 11-Mar-16 8-Apr-16 11-Apr-16 23-Jun-16 104 20-Apr-16 

Pre 201366157 29-Oct-15 23-Dec-15 25-Dec-15 6-Jan-16 6-Jan-16 7-Dec-16 348 20-Jan-16 

Pre 201366512 30-Oct-15 24-Feb-16 24-Feb-16 N/A 8-Mar-16 22-Jun-16 119 20-Feb-16 

Pre 201366513 30-Oct-15 11-Feb-16 4-Feb-16 N/A 19-Feb-16 30-Jun-16 147 20-Jan-16 

Pre 201366514 30-Oct-15 29-Jan-16 11-Feb-16 8-Mar-16 19-Mar-16 23-May-
16 

102 20-Jan-16 

Pre 201414781 12-Jan-16 8-Sep-16 2-Oct-16 N/A 8-Feb-18 8-Feb-18 494 20-Oct-16 

Pre 201519202 8-Jun-16 1-Jan-16 20-Feb-17 N/A N/A 1-Jan-16 -416 20-Aug-17 

Pre 201563806 21-Aug-16 1-Jan-17 12-Dec-16 12-Dec-16 13-Dec-16 5-Jan-16 -342 20-Feb-17 

Post 201575016 3-Sep-16 9-Dec-16 14-Jan-17 20-Apr-17 27-Apr-17 23-Jun-17 160 20-Feb-17 

Post 201634163 21-Nov-16 26-May-17 2-Jun-17 14-Sep-17 14-Sep-17 20-Sep-17 110 20-Apr-17 
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Pre/Post 
SCPMS 

PO # PO Raising 
Date 

Shipment 
Date 

Actual 
Arrival Date 

Actual 
Customs 
Clearance 

Date 

Delivery 
Warehouse 

PoD Proof of 
Delivery 
Timeliness 

PlannedPC 

Post 201664331 18-Jan-17 12-Sep-17 29-Oct-17 N/A 8-Nov-17 4-Apr-18 157 20-Apr-17 

Post 201705219 15-Mar-17 4-Jun-17 23-Jun-17 18-Jul-17 20-Jul-17 10-Nov-17 140 20-Mar-17 

Post 201745228 15-May-17 12-Sep-17 23-Oct-17 N/A 8-Nov-17 4-Apr-18 163 20-Apr-17 

Post 201757191 31-May-17 10-Nov-17 22-Dec-17 N/A 6-Jan-18 17-Apr-18 116 20-Apr-18 

Post 201784611 10-Jul-17 12-Sep-17 23-Oct-17 N/A 8-Nov-17 4-Apr-18 163 20-Mar-18 

Post 201797992 21-Jul-17 31-Dec-17 30-Dec-17 N/A 9-May-18 9-May-18 130 20-Apr-18 

Post 201798003 21-Jul-17 20-Dec-17 7-Jan-18 5-Apr-18 13-Apr-18 16-May-
18 

129 20-Apr-18 

Post 201797999 21-Jul-17 24-Dec-17 19-Jan-17 N/A 12-Feb-17 24-Feb-18 401 20-May-18 

Post 201802015 7-Aug-17 31-Dec-17 14-Feb-18 N/A 4-May-18 25-May-
18 

100 20-Jan-18 

Post 201812335 22-Aug-17 12-Jan-18 8-Apr-18 18-May-18 7-Apr-18 13-Nov-18 219 20-Feb-18 

Post 201828003 13-Sep-17 24-Feb-18 25-Feb-18 1-Mar-18 1-Mar-18 8-Mar-08 -3641 20-Mar-18 

Post 201876630 9-Nov-17 10-Jul-18 30-Aug-18 N/A 3-Dec-18 11-Dec-18 103 20-Oct-18 

Post 201877747 10-Nov-17 27-Jan-18 15-Feb-18 14-Apr-18 10-Apr-18 14-Jun-18 119 20-Apr-18 

Post 201997211 17-May-18 9-Nov-18 14-Nov-18 14-Nov-18 14-Nov-18 14-Nov-18 -36525 20-Mar-19 
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APPENDIX 5:  Dummy coding for control variables  
 

Table 1: Dummy coding for medicine control variable     

Categories of Original 
Variable 

Dummy Variable Coding 
X1X2X3 

 
Description of Dummy Variable 

M1 M2 M3 
Med2 1 0 0 1  = Med2, 0 = otherwise 

Med3 0 1 0 1  = Med3, 0 = otherwise 
Med4 0 0 1 1  = Med4, 0 = otherwise 

Med1 0 0 0  
 

 

Table 2: Dummy coding for region control variable  

 
Categories of Original 

Variable 

Dummy Variable Coding 
X1X2X3 X4 X5 

 

 
Description of Dummy Variable 

R1 R2 R3 R4 R5 
AMRO 1 0 0 0 0 1  = Region1, 0 = otherwise 

EMRO 0 1 0 0 0 1  = Region2, 0 = otherwise 
EURO 0 0 1 0 0 1  = Region3, 0 = otherwise 

SEARO 0 0 0 1 0 1  = Region4, 0 = otherwise 
WPRO 0 0 0 0 1 1  = Region5, 0 = otherwise 
AFRO 0 0 0 0 0  

 

 

Table 3: Dummy coding for disease control variable  

 
Categories of Original 

Variable 

Dummy Variable Coding 
X1X2 

 

 
Description of Dummy Variable 

D1 D2 
Disease1 1 0 1  = Disease1, 0 = otherwise 

Disease2 0 1 1  = Disease2, 0 = otherwise 
Disease0 0 0  

 



176 
 

Table 4: Dummy coding for order size control variable  

Categories of Original 
Variable 

Dummy Variable Coding 
X1X2X3 

 
Description of Dummy Variable 

T1 T2 
10m > X ≥ 3m 1 0 1  = order size 10m > X ≥ 3m 

0 = otherwise 
X < 3m 0 1 1  = order size X <3m 

0 = otherwise 
X ≥ 10m 0 0  

 

Table 5: Dummy coding for shipment mode control variable  

Categories of Original 
Variable 

Dummy Variable Coding 
X1X2 

 

Description of Dummy Variable 

S1 S2 
Sea 1 0 1  = sea, 0 = otherwise 

Land  0 1 1  = land, 0 = otherwise 
Air  0 0  
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APPENDIX 6:  SPSS normality plot screenshots  
 

1) PO timeliness normality plot:  

 
2) Go signal timeliness normality plot:  

 
3) Shipment timeliness normality plot:  
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4) Arrival timeliness  normality plot:  

 
5) Customs clearance timeliness normality plot:  

 
6) Delivery timeliness normality plot:  
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7) Proof of delivery timeliness normality plot:   
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APPENDIX 7:  Coefficient sign interpretation for each dependent variable 
 

Dependent Variable Interpretation of the coefficient sign  

Purchase order  timeliness • Positive – indicates PO is provided earlier 
than the standard benchmark and 
therefore signifies improved performance  

• Negative - indicates PO is provided later 
than the standard benchmark and 
therefore signifies lower performance 

Go signal timeliness  • Positive – indicates the difference 
between go signal request date and go 
signal approved date has increased and 
therefore signifies lower performance  

• Negative - indicates the difference 
between go signal request date and go 
signal approved date has decreased and 
therefore signifies improved performance 

Shipment timeliness  • Positive – indicates medicine is shipped 
earlier than the standard benchmark and 
therefore signifies improved performance  

• Negative - indicates medicine is shipped 
later than the standard benchmark and 
therefore signifies lower performance 

Arrival timeliness  • Positive – indicates the difference 
between actual arrival date and planned 
PC has increased, meaning the shipment 
arrived earlier compared to previous 
performance, and therefore signifies 
improved performance  

• Negative - indicates the difference 
between actual arrival date and planned 
PC has decreased, meaning the shipment 
arrived later compared to previous 
performance, and therefore signifies lower 
performance  
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Dependent Variable Interpretation of the coefficient sign  
Customs clearance timeliness  • Positive – indicates the difference 

between arrival date and actual customs 
clearance has increased, meaning the 
shipment has taken longer to clear 
customs compared to previous 
performance, and therefore signifies lower 
performance  

• Negative - indicates the difference 
between arrival date and actual customs 
clearance has decreased, meaning the 
shipment has taken less time to clear 
customs compared to previous 
performance, and therefore signifies 
improved performance 

Delivery timeliness  • Positive – indicates medicine is delivered 
earlier than the standard benchmark and 
therefore signifies improved performance  

• Negative - indicates medicine is delivered 
later than the standard benchmark and 
therefore signifies lower performance 

Proof of delivery timeliness  • Positive – indicates the difference 
between delivery date and provision of 
proof of delivery has increased, meaning 
the documentation has taken longer to 
provide compared to previous 
performance, and therefore signifies lower 
performance  

• Negative – indicates the difference 
between delivery date and provision of 
proof of delivery has decreased, meaning 
the documentation has taken less time to 
provide compared to previous 
performance, and therefore signifies 
improved performance  
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APPENDIX 8:  Outlier information: stem-and-leaf plots, boxplots and summary 

of outliers removed  
 

Figures for  identifying outliers across all data together:  

Figure 1: PO timeliness stem-and-leaf plot and boxplot 

PO timeliness Stem-and-Leaf Plot:  

 

 Frequency    Stem &  Leaf 

 

    22.00 Extremes    (=<-4.6) 

     5.00       -4 .  22& 

     7.00       -3 .  9&& 

     9.00       -2 .  38&& 

    21.00       -1 .  222222679& 

    16.00       -0 .  03334&& 

    25.00        0 .  112377889& 

    36.00        1 .  00124444456778899 

    74.00        2 .  0011122222333444456777778888889999 

    90.00        3 .  0000011122333344445555566677777788888888889 

    99.00        4 .  000001222333334444455555555556666677777778888999 

   135.00        5 .  00000000001111122222233333444444445555555666666666777777888888999 

   109.00        6 .  0000001111222222222233334444555666667777777778889999 

    74.00        7 .  0011223333344455556666666777888899 

    76.00        8 .  0001111222223333333334555566677788889 

    66.00        9 .  0111112223344455666666666778889 

    53.00       10 .  00112222255556666788899& 

    54.00       11 .  0011222222233344567788899 

    22.00       12 .  112234456& 

    33.00       13 .  0000012367999& 

     7.00       14 .  677 

    15.00       15 .  11116&& 

    10.00       16 .  006& 

     1.00       17 .  & 

    11.00 Extremes    (>=17.4) 

 

 Stem width:  1.000000 

 Each leaf:        2 case(s) 

 

 & denotes fractional leaves. 

 

Boxplot:  
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Figure 2: Go signal timeliness stem-and-leaf plot and boxplot 

 

Go Signal Timeliness Stem-and-Leaf Plot: 

 

 Frequency    Stem &  Leaf 

 

    10.00 Extremes    (=<-56) 

     1.00       -2 .  & 

      .00       -2 . 

      .00       -1 . 

     1.00       -1 .  & 

     1.00       -0 .  & 

     7.00       -0 .  111& 

   103.00        0 .  00000000000000000000000000000000000000000011111244& 

    25.00        0 .  566667778899 

    15.00        1 .  0123344 

     9.00        1 .  5567& 

    10.00        2 .  0124& 

    11.00        2 .  7899& 

     9.00        3 .  233& 

     8.00        3 .  56& 

     7.00        4 .  02& 

     4.00        4 .  9& 

     7.00        5 .  23& 

     2.00        5 .  & 

     5.00        6 .  1& 

     3.00        6 .  6& 

    11.00 Extremes    (>=68) 

 

 Stem width:        10 

 Each leaf:        2 case(s) 

 

 

 

 & denotes fractional leaves. 

 

Boxplot:  
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Figure 3: Shipment timeliness stem-and-leaf plot and boxplot 

 

Shipment Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    20.00 Extremes    (=<-7.0) 

     3.00       -6 .  147 

     6.00       -5 .  002579 

    20.00       -4 .  01133445566666788899 

    16.00       -3 .  0244445566777899 

    20.00       -2 .  00144445555566777999 

    45.00       -1 .  000000111122223333333344555666666777777788899 

    66.00       -0 .  000000011111112222222222222333333444444445555555566677777777788899 

    84.00        0 .  

000000011112222222333333333333333333444444444555555555666666777778888888999999999999 

    87.00        1 .  

000000000000111111111122222233333333444444444555566666666666667777777778888889999999999 

    63.00        2 .  000011111122222223333444444444555555555566667777777778889999999 

    62.00        3 .  00000001111112222333333334455555556666666777777778889999999999 

    37.00        4 .  0000122222333444445555557777777788899 

    31.00        5 .  0111122222333334446667777778889 

    22.00        6 .  0000112223334445778889 

    13.00        7 .  0113333477799 

    14.00        8 .  01122456788889 

     8.00        9 .  03666777 

    19.00 Extremes    (>=10.2) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 4: Arrival timeliness stem-and-leaf plot and boxplot 

 

Arrival Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    29.00 Extremes    (=<-7.6) 

     6.00       -7 .  01& 

     7.00       -6 .  2&& 

    19.00       -5 .  0334567& 

    31.00       -4 .  0011245566789& 

    12.00       -3 .  0889& 

    42.00       -2 .  1122223356667788999& 

    63.00       -1 .  01112233344445555556666778889 

    97.00       -0 .  0011111111112222333344444555556677777788888999 

   118.00        0 .  0000001111122223333333334444455555566666777788888999999 

   104.00        1 .  0000011112222222223334444555555556666677778889999 

    70.00        2 .  00000011112222333444455566688899& 

    56.00        3 .  00122444556667777888999999& 

    30.00        4 .  0123444667899& 

    30.00        5 .  0112344566789 

    17.00        6 .  0134689& 

    22.00        7 .  01245778& 

     6.00        8 .  0&& 

     3.00        9 .  1 

    31.00 Extremes    (>=9.2) 

 

 Stem width:       1.0 

 Each leaf:        2 case(s) 

 

 

 

 & denotes fractional leaves. 

 

Boxplot:  
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Figure 5: Customs clearance timeliness stem-and-leaf plot and boxplot 

Customs Clearance Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     1.00 Extremes    (=<-346) 

     2.00       -1 .  01 

     1.00       -0 .  9 

     5.00       -0 .  11224 

    71.00        0 .  00000000000000000000000011111111111222222223333333333334444444444444444 

    40.00        0 .  5555555555666666667778888888899999999999 

    37.00        1 .  0000000111111111222222223333334444444 

    25.00        1 .  5555666666666666777789999 

    17.00        2 .  01111111122234444 

    20.00        2 .  55555555666778899999 

    27.00        3 .  000000000000111111122222444 

    14.00        3 .  55556677888999 

     7.00        4 .  0001223 

     2.00        4 .  89 

     8.00        5 .  01112333 

     4.00        5 .  8889 

     7.00        6 .  0111134 

     2.00        6 .  69 

    11.00 Extremes    (>=71) 

 

 Stem width:        10 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 6: Delivery timeliness stem-and-leaf plot and boxplot 

Delivery Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    27.00 Extremes    (=<-8.7) 

     5.00       -8 .  00122 

     5.00       -7 .  01345 

    15.00       -6 .  111233334567789 

    17.00       -5 .  00002334444677789 

    21.00       -4 .  000233344556677778899 

    34.00       -3 .  0001112222333333445555556666677789 

    50.00       -2 .  00000000000001111122233344444444566668888888999999 

    70.00       -1 .  0000001111111112222222233333333444444555555555566666666777777888888889 

    77.00       -0 .  

00000001111111112222222233444444444444555555556666666667777788888888899999999 

    80.00        0 .  

00000000001111111111111222222223333333444444444455555555556666677777888888888999 

    67.00        1 .  0000011111111111222222223333333344444445555556666777778888888999999 

    45.00        2 .  000001111222222333444445567777778888888999999 

    30.00        3 .  000012233334445566677888899999 

    27.00        4 .  001122223333344467777889999 

    23.00        5 .  00001112233345666688889 

     9.00        6 .  012333444 

    15.00        7 .  001355566778889 

     6.00        8 .  023666 

    16.00 Extremes    (>=9.0) 

 

 Stem width:       1.0 

 Each leaf:        1 case(s) 

 

Boxplot: 
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Figure 7: Proof of delivery timeliness stem-and-leaf plot and boxplot 

Proof of Delivery Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     7.00 Extremes    (=<-44) 

     2.00       -3 .  56 

      .00       -3 . 

      .00       -2 . 

      .00       -2 . 

      .00       -1 . 

      .00       -1 . 

     1.00       -0 .  7 

     5.00       -0 .  11444 

    50.00        0 .  00000000000000000011112222222333333333334444444444 

    46.00        0 .  5555555555556666777777777888888888888899999999 

    36.00        1 .  000000011111111222222223333333344444 

    45.00        1 .  555555555556666666667777778888888889999999999 

    38.00        2 .  00000011111111112222222333334444444444 

    32.00        2 .  55555556666677778888888999999999 

    39.00        3 .  000000000000011111111111122223333333444 

    16.00        3 .  5555556666778889 

    18.00        4 .  000112223334444444 

    11.00        4 .  56667888999 

    18.00        5 .  000001112223333334 

     7.00        5 .  6667799 

     5.00        6 .  00113 

    12.00        6 .  666777778899 

    11.00        7 .  01111122333 

     4.00        7 .  5677 

     5.00        8 .  02224 

     6.00        8 .  599999 

     4.00        9 .  1134 

     1.00        9 .  5 

    28.00 Extremes    (>=100) 

 

 Stem width:        10 

 Each leaf:        1 case(s) 

 

Boxplot:  

 
 

 
 

 



189 
 

 

Figures for  identifying outliers separately by “pre” and “post” groups:  

“Pre” group SPSS output:  

Figure 8: PO timeliness stem-and-leaf plot and boxplot 

PO Timeliness  (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    19.00 Extremes    (=<-10.6) 

     2.00      -10 .  12 

     4.00       -9 .  1247 

     5.00       -8 .  37888 

    18.00       -7 .  222222222222577999 

    15.00       -6 .  000133333344567 

    15.00       -5 .  001111222335679 

    28.00       -4 .  0001111123344555555555677889 

    52.00       -3 .  0000000011111111111111122222233445555566666666778999 

    63.00       -2 .  000111111122222222222233333333334444555555566666666677788899999 

    86.00       -1 .  

00000000001111111112222233333334444444444444444555555555555555555666677777777899999999 

    80.00       -0 .  

11111111111111122222333333333444444444444444455555666667777777888888888888999999 

    51.00        0 .  000000111122222222333334455566666666777777788999999 

    29.00        1 .  01112233333355556666788889999 

    56.00        2 .  00111111112222222233333333333333333345555556666777788888 

    32.00        3 .  00123444445555566666666666666889 

    34.00        4 .  0001112222222225555666666677788999 

    33.00        5 .  000122222222222233333344477799999 

    10.00        6 .  1222234556 

    21.00        7 .  000011222366778999999 

     5.00        8 .  66777 

     4.00        9 .  0359 

     8.00       10 .  00000123 

    10.00 Extremes    (>=10.6) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 9: Go signal timeliness stem-and-leaf plot and boxplot 

Go Signal Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    13.00 Extremes    (=<-2.00) 

     4.00      -10 .  0000 

      .00       -9 . 

      .00       -8 . 

      .00       -7 . 

      .00       -6 . 

      .00       -5 . 

      .00       -4 . 

      .00       -3 . 

      .00       -2 . 

      .00       -1 . 

      .00       -0 . 

    70.00        0 .  0000000000000000000000000000000000000000000000000000000000000000000000 

      .00        1 . 

      .00        2 . 

      .00        3 . 

      .00        4 . 

      .00        5 . 

      .00        6 . 

      .00        7 . 

      .00        8 . 

      .00        9 . 

     2.00       10 .  00 

    28.00 Extremes    (>=4.00) 

 

 Stem width:     0 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 10: Shipment timeliness stem-and-leaf plot and boxplot 

Shipment Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    11.00 Extremes    (=<-9.0) 

     4.00       -7 .  5566 

     4.00       -7 .  0133 

     5.00       -6 .  56777 

     1.00       -6 .  4 

     7.00       -5 .  5567799 

     3.00       -5 .  044 

     9.00       -4 .  556777889 

     7.00       -4 .  0002233 

    15.00       -3 .  555555777777889 

    29.00       -3 .  00000011122222222222334444444 

    35.00       -2 .  55555566666666666777777888888899999 

    27.00       -2 .  000000000011122333334444444 

    25.00       -1 .  5555566666777778889999999 

    23.00       -1 .  00011111333333333444444 

    19.00       -0 .  5555556666667888899 

    17.00       -0 .  00112223333444444 

    15.00        0 .  000001111112333 

    17.00        0 .  55566777777899999 

    10.00        1 .  0122223444 

    12.00        1 .  555777778889 

     7.00        2 .  1112344 

     6.00        2 .  667778 

     4.00        3 .  0024 

     3.00        3 .  788 

     3.00        4 .  013 

     3.00        4 .  779 

     2.00        5 .  12 

    16.00 Extremes    (>=5.8) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 11: Arrival timeliness stem-and-leaf plot and boxplot 

Arrival Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    28.00 Extremes    (=<-7.6) 

     2.00       -7 .  12 

     7.00       -6 .  0024669 

    20.00       -5 .  00111122445566678889 

    10.00       -4 .  0047888899 

    22.00       -3 .  1222233556677778889999 

    39.00       -2 .  011112223333444555555555566666667777889 

    78.00       -1 .  

000000011111111111111111222233333333344444444555555556666777777777888888889999 

    85.00       -0 .  

0000011111111111222223333333444444555555555566666666777777777777778888888899999999999 

    66.00        0 .  000000000011111222222222222233344445555555566666667777888889999999 

    49.00        1 .  0000000000011111222233333344444445555666788888999 

    43.00        2 .  0000011222344445555666777777788888899999999 

    15.00        3 .  012344445667899 

    16.00        4 .  1111233445666789 

    13.00        5 .  0012334467899 

    11.00        6 .  00122246779 

     1.00        7 .  0 

    25.00 Extremes    (>=7.6) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

Boxplot:  
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Figure 12: Customs clearance timeliness stem-and-leaf plot and boxplot 

Customs Clearance Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     1.00 Extremes    (=<-346) 

     1.00       -0 .  9 

     2.00       -0 .  12 

    45.00        0 .  000000000000000001111112222223333333334444444 

    29.00        0 .  55555555566667778888889999999 

    29.00        1 .  00000111111122222223333344444 

    15.00        1 .  555666666777899 

     9.00        2 .  111122344 

    12.00        2 .  555555666899 

    19.00        3 .  0000000000011111122 

    10.00        3 .  5555667889 

     5.00        4 .  01223 

     2.00        4 .  89 

     4.00        5 .  1333 

     3.00        5 .  889 

     6.00        6 .  011134 

     1.00        6 .  6 

     9.00 Extremes    (>=69) 

 

 Stem width:    10 

 Each leaf:        1 case(s) 

 

Boxplot:  

 
 
Figure 13: Delivery timeliness stem-and-leaf plot and boxplot 

Delivery Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    20.00 Extremes    (=<-9.5) 

     2.00       -9 .  00 

     2.00       -8 .  18 

     5.00       -7 .  01189 

     9.00       -6 .  222556999 

     9.00       -5 .  012455788 

    21.00       -4 .  001111233333444455588 

    21.00       -3 .  001112222224666677889 

    45.00       -2 .  000001111111223333444444555566666667888889999 

    50.00       -1 .  00000122222222223333344444445556666667777888899999 

    49.00       -0 .  0001222223333334444555566667777777777788888899999 

    39.00        0 .  000000111222333333444455555566667788999 

    32.00        1 .  00000111122233344444455566667899 
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    22.00        2 .  0000111111223445556888 

    18.00        3 .  000011134455556899 

    14.00        4 .  01223344555688 

     6.00        5 .  034566 

     6.00        6 .  257889 

     2.00        7 .  25 

    10.00 Extremes    (>=7.8) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

 

 

Boxplot:  

 

 

 
 

Figure 14: Proof of delivery timeliness stem-and-leaf plot and boxplot 

Proof of Delivery Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     5.00 Extremes    (=<-44) 

     1.00       -3 .  6 

      .00       -3 . 

      .00       -2 . 

      .00       -2 . 

      .00       -1 . 

      .00       -1 . 

      .00       -0 . 

     5.00       -0 .  11444 

    32.00        0 .  00000000000000011112223333344444 

    24.00        0 .  555555566677788888999999 

    15.00        1 .  000011122333444 

    28.00        1 .  5555555566666677788888999999 

    24.00        2 .  000111111112222233334444 

    17.00        2 .  55555666677899999 

    22.00        3 .  0000000000111111113334 

     7.00        3 .  5555668 

     8.00        4 .  01334444 

     6.00        4 .  566899 

     6.00        5 .  013334 

     5.00        5 .  66799 

     3.00        6 .  001 

     7.00        6 .  6677789 
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     6.00        7 .  111223 

     3.00        7 .  577 

     3.00        8 .  024 

     5.00        8 .  59999 

     1.00        9 .  3 

    13.00 Extremes    (>=102) 

 

 Stem width:    10 

 Each leaf:        1 case(s) 

 

 

 

 

Boxplot:  

 

 
 

“Post” group SPSS output:  

Figure 15: PO timeliness stem-and-leaf plot and boxplot 

PO Timeliness  (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

    12.00 Extremes    (=<-8.3) 

     1.00       -8 .  0 

     3.00       -7 .  666 

     1.00       -6 .  8 

    11.00       -5 .  02668888888 

     8.00       -4 .  03335899 

    27.00       -3 .  001222224556788888888888899 

    23.00       -2 .  01122222233555666778889 

    25.00       -1 .  0000000022223335666666899 

    41.00       -0 .  00122223333333445555555555556666666667788 

    58.00        0 .  0000001111222222222222233334444445555667777777777788888999 

    45.00        1 .  000011223333344444445555566666666667777788888 

    20.00        2 .  00002244555667788899 

    34.00        3 .  0111111111122222333466667777788889 

    19.00        4 .  0012235555668888899 

    21.00        5 .  001112245566778888888 

    12.00        6 .  011134444567 

    12.00        7 .  000000033579 

     2.00        8 .  77 
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    11.00        9 .  11111111166 

     4.00 Extremes    (>=11.4) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

 

 

 

 

Boxplot:  

 
 

Figure 16: Go signal timeliness stem-and-leaf plot and boxplot 

Go Signal Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     1.00 Extremes    (=<-365) 

     2.00       -0 .  11 

    28.00        0 .  0000000000000001111111122344 

    19.00        0 .  5566666777777888999 

    13.00        1 .  0012223333444 

     7.00        1 .  5556678 

     8.00        2 .  00123444 

    10.00        2 .  5677789999 

     5.00        3 .  12233 

     5.00        3 .  55578 

     5.00        4 .  00224 

     3.00        4 .  789 

     7.00        5 .  0222334 

     2.00        5 .  69 

     4.00        6 .  0112 

     3.00        6 .  568 

      .00        7 . 

     1.00        7 .  5 

     4.00        8 .  0124 

     1.00        8 .  7 

     4.00 Extremes    (>=97) 

 

 Stem width:    10 

 Each leaf:        1 case(s) 

 

 

 

Boxplot:  
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Figure 17: Shipment timeliness stem-and-leaf plot and boxplot 

Shipment Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     5.00 Extremes    (=<-12) 

     1.00       -1 .  2 

     5.00       -1 .  00111 

     7.00       -0 .  8888899 

    22.00       -0 .  6666666666777777777777 

    39.00       -0 .  444444444444444444444444444445555555555 

    48.00       -0 .  222222222222222222222222233333333333333333333333 

    62.00       -0 .  00000000000000000000000001111111111111111111111111111111111111 

    45.00        0 .  000000000000000000000000000000111111111111111 

    33.00        0 .  222222222222222222333333333333333 

    15.00        0 .  444444455555555 

     6.00        0 .  666677 

     7.00        0 .  8888888 

     2.00 Extremes    (>=10) 

 

 Stem width:  10.00000 

 Each leaf:        1 case(s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Boxplot:  
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Figure 18: Arrival timeliness stem-and-leaf plot and boxplot 

Arrival Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     4.00 Extremes    (=<-10.7) 

     2.00       -9 .  12 

     2.00       -8 .  13 

     4.00       -7 .  0245 

    12.00       -6 .  033333455777 

    11.00       -5 .  00023556679 

     2.00       -4 .  19 

    20.00       -3 .  11122223334566668999 

    24.00       -2 .  001122334444445567888899 

    22.00       -1 .  0111222244455777788899 

    30.00       -0 .  000112223333444555555666788889 

    38.00        0 .  01111222223334444455555555666777778899 

    21.00        1 .  001112222345556668899 

    13.00        2 .  1244566679999 

    15.00        3 .  012344466778899 

    14.00        4 .  00023445567789 

     4.00        5 .  1668 

    11.00        6 .  01345577888 

     4.00        7 .  0289 

     3.00        8 .  127 

     2.00        9 .  48 

     1.00       10 .  1 

     4.00 Extremes    (>=10.5) 

 

 Stem width:  1.000000 

 Each leaf:        1 case(s) 

 

 

 

 

 

 

 

 

 

 

 

Boxplot:  
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Figure 19: Customs clearance timeliness stem-and-leaf plot and boxplot 

Customs Clearance Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     2.00       -1 .  01 

      .00       -0 . 

     3.00       -0 .  124 

    26.00        0 .  00000001111122333444444444 

    11.00        0 .  56666889999 

     8.00        1 .  00112344 

    10.00        1 .  5666666799 

     8.00        2 .  01111244 

     8.00        2 .  55778999 

     8.00        3 .  01222444 

     4.00        3 .  7899 

     2.00        4 .  00 

      .00        4 . 

     4.00        5 .  0112 

     1.00        5 .  8 

     1.00        6 .  1 

     3.00 Extremes    (>=88) 

 

 Stem width:   10 

 Each leaf:        1 case(s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Boxplot:  
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Figure 20: Delivery timeliness stem-and-leaf plot and boxplot 

Delivery Timeliness (in months) Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     3.00 Extremes    (=<-11) 

     2.00       -1 .  00 

     6.00       -0 .  888899 

    16.00       -0 .  6666666777777777 

    23.00       -0 .  44444444445555555555555 

    45.00       -0 .  222222222222222222222222222233333333333333333 

    61.00       -0 .  0000000000000000000000000000000000011111111111111111111111111 

    40.00        0 .  0000000000000000000000000001111111111111 

    24.00        0 .  222222222222333333333333 

    18.00        0 .  444444444455555555 

    12.00        0 .  666667777777 

     4.00        0 .  8899 

     3.00 Extremes    (>=10) 

 

 Stem width:  10.00000 

 Each leaf:        1 case(s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Boxplot:  
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Figure 21: Proof of delivery timeliness stem-and-leaf plot and boxplot 

Proof of Delivery Timeliness Stem-and-Leaf Plot 

 

 Frequency    Stem &  Leaf 

 

     2.00 Extremes    (=<-3641) 

     1.00       -3 .  5 

      .00       -2 . 

      .00       -1 . 

     1.00       -0 .  7 

    40.00        0 .  0002222333333444445555567777778888888899 

    38.00        1 .  00011111222222333334455566677788889999 

    29.00        2 .  00011223444444556778888889999 

    26.00        3 .  00011112222333344556677889 

    15.00        4 .  001222344467889 

    14.00        5 .  00001122233367 

     7.00        6 .  1367789 

     6.00        7 .  011336 

     3.00        8 .  229 

     4.00        9 .  1145 

     2.00       10 .  03 

    13.00 Extremes    (>=110) 

 

 Stem width:      10 

 Each leaf:        1 case(s) 
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Boxplot:  

 

 
 

 
 

 

 

Summary of total outliers identified per dependent variable 

Dependent Variable  Total Data  Pr e or 
Post Set  

Total Outliers 
Removed  

PO timeliness  680 Pre 29  
390 Post 16 

Go signal timeliness 115 Pre 41 
131 Post  5 

Shipment timeliness  339 Pre 27 
296 Post 8 

Arrival timeliness  529 Pre 53 
263 Post  8 

Customs clearance timeliness  200 Pre 10 
96 Post 3 

Delivery timeliness  382 Pre 30  
257 Post  4 

Proof of delivery timeliness  246 Pre 18 
199 Post 15 
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APPENDIX 9:  Correlation matrix for regression analysis data 
 
 

 

PO Timeliness 
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs 
Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 
Timeliness 
(in days) 

PO 
Timeliness 
(in months) 

Pearson 
Correlation 

1 .205** .659** .704** -.142* .675** -.124* 

Sig. (2-tailed)  .003 .000 .000 .039 .000 .019 

N 1070 212 635 792 212 639 353 

Go Signal 
Timeliness 
(in days) 

Pearson 
Correlation 

.205** 1 .126 .131 -.013 .142 .013 

Sig. (2-tailed) .003  .073 .067 .895 .056 .869 

N 212 246 202 196 103 183 173 

Shipment 
Timeliness 
(in months) 

Pearson 
Correlation 

.659** .126 1 .963** -.124 .927** -.143** 

Sig. (2-tailed) .000 .073  .000 .074 .000 .008 

N 635 202 635 571 209 543 343 

Arrival 
Timeliness 
(in months) 

Pearson 
Correlation 

.704** .131 .963** 1 -.172* .939** -.039 

Sig. (2-tailed) .000 .067 .000  .012 .000 .467 

N 792 196 571 792 211 574 352 

Customs 
Clearance 

Timeliness 
(in days) 

Pearson 
Correlation 

-.142* -.013 -.124 -.172* 1 -.203** .646** 

Sig. (2-tailed) .039 .895 .074 .012  .003 .000 

N 212 103 209 211 296 210 275 

Delivery 
Timeliness 
(in months) 

Pearson 
Correlation 

.675** .142 .927** .939** -.203** 1 -.176** 

Sig. (2-tailed) .000 .056 .000 .000 .003  .001 

N 639 183 543 574 210 639 345 

Proof of 
Delivery 
Timeliness 
(in days) 

Pearson 
Correlation 

-.124* .013 -.143** -.039 .646** -.176** 1 

Sig. (2-tailed) .019 .869 .008 .467 .000 .001  
N 353 173 343 352 275 345 445 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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APPENDIX 10:  Descriptive analysis by region, medicine, disease 

 

Table 1: Descriptive analysis by WHO region, data errors removed    

 

Pre vs Post 
SCPMS - 
Coded Region 

PO 
Timeliness  
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs 
Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 
Timeliness 
(in days) 

0 

(“Pre” 
SCPMS) 

AFRO Mean -.58 -9.76 -2.27 .06 24.40 -1.98 36.47 

N 313 50 181 263 98 186                  120  120 

Std. Deviation 4.45 52.36 3.36 3.60 51.90 3.48 77.25 

Minimum -14.67 -241 -14.70 -11.97 -346 -16.87 -416 

Maximum 22.43 43 16.90 14.23 206 8.27 494 

Median -1.13 .00 -2.50 .03 17.50 -1.78 30 

Variance 19.85 2741.37 11.32 12.95 2693.71 12.14 5967.04 

AMRO Mean -.03 -8.91 -.48 1.17 16.18 .08 6.29 

N 46 23 24 35 17 24 21 

Std. Deviation 2.99 36.08 2.22 2.86 14.89 3.10 84.08 

Minimum -9.27 -139 -6.77 -5.23 0 -10.67 -342 

Maximum 4.67 36 3.07 7.20 53 5.33 75 

Median .30 .00 -.72 1.23 11 .47 18.00 

Variance 8.96 1301.99 4.93 8.17 221.78 9.63 7070.21 

EMRO Mean .66 17.70 -1.03 .57 22.33 -2.12 29.63 

N 27 10 17 21 18 20 19 

Std. Deviation 5.55 25.46 3.31 4.80 18 5.03 19.94 

Minimum -10.67 -1 -4.33 -10.93 0 -13.17 0 

Maximum 10.33 66 9.93 12.50 64 10.93 71 

Median -.40 .50 -1.90 .43 18 -2.32 25.00 

Variance 30.83 648.01 10.96 23.03 324.12 25.35 397.58 

EURO Mean -.58 .90 -2.51 .43 18.33 2.71 25 

N 10 10 9 9 9 5 11 

Std. Deviation 5.49 42.85 5.45 5.41 20.99 3.43 32.43 

Minimum -9.10 -106 -11.03 -8.03 0 -1.20 0 

Maximum 7.60 61 4.73 7.63 61 6.50 109 

Median 1.15 .00 -3.03 -.07 10 3.30 16 

Variance 30.10 1836.32 29.74 29.32 440.75 11.78 1051.40 

SEARO Mean .00 -2.14 -.15 1.60 23.95 -1.30 24.33 

N 171 7 52 103 22 72 27 

Std. Deviation 5.47 26.64 4.74 5.22 24.80 5.86 42.42 

Minimum -14.83 -56 -11.47 -12.53 0 -13.93 -119 

Maximum 13.43 33 10.80 13.30 89 10.90 140 

Median .33 .00 -.38 2.00 12.50 -.55 18.00 

Variance 29.97 709.48 22.42 27.20 614.90 34.32 1799.77 

WPRO Mean .68 9.27 .07 2.00 9.17 .67 22.78 

N 113 15 56 99 35 75 46 

Std. Deviation 4.66 13.68 3.84 4.26 10.77 3.92 53.15 

Minimum -13.03 0 -7.57 -10.77 -2 -11.80 -44 

Maximum 13.80 36 10.93 13.60 48 12.53 348 

Median -.13 .00 -.70 1.53 5 .17 11.00 

Variance 21.73 187.07 14.72 18.12 115.97 15.40 2824.62 

Total Mean -.14 -3.33 -1.38 .82 20.59 -1.15 28.89 

 N 680 115 339 530 200 382 246 

Std. Deviation 4.76 42.09 3.80 4.19 38.67 4.31 65.92 

Minimum -14.83 -241 -14.70 -12.53 -346 -16.87 -416 

Maximum 22.43 66 16.90 14.23 206 12.53 494 

Median -.53 .00 -1.77 .63 13.00 -1.07 22.00 

Variance 22.62 1771.77 14.47 17.53 1495.64 18.59 4345.76 

1 
(“Post” 

SCPMS) 

         

AFRO Mean .48 26.34 -1.80 .39 19.41 -1.47 33.85 

N 191 79 149 141 51 141 119 

Std. Deviation 3.54 27.31 3.73 3.50 21.54 3.90 34.51 

Minimum -8.67 0 -12.00 -9.90 -2 -11.83 -7 

Maximum 9.17 143 8.70 11.10 104 9.67 193 

Median .40 18.00 -1.93 .50 13 -1.53 23.00 

Variance 12.52 745.61 13.91 12.27 463.97 15.19 1190.86 

AMRO Mean 3.48 43.08 .99 2.23 13.67 .78 31.77 

N 23 13 18 14 6 14 13 

Std. Deviation 3.55 84.89 4.80 4.51 19.68 4.61 33.50 
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Minimum -2.73 0 -8.07 -5.70 0 -6.97 0 

Maximum 9.63 313 8.40 8.97 39 7.97 116 

Median 4.03 13.00 1.88 3.35 2 2.50 22.00 

Variance 12.61 7206.24 23.07 20.35 387.47 21.29 1122.03 

EMRO Mean 1.49 17.93 -1.28 .74 27 -.50 33.80 

N 22 14 16 12 10 14 15 

Std. Deviation 3.20 17.42 3.69 3.38 18.92 3.34 25.16 

Minimum -4.57 -1 -9.10 -5.33 1 -6.37 3 

Maximum 7.30 53 3.20 5.43 61 4.87 94 

Median 1.60 16.50 -.30 .75 26 -.25 30.00 

Variance 10.23 303.61 13.62 11.43 358 11.14 633.03 

EURO Mean .97 13.50 -1.62 1.12 29 -.20 19.75 

N 4 4 3 3 2 3 4 

Std. Deviation 1.81 16.78 2.06 2.12 11.314 1.79 21.98 

Minimum -.60 -1 -3.47 -.73 21 -1.87 3 

Maximum 3.20 33 .60 3.43 37 1.70 50 

Median .65 11.00 -2.00 .67 29 -.43 13 

Variance 3.28 281.67 4.24 4.50 128 3.22 482.92 

SEARO Mean .07 34.07 -1.84 1.14 20.65 -.79 64.78 

N 113 15 85 71 23 67 37 

Std. Deviation 5.18 40.76 5.21 5.60 20.86 5.46 76.95 

Minimum -15.57 0 -16.33 -12.13 0 -15.47 -35 

Maximum 9.17 153 8.80 16.20 96 14.40 401 

Median .20 16.00 -1.07 1.40 16 -.93 42 

Variance 26.79 1661.07 27.12 31.39 435.33 29.82 5921.84 

WPRO Mean 2.97 39.33 1.34 3.49 3.50 1.44 17.18 

N 36 6 25 22 4 17 11 

Std. Deviation 4.72 32.22 4.31 4.22 3.42 3.26 14.79 

Minimum -5.20 1 -6.87 -3.90 0 -5.53 2 

Maximum 13.87 82 11.20 12.83 8 7.60 52 

Median 2.07 35.00 -.37 1.80 3 .50 16 

Variance 22.25 1038.27 18.61 17.81 11.67 10.65 218.76 

Total Mean .82 28.19 -1.35 .97 19.68 -.91 38.26 

N 390 131 296 263 96 257 199 

Std. Deviation 4.27 37.69 4.40 4.33 20.54 4.37 45.79 

Minimum -15.57 -1 -16.33 -12.13 -2 -15.47 -35 

Maximum 13.87 313 11.20 16.20 104 14.40 401 

Median .72 16.00 -1.32 .97 15.50 -.93 28.00 

Variance 18.26 1420.17 19.39 18.71 422.07 19.05 2096.57 

 

Table 2: Descriptive analysis by medicine, data errors removed    

 

Pre vs Post 
SCPMS - 

Coded Medicine 

PO 
Timeliness  
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness  
(in months) 

Customs 
Clearance 
Timeliness 

(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 
Timeliness 

(in days) 

0 

(“Pre” 
SCPMS) 

Med1 Mean -.84 -13.92 -2.08 .11 16.27 -1.68 41.60 

N 428 64 242 314 51 239 75 

Std. Deviation 4.53 52.42 3.62 4.15 60.15 4.40 96.06 

Minimum -14.83 -241 -14.70 -11.97 -346 -16.87 -342 

Maximum 13.43 61 10.80 13.43 179 12.40 494 

Median -.93 .00 -2.32 .18 12.00 -1.43 29.00 

Variance 20.55 2747.85 13.13 17.19 3618.36 19.36 9228.11 

Med2 Mean .94 15.00 16.90 2.35  1.83 -416.00 

N 84 1 1 73  12 1 

Std. Deviation 4.89 . . 3.96  2.53 . 

Minimum -12.63 15 16.90 -8.47  -2.60 -416 

Maximum 10.03 15 16.90 10.50  5.33 -416 

Median -.38 15.00 16.90 2.03  1.97 -416.00 

Variance 23.88 . . 15.707  6.401 . 

Med3 Mean .93 9.48 .32 2.25 22.16 .56 26.55 

N 73 40 71 70 141 71 148 

Std. Deviation 4.80 16.49 3.53 3.62 28.24 3.83 32.99 

Minimum -10.60 0 -7.30 -6.10 0 -7.37 -119 

Maximum 22.43 66 10.93 13.60 206 12.53 211 

Median -.10 .00 .10 1.98 15.00 .30 21.00 

Variance 23.01 271.95 12.43 13.09 797.45 14.65 1088.13 

Med4 Mean 1.30 11.40 -.14 .98 18.00 -1.65 19.95 
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N 94 10 25 73 7 60 21 

Std. Deviation 5.03 14.97 2.57 4.38 24.11 4.08 20.75 

Minimum -10.67 0 -4.20 -12.53 2 -13.93 0 

Maximum 17.43 36 6.77 14.23 66 8.27 89 

Median .03 2.00 .00 .27 5.00 -1.13 16.00 

Variance 25.26 224.04 6.59 19.19 581.33 16.68 430.45 

Total Mean -.14 -3.33 -1.38 .82 20.59 -1.15 28.89 

N 680 115 339 530 200 382 246 

Std. Deviation 4.76 42.09 3.80 4.19 38.67 4.31 65.92 

Minimum -14.83 -241 -14.70 -12.53 -346 -16.87 -416 

Maximum 22.43 66 16.90 14.23 206 12.53 494 

Median -.53 .00 -1.77 .63 13.00 -1.07 22.00 

Variance 22.62 1771.77 14.47 17.53 1495.64 18.59 4345.76 

1 

(“Post” 
SCPMS) 

Med1 Mean .50 32.23 -1.43 .96 19.42 -.88 43.97 

N 215 70 190 162 60 168 115 

Std. Deviation 3.83 47.57 4.14 4.26 21.29 4.38 53.59 

Minimum -12.53 -1 -14.27 -12.13 -2 -15.47 -35 

Maximum 11.43 313 11.20 16.20 104 14.40 401 

Median .20 15.00 -1.67 .75 16.00 -1.17 28.00 

Variance 14.67 2263.08 17.14 18.15 453.40 19.19 2872.38 

Med2 Mean 1.53  .87 2.89  4.97  
N 52  17 18  5  

Std. Deviation 6.42  7.43 5.88  3.84  

Minimum -15.57  -16.33 -5.53  -.13  

Maximum 11.43  10.20 11.80  9.23  

Median 1.63  1.73 3.48  4.87  
Variance 41.27  55.28 34.61  14.77  

Med3 Mean 1.39 16.05 1.11 3.04 21.39 1.22 39.56 

N 42 22 37 32 31 32 36 

Std. Deviation 3.24 15.78 3.14 3.48 20.30 3.50 30.88 

Minimum -8.93 0 -7.60 -5.73 0 -7.30 2 

Maximum 6.40 52 8.70 11.10 88 9.67 129 

Median 1.53 11.50 1.07 2.80 15.00 .63 34.00 

Variance 10.50 249.09 9.87 12.13 412.18 12.23 953.57 

Med4 Mean .93 27.79 -3.53 -.97 12.20 -2.87 23.58 

N 81 39 52 51 5 52 48 

Std. Deviation 4.13 22.27 3.66 3.52 12.32 3.75 29.22 

Minimum -8.67 0 -12.00 -9.90 1 -11.83 3 

Maximum 13.87 82 4.17 7.10 29 6.03 193 

Median .57 27.00 -2.45 -.27 8.00 -2.13 14.50 

Variance 17.08 495.96 13.40 12.38 151.70 14.05 854.04 

Total Mean .82 28.19 -1.35 .97 19.68 -.91 38.26 

N 390 131 296 263 96 257 199 

Std. Deviation 4.27 37.69 4.40 4.33 20.54 4.37 45.79 

Minimum -15.57 -1 -16.33 -12.13 -2 -15.47 -35 

Maximum 13.87 313 11.20 16.20 104 14.40 401 

Median .72 16.00 -1.32 .97 15.50 -.93 28.00 

Variance 18.26 1420.17 19.39 18.71 422.07 19.05 2096.57 
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Table 3: Descriptive analysis by disease, data errors removed    

 
 
Pre vs 
Post 
SCPMS - 

Coded Use 

PO 
Timeliness  

(in months) 

Go Signal 
Timeliness 

(in days) 

Shipment 
Timeliness 

(in months) 

Arrival 
Timeliness 

(in months) 

Customs 
Clearance 
Timeliness 

(in days) 

Delivery 
Timeliness 

(in months) 

Proof of 
Delivery 
Timeliness 

(in days) 

0 

(“Pre” 
SCPMS) 

Disease1 Mean -.20 -7.35 -1.34 1.14 18.50 -1.42 46.70 

N 327 26 120 237 28 138 37 

Std. Deviation 4.82 49.10 3.93 4.21 80.51 4.77 137.49 

Minimum -14.83 -241 -13.53 -11.67 -346 -16.87 -416 

Maximum 11.53 36 16.90 13.43 179 12.40 494 

Median -.87 .00 -2.08 .83 16.00 -1.43 54.00 

Variance 23.24 2411.28 15.42 17.71 6481.52 22.80 18903.38 

Disease2 Mean 1.30 11.40 -.14 .98 18.00 -1.65 19.95 

N 94 10 25 73 7 60 21 

Std. Deviation 5.03 14.97 2.57 4.38 24.11 4.08 20.75 

Minimum -10.67 0 -4.20 -12.53 2 -13.93 0 

Maximum 17.43 36 6.77 14.23 66 8.27 89 

Median .03 2.00 .00 .27 5.00 -1.13 16.00 

Variance 25.26 224.04 6.59 19.19 581.33 16.68 430.45 

Disease3 Mean -.56 -3.87 -1.56 .42 21.05 -.78 26.39 

N 258 79 194 220 165 184 188 

Std. Deviation 4.49 41.92 3.84 4.08 26.93 4.00 43.94 

Minimum -12.20 -241 -14.70 -11.97 -1 -13.47 -342 

Maximum 22.43 66 10.93 13.60 206 12.53 211 

Median -.43 .00 -1.43 .67 13.00 -.87 21.00 

Variance 20.17 1757.32 14.77 16.68 725.24 15.99 1930.41 

Total Mean -.14 -3.33 -1.38 .82 20.59 -1.15 28.89 

N 680 115 339 530 200 382 246 

Std. Deviation 4.76 42.09 3.80 4.19 38.674 4.31 65.92 

Minimum -14.83 -241 -14.70 -12.53 -346 -16.87 -416 

Maximum 22.43 66 16.90 14.23 206 12.53 494 

Median -.53 .00 -1.77 .63 13.00 -1.07 22.00 

Variance 22.62 1771.77 14.47 17.53 1495.64 18.59 4345.76 

1 

(“Post” 
SCPMS) 

Disease1 Mean .56 30.21 -1.35 1.09 19.25 -.93 43.71 

N 178 34 128 110 32 103 59 

Std. Deviation 4.84 35.92 4.78 4.49 22.32 4.40 42.38 

Minimum -15.57 0 -16.33 -12.13 -2 -15.47 -35 

Maximum 11.43 153 11.20 12.83 104 9.23 219 

Median .20 14.50 -1.55 1.02 10.50 -1.10 30.00 

Variance 23.39 1289.93 22.88 20.16 498.39 19.40 1796.21 

Disease2 Mean .93 27.79 -3.53 -.97 12.20 -2.87 23.58 

N 81 39 52 51 5 52 48 

Std. Deviation 4.13 22.270 3.66 3.52 12.32 3.75 29.22 

Minimum -8.67 0 -12.00 -9.90 1 -11.83 3 

Maximum 13.87 82 4.17 7.10 29 6.03 193 

Median .57 27.00 -2.45 -.27 8.00 -2.13 14.50 

Variance 17.08 495.96 13.40 12.38 151.70 14.05 854.04 

Disease3 Mean 1.12 27.28 -.36 1.82 20.54 .11 42.41 

N 131 58 116 102 59 102 92 

Std. Deviation 3.48 46.5 3.9 4.2 20.2 4.3 53.2 

Minimum -8.93 -1 -8.23 -6.40 0 -8.43 -7 

Maximum 8.73 313 8.70 16.20 96 14.40 401 

Median 1.27 14.50 .07 1.72 16.00 -.37 30.00 

Variance 12.09 2158.17 15.40 18.00 408.80 18.60 2825.50 

Total Mean .82 28.19 -1.35 .97 19.68 -.91 38.26 

N 390 131 296 263 96 257 199 

Std. Deviation 4.27 37.69 4.40 4.33 20.54 4.37 45.79 

Minimum -15.57 -1 -16.33 -12.13 -2 -15.47 -35 

Maximum 13.87 313 11.20 16.20 104 14.40 401 

Median .72 16.00 -1.32 .97 15.50 -.93 28.00 

Variance 18.26 1420.17 19.39 18.71 422.07 19.05 2096.57 
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APPENDIX 11:  Regression analysis SPSS output for main results  

 
Table 1: Linear regression results – PO timeliness 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 

95.0% Confidence Interval for 
B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) -1.666 .563 
 

-2.958 .003 -2.771 -.561 

Pre vs Post SCPMS 1.012 .288 .107 3.517 .000 .447 1.576 

R1 - Region Dummy 2.056 .597 .111 3.445 .001 .885 3.228 

R2 - Region Dummy .931 .690 .042 1.349 .178 -.424 2.285 

R3 - Region Dummy 1.671 1.241 .042 1.346 .179 -.765 4.106 

R4 - Region Dummy .989 .434 .096 2.278 .023 .137 1.841 

R5 - Region Dummy 2.277 .467 .174 4.880 .000 1.361 3.192 

M1 - Medicine Dummy .889 .465 .065 1.910 .056 -.024 1.802 

M2 - Medicine Dummy 1.363 .510 .093 2.675 .008 .363 2.364 

D1 - Disease Dummy 1.315 .456 .103 2.884 .004 .420 2.210 

D2 - Disease Dummy -.575 .384 -.061 -1.498 .134 -1.329 .178 

T1 - Tablets Dummy .210 .399 .022 .527 .598 -.572 .993 

T2 - Tablets Dummy -.118 .542 -.012 -.217 .828 -1.180 .945 

S1 - Shipment Dummy .968 .430 .106 2.250 .025 .124 1.813 

S2 - Shipment Dummy -.598 .642 -.045 -.932 .351 -1.857 .661 

a. Dependent Variable: PO Timeliness  (in months) 

 

 
Table 2: Linear regression results – go signal timeliness 

 
Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

95.0% Confidence Interval for 
B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) -41.228 19.823  -2.080 .039 -80.281 -2.176 

Pre vs Post SCPMS 40.215 9.473 .285 4.245 .000 21.552 58.878 

R1 - Region Dummy 31.881 14.162 .159 2.251 .025 3.981 59.782 

R2 - Region Dummy 12.564 15.933 .053 .789 .431 -18.827 43.954 

R3 - Region Dummy 31.065 20.544 .102 1.512 .132 -9.409 71.539 

R4 - Region Dummy 14.793 17.188 .060 .861 .390 -19.069 48.654 

R5 - Region Dummy 12.148 16.392 .049 .741 .459 -20.145 44.441 

M1 - Medicine Dummy 45.173 69.246 .041 .652 .515 -91.249 181.596 

M2 - Medicine Dummy 28.218 13.296 .174 2.122 .035 2.023 54.413 

D1 - Disease Dummy 12.006 14.108 .068 .851 .396 -15.789 39.801 

D2 - Disease Dummy -28.379 13.125 -.200 -2.162 .032 -54.237 -2.521 

T1 - Tablets Dummy 11.055 15.150 .078 .730 .466 -18.792 40.902 

T2 - Tablets Dummy 22.821 18.051 .155 1.264 .207 -12.741 58.383 

S1 - Shipment Dummy 26.610 13.236 .185 2.010 .046 .534 52.686 

a. Dependent Variable: Go Signal Timeliness 
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Table 3: Linear regression results – shipment timeliness 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 
95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) -2.794 .653  -4.280 .000 -4.075 -1.512 

Pre vs Post SCPMS .132 .326 .016 .404 .686 -.509 .772 

R1 - Region Dummy 2.190 .660 .132 3.318 .001 .894 3.486 

R2 - Region Dummy .008 .728 .000 .011 .991 -1.421 1.437 

R3 - Region Dummy .489 1.186 .016 .412 .681 -1.841 2.818 

R4 - Region Dummy .187 .496 .019 .378 .706 -.786 1.161 

R5 - Region Dummy 2.547 .520 .207 4.898 .000 1.526 3.568 

M1 - Medicine Dummy 3.440 .978 .139 3.518 .000 1.520 5.361 

M2 - Medicine Dummy 2.922 .489 .267 5.980 .000 1.962 3.882 

D1 - Disease Dummy -.188 .544 -.015 -.345 .730 -1.255 .880 

D2 - Disease Dummy -.543 .404 -.066 -1.343 .180 -1.338 .251 

T1 - Tablets Dummy .420 .444 .051 .945 .345 -.453 1.293 

T2 - Tablets Dummy .185 .649 .020 .285 .776 -1.090 1.460 

S1 - Shipment Dummy .195 .489 .024 .398 .691 -.766 1.156 

S2 - Shipment Dummy 1.917 .753 .141 2.545 .011 .438 3.396 

a. Dependent Variable: Shipment Timeliness (in months) 

 

 
Table 4: Linear regression results – arrival timeliness 

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. 

95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) -.898 .611 
 

-1.470 .142 -2.097 .301 

Pre vs Post SCPMS .534 .312 .060 1.714 .087 -.078 1.146 

R1 - Region Dummy 1.442 .637 .083 2.264 .024 .191 2.692 

R2 - Region Dummy -.275 .757 -.013 -.364 .716 -1.762 1.211 

R3 - Region Dummy .828 1.222 .024 .677 .499 -1.572 3.227 

R4 - Region Dummy .787 .456 .078 1.728 .084 -.107 1.682 

R5 - Region Dummy 1.942 .475 .167 4.088 .000 1.009 2.874 

M1 - Medicine Dummy 1.539 .512 .118 3.004 .003 .533 2.544 

M2 - Medicine Dummy 2.812 .502 .226 5.607 .000 1.828 3.797 

D1 - Disease Dummy -.329 .481 -.028 -.685 .493 -1.273 .614 

D2 - Disease Dummy -.618 .402 -.073 -1.538 .124 -1.408 .171 

T1 - Tablets Dummy .253 .426 .030 .595 .552 -.583 1.089 

T2 - Tablets Dummy -.317 .618 -.034 -.512 .609 -1.529 .896 

S1 - Shipment Dummy -.687 .463 -.082 -1.483 .139 -1.597 .223 

S2 - Shipment Dummy .797 .725 .056 1.100 .272 -.626 2.220 

a. Dependent Variable: Arrival Timeliness (in months) 
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Table 5: Linear regression results – customs clearance timeliness  
 
Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 
95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) 15.822 8.689  1.821 .070 -1.280 32.923 

Pre vs Post SCPMS -1.524 4.684 -.021 -.325 .745 -10.743 7.694 

R1 - Region Dummy -6.929 7.854 -.055 -.882 .378 -22.388 8.530 

R2 - Region Dummy -.074 7.096 -.001 -.010 .992 -14.042 13.893 

R3 - Region Dummy 2.426 11.259 .014 .215 .830 -19.734 24.586 

R4 - Region Dummy -2.998 6.095 -.032 -.492 .623 -14.994 8.999 

R5 - Region Dummy -13.985 6.255 -.139 -2.236 .026 -26.296 -1.674 

M2 - Medicine Dummy 2.749 5.681 .040 .484 .629 -8.433 13.930 

D1 - Disease Dummy -3.369 10.851 -.020 -.310 .756 -24.727 17.990 

D2 - Disease Dummy 1.193 6.725 .015 .177 .859 -12.045 14.431 

T1 - Tablets Dummy .163 5.501 .002 .030 .976 -10.664 10.990 

T2 - Tablets Dummy -1.270 8.413 -.016 -.151 .880 -17.829 15.290 

S1 - Shipment Dummy 8.502 6.100 .121 1.394 .164 -3.504 20.508 

S2 - Shipment Dummy -14.447 20.333 -.043 -.711 .478 -54.469 25.574 

a. Dependent Variable: Customs Clearance Timeliness 

 
Table 6: Linear regression results – delivery timeliness  
 

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. 

95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) -2.012 .698 
 

-2.881 .004 -3.383 -.640 

Pre vs Post SCPMS .727 .338 .083 2.150 .032 .063 1.391 

R1 - Region Dummy 1.698 .730 .094 2.326 .020 .264 3.131 

R2 - Region Dummy -.189 .763 -.010 -.247 .805 -1.687 1.310 

R3 - Region Dummy 2.960 1.502 .077 1.971 .049 .011 5.909 

R4 - Region Dummy .359 .534 .034 .673 .501 -.689 1.407 

R5 - Region Dummy 2.142 .545 .175 3.933 .000 1.072 3.211 

M1 - Medicine Dummy 3.561 1.054 .134 3.379 .001 1.491 5.631 

M2 - Medicine Dummy 2.627 .526 .225 4.991 .000 1.594 3.661 

D1 - Disease Dummy -.220 .514 -.019 -.428 .669 -1.230 .789 

D2 - Disease Dummy .036 .438 .004 .081 .935 -.825 .896 

T1 - Tablets Dummy .436 .469 .050 .930 .353 -.485 1.358 

T2 - Tablets Dummy .169 .681 .018 .249 .804 -1.168 1.507 

S1 - Shipment Dummy -.908 .510 -.105 -1.780 .076 -1.909 .094 

S2 - Shipment Dummy .723 .780 .055 .927 .354 -.808 2.254 

a. Dependent Variable: Delivery Timeliness (in months) 
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Table 7: Linear regression results – proof of delivery timeliness  
 

 
Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 
95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) 35.074 11.237  3.121 .002 12.987 57.160 

Pre vs Post SCPMS .864 5.768 .007 .150 .881 -10.473 12.202 

R1 - Region Dummy -22.045 10.084 -.101 -2.186 .029 -41.865 -2.225 

R2 - Region Dummy -1.856 9.816 -.009 -.189 .850 -21.149 17.436 

R3 - Region Dummy 2.657 14.627 .008 .182 .856 -26.093 31.408 

R4 - Region Dummy 2.660 7.920 .016 .336 .737 -12.907 18.227 

R5 - Region Dummy -10.304 8.080 -.060 -1.275 .203 -26.185 5.578 

M1 - Medicine Dummy -474.323 52.663 -.388 -9.007 .000 -577.832 -370.813 

M2 - Medicine Dummy -14.096 7.269 -.120 -1.939 .053 -28.383 .191 

D1 - Disease Dummy -20.544 8.603 -.129 -2.388 .017 -37.452 -3.635 

D2 - Disease Dummy -3.091 8.065 -.026 -.383 .702 -18.943 12.760 

T1 - Tablets Dummy 1.277 6.959 .011 .184 .854 -12.400 14.955 

T2 - Tablets Dummy -2.099 10.339 -.016 -.203 .839 -22.421 18.223 

S1 - Shipment Dummy 21.972 7.628 .188 2.881 .004 6.980 36.964 

S2 - Shipment Dummy -15.088 19.888 -.035 -.759 .448 -54.178 24.003 

a. Dependent Variable: PoD Timeliness 
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APPENDIX 12:  Moderation analysis SPSS results for confounding variables  
 

Table 1a: Moderation analysis for region – PO timeliness 

Coding of categorical W variable for analysis: 

 Reg_        W1       W2       W3       W4       W5 

    1.000     .000     .000     .000     .000     .000 

    2.000    1.000     .000     .000     .000     .000 

    3.000     .000    1.000     .000     .000     .000 

    4.000     .000     .000    1.000     .000     .000 

    5.000     .000     .000     .000    1.000     .000 

    6.000     .000     .000     .000     .000    1.000 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant     -.4461     1.0255     -.4350      .6636    -2.4585     1.5662 

PrevsPos     1.0355      .4140     2.5012      .0125      .2231     1.8479 

W1           1.4676     1.4504     1.0119      .3118    -1.3784     4.3137 

W2           1.2418      .7213     1.7216      .0854     -.1736     2.6572 

W3           1.0642      .9284     1.1463      .2519     -.7576     2.8860 

W4           1.4424      .5071     2.8446      .0045      .4474     2.4374 

W5           2.0275      .5268     3.8490      .0001      .9939     3.0612 

Int_1         .6588     2.6451      .2490      .8034    -4.5317     5.8492 

Int_2        2.4158     1.2086     1.9989      .0459      .0443     4.7873 

Int_3        -.2753     1.3558     -.2030      .8392    -2.9358     2.3853 

Int_4       -1.0964      .6823    -1.6069      .1084    -2.4352      .2425 

Int_5        1.1867      .9405     1.2618      .2073     -.6588     3.0321 

M1Medici      .8216      .4648     1.7678      .0774     -.0904     1.7336 

M2Medici     1.3593      .5088     2.6715      .0077      .3609     2.3578 

M3Medici      .7299      .6941     1.0516      .2932     -.6320     2.0918 

Dis_Num      -.5624      .3835    -1.4666      .1428    -1.3148      .1901 

T1Tablet      .1489      .3988      .3734      .7089     -.6336      .9314 

T2Tablet     -.2562      .5427     -.4722      .6369    -1.3212      .8087 

S1Shipme      .9150      .4308     2.1242      .0339      .0698     1.7603 

S2Shipme     -.7363      .6428    -1.1455      .2523    -1.9975      .5250 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 Int_4    :        PrevsPos x        W4 

 Int_5    :        PrevsPos x        W5 

   

 

Table 1b: Moderation Analysis for Region – Shipment Timeliness  
Coding of categorical W variable for analysis: 

 Reg        W1       W2       W3       W4       W5 

    1.000     .000     .000     .000     .000     .000 

    2.000    1.000     .000     .000     .000     .000 

    3.000     .000    1.000     .000     .000     .000 

    4.000     .000     .000    1.000     .000     .000 

    5.000     .000     .000     .000    1.000     .000 

    6.000     .000     .000     .000     .000    1.000 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -1.6406     1.1081    -1.4806      .1392    -3.8167      .5354 

PrevsPos      .6977      .4428     1.5755      .1156     -.1719     1.5673 

W1            .4736     1.3484      .3513      .7255    -2.1744     3.1217 

W2           1.9831      .8533     2.3242      .0204      .3075     3.6587 

W3            .5752      .9892      .5815      .5611    -1.3674     2.5178 

W4           1.7171      .6551     2.6212      .0090      .4306     3.0036 

W5           2.4481      .6123     3.9983      .0001     1.2457     3.6505 

Int_1         .5532     2.6061      .2123      .8320    -4.5648     5.6712 

Int_2         .5306     1.2893      .4115      .6808    -2.0013     3.0625 

Int_3       -1.2082     1.4142     -.8543      .3933    -3.9855     1.5691 

Int_4       -2.7868      .8128    -3.4288      .0006    -4.3830    -1.1907 

Int_5         .5386     1.0311      .5223      .6016    -1.4864     2.5635 

M1Medici     3.4335      .9746     3.5232      .0005     1.5197     5.3474 

M2Medici     2.9861      .4856     6.1488      .0000     2.0324     3.9398 
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M3Medici     -.9971      .7719    -1.2917      .1970    -2.5130      .5188 

Dis_Num      -.6126      .4020    -1.5238      .1281    -1.4021      .1769 

T1Tablet      .3127      .4422      .7073      .4796     -.5556     1.1810 

T2Tablet      .0412      .6451      .0639      .9491    -1.2257     1.3082 

S1Shipme      .1356      .4876      .2781      .7811     -.8220     1.0932 

S2Shipme     1.9472      .7478     2.6040      .0094      .4787     3.4156 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 Int_4    :        PrevsPos x        W4 

 Int_5    :        PrevsPos x        W5 

   

 

Table 1c: Moderation analysis for region – arrival timeliness  

Coding of categorical W variable for analysis: 

 Reg        W1       W2       W3       W4       W5 

    1.000     .000     .000     .000     .000     .000 

    2.000    1.000     .000     .000     .000     .000 

    3.000     .000    1.000     .000     .000     .000 

    4.000     .000     .000    1.000     .000     .000 

    5.000     .000     .000     .000    1.000     .000 

    6.000     .000     .000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant     -.5706     1.0830     -.5269      .5984    -2.6967     1.5554 

PrevsPos      .5895      .4286     1.3756      .1694     -.2518     1.4308 

W1            .7369     1.4002      .5263      .5988    -2.0117     3.4855 

W2           1.3530      .7452     1.8155      .0698     -.1100     2.8160 

W3           -.1802      .9485     -.1899      .8494    -2.0422     1.6818 

W4           1.1471      .5431     2.1122      .0350      .0810     2.2132 

W5           1.7168      .5227     3.2848      .0011      .6908     2.7429 

Int_1         .4891     2.7212      .1797      .8574    -4.8528     5.8311 

Int_2         .3734     1.3476      .2771      .7818    -2.2721     3.0188 

Int_3        -.2631     1.5371     -.1712      .8641    -3.2807     2.7544 

Int_4        -.8669      .7572    -1.1450      .2526    -2.3533      .6194 

Int_5        1.3373     1.0461     1.2783      .2015     -.7164     3.3909 

M1Medici     1.5127      .5139     2.9434      .0033      .5038     2.5215 

M2Medici     2.8555      .5028     5.6793      .0000     1.8685     3.8425 

M3Medici    -1.0203      .7335    -1.3910      .1646    -2.4603      .4196 

Dis_Num      -.6649      .4032    -1.6490      .0996    -1.4565      .1267 

T1Tablet      .2627      .4265      .6159      .5382     -.5746     1.0999 

T2Tablet     -.3231      .6187     -.5223      .6016    -1.5376      .8914 

S1Shipme     -.6894      .4647    -1.4834      .1384    -1.6016      .2229 

S2Shipme      .7719      .7255     1.0639      .2877     -.6523     2.1961 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 Int_4    :        PrevsPos x        W4 

 Int_5    :        PrevsPos x        W5 

   
 

Table 1d: Moderation Analysis for Region – Delivery Timeliness  

Coding of categorical W variable for analysis: 

 Reg        W1       W2       W3       W4       W5 

    1.000     .000     .000     .000     .000     .000 

    2.000    1.000     .000     .000     .000     .000 

    3.000     .000    1.000     .000     .000     .000 

    4.000     .000     .000    1.000     .000     .000 

    5.000     .000     .000     .000    1.000     .000 

    6.000     .000     .000     .000     .000    1.000 
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************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -2.2986     1.2148    -1.8922      .0589    -4.6842      .0870 

PrevsPos      .7621      .4614     1.6516      .0991     -.1441     1.6682 

W1           4.1578     1.8846     2.2062      .0277      .4569     7.8588 

W2           1.8372      .9094     2.0202      .0438      .0513     3.6231 

W3           -.0769      .9954     -.0773      .9384    -2.0317     1.8778 

W4            .3307      .6651      .4973      .6192     -.9753     1.6367 

W5           2.0834      .6030     3.4549      .0006      .8992     3.2677 

Int_1       -3.1904     3.0230    -1.0554      .2917    -9.1271     2.7462 

Int_2        -.3867     1.4548     -.2658      .7905    -3.2437     2.4703 

Int_3        -.2639     1.5231     -.1733      .8625    -3.2550     2.7272 

Int_4         .0392      .8355      .0470      .9625    -1.6015     1.6800 

Int_5         .3672     1.2010      .3057      .7599    -1.9914     2.7258 

M1Medici     3.6260     1.0687     3.3928      .0007     1.5272     5.7247 

M2Medici     2.6176      .5288     4.9503      .0000     1.5792     3.6560 

M3Medici     -.1758      .7937     -.2215      .8248    -1.7345     1.3829 

Dis_Num       .0447      .4399      .1016      .9191     -.8192      .9085 

T1Tablet      .4280      .4710      .9087      .3639     -.4969     1.3529 

T2Tablet      .1387      .6843      .2027      .8394    -1.2051     1.4825 

S1Shipme     -.9224      .5129    -1.7985      .0726    -1.9296      .0848 

S2Shipme      .7145      .7824      .9133      .3615     -.8219     2.2510 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 Int_4    :        PrevsPos x        W4 

 Int_5    :        PrevsPos x        W5 

   

 

Table 1e: Moderation analysis for region – proof of delivery timeliness  

Coding of categorical W variable for analysis: 

 Reg        W1       W2       W3       W4       W5 

    1.000     .000     .000     .000     .000     .000 

    2.000    1.000     .000     .000     .000     .000 

    3.000     .000    1.000     .000     .000     .000 

    4.000     .000     .000    1.000     .000     .000 

    5.000     .000     .000     .000    1.000     .000 

    6.000     .000     .000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant   960.7379   718.8831     1.3364      .1821  -452.2712  2373.7470 

PrevsPos   -64.1664   238.1325     -.2695      .7877  -532.2305   403.8977 

W1          22.7190   555.2110      .0409      .9674 -1068.5825  1114.0204 

W2          52.6402   410.0461      .1284      .8979  -753.3307   858.6111 

W3         -16.8693   425.3696     -.0397      .9684  -852.9594   819.2209 

W4           1.5034   374.5088      .0040      .9968  -734.6168   737.6236 

W5         -13.4094   298.5132     -.0449      .9642  -600.1556   573.3367 

Int_1      217.3283  1026.6904      .2117      .8325 -1800.6949  2235.3516 

Int_2      198.9955   647.2143      .3075      .7586 -1073.1441  1471.1350 

Int_3      103.0335   629.8851      .1636      .8701 -1135.0446  1341.1116 

Int_4      136.9773   493.6249      .2775      .7815  -833.2728  1107.2275 

Int_5    -2925.1657   609.4485    -4.7997      .0000 -4123.0744 -1727.2570 

M1Medici  -636.2290  1721.1971     -.3696      .7118 -4019.3480  2746.8900 

M2Medici   260.9452   238.6158     1.0936      .2748  -208.0689   729.9594 

M3Medici  -503.9700   462.7728    -1.0890      .2768 -1413.5786   405.6385 

Dis_Num   -418.5542   264.4654    -1.5826      .1142  -938.3772   101.2689 

T1Tablet    56.6586   227.5393      .2490      .8035  -390.5840   503.9011 

T2Tablet    79.1903   340.6220      .2325      .8163  -590.3232   748.7039 

S1Shipme    39.9409   249.1126      .1603      .8727  -449.7053   529.5870 

S2Shipme    71.5600   656.4955      .1090      .9133 -1218.8225  1361.9425 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 
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 Int_4    :        PrevsPos x        W4 

 Int_5    :        PrevsPos x        W5 

   

 

Table 2a: Moderation analysis for medicine – PO timeliness  

Coding of categorical W variable for analysis: 

 Med        W1       W2       W3 

    1.000     .000     .000     .000 

    2.000    1.000     .000     .000 

    3.000     .000    1.000     .000 

    4.000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant     -.6526     1.0259     -.6361      .5249    -2.6657     1.3606 

PrevsPos     1.3895      .3723     3.7326      .0002      .6590     2.1199 

W1           1.1082      .5707     1.9416      .0525     -.0118     2.2281 

W2           1.7040      .6063     2.8105      .0050      .5143     2.8937 

W3           1.2762      .7914     1.6126      .1071     -.2767     2.8291 

Int_1        -.5982      .8732     -.6850      .4935    -2.3115     1.1152 

Int_2       -1.0046      .9390    -1.0699      .2849    -2.8472      .8380 

Int_3       -1.1487      .7967    -1.4419      .1496    -2.7120      .4145 

Dis_Num      -.5624      .3842    -1.4639      .1435    -1.3163      .1915 

T1Tablet      .1821      .4000      .4553      .6490     -.6028      .9670 

T2Tablet     -.1592      .5424     -.2936      .7691    -1.2235      .9050 

S1Shipme      .9726      .4308     2.2577      .0242      .1273     1.8180 

S2Shipme     -.5719      .6423     -.8903      .3735    -1.8323      .6885 

R1Region     2.0795      .5976     3.4800      .0005      .9069     3.2521 

R2Region      .9746      .6917     1.4091      .1591     -.3826     2.3319 

R3Region     1.6716     1.2412     1.3467      .1784     -.7640     4.1072 

R4Region      .9575      .4354     2.1991      .0281      .1031     1.8119 

R5Region     2.2869      .4668     4.8989      .0000     1.3709     3.2030 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 

 

Table 2b: Moderation analysis for medicine – shipment timeliness 

Coding of categorical W variable for analysis: 

 Med        W1       W2       W3 

    1.000     .000     .000     .000 

    2.000    1.000     .000     .000 

    3.000     .000    1.000     .000 

    4.000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -1.9446     1.0895    -1.7849      .0748    -4.0841      .1949 

PrevsPos      .6081      .3753     1.6203      .1057     -.1289     1.3451 

W1          19.2702     3.8082     5.0601      .0000    11.7916    26.7489 

W2           2.7861      .5576     4.9969      .0000     1.6911     3.8811 

W3           1.7771      .9936     1.7885      .0742     -.1742     3.7284 

Int_1      -16.9759     3.9290    -4.3206      .0000   -24.6918    -9.2601 

Int_2         .5544      .8589      .6454      .5189    -1.1323     2.2410 

Int_3       -3.8560     1.0006    -3.8535      .0001    -5.8210    -1.8909 

Dis_Num      -.5221      .3948    -1.3226      .1865    -1.2974      .2532 

T1Tablet      .4859      .4368     1.1123      .2664     -.3719     1.3437 

T2Tablet      .1652      .6333      .2608      .7943    -1.0785     1.4089 

S1Shipme      .1328      .4776      .2781      .7810     -.8050     1.0707 

S2Shipme     1.8562      .7356     2.5232      .0119      .4115     3.3008 

R1Region     2.2009      .6445     3.4148      .0007      .9352     3.4665 

R2Region     -.1361      .7140     -.1907      .8489    -1.5383     1.2660 
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R3Region      .5392     1.1569      .4660      .6414    -1.7328     2.8112 

R4Region      .1434      .4844      .2961      .7672     -.8079     1.0948 

R5Region     2.5740      .5076     5.0710      .0000     1.5772     3.5708 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 

 

Table 2c: Moderation analysis for medicine – arrival timeliness 

Coding of categorical W variable for analysis: 

 Med        W1       W2       W3 

    1.000     .000     .000     .000 

    2.000    1.000     .000     .000 

    3.000     .000    1.000     .000 

    4.000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant     -.7897     1.0762     -.7338      .4633    -2.9025     1.3230 

PrevsPos      .9145      .3920     2.3325      .0199      .1448     1.6841 

W1           1.6484      .5700     2.8919      .0039      .5294     2.7674 

W2           2.7575      .5776     4.7743      .0000     1.6237     3.8913 

W3            .0786      .8191      .0960      .9236    -1.5292     1.6865 

Int_1        -.1312     1.1300     -.1161      .9076    -2.3495     2.0870 

Int_2         .1844      .9470      .1948      .8456    -1.6746     2.0434 

Int_3       -2.3477      .8543    -2.7481      .0061    -4.0248     -.6707 

Dis_Num      -.5961      .4011    -1.4860      .1377    -1.3835      .1913 

T1Tablet      .2512      .4263      .5893      .5558     -.5857     1.0881 

T2Tablet     -.3901      .6169     -.6323      .5274    -1.6010      .8209 

S1Shipme     -.7057      .4621    -1.5272      .1271    -1.6127      .2014 

S2Shipme      .8242      .7224     1.1409      .2543     -.5940     2.2424 

R1Region     1.4176      .6351     2.2321      .0259      .1709     2.6643 

R2Region     -.3840      .7569     -.5073      .6121    -1.8699     1.1019 

R3Region      .8424     1.2183      .6914      .4895    -1.5493     3.2341 

R4Region      .6869      .4560     1.5064      .1324     -.2083     1.5821 

R5Region     1.9382      .4740     4.0888      .0000     1.0077     2.8688 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 
 

Table 2d: Moderation analysis for medicine – customs clearance timeliness 

 

Coding of categorical W variable for analysis: 

 Med        W1       W2 

    1.000     .000     .000 

    3.000    1.000     .000 

    4.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    11.5607    17.6997      .6532      .5142   -23.2785    46.3999 

PrevsPos     1.1231     6.5030      .1727      .8630   -11.6771    13.9233 

W1           4.3998     6.4992      .6770      .4990    -8.3930    17.1926 

W2           3.6413    17.0322      .2138      .8309   -29.8841    37.1666 

Int_1       -4.4080     9.5312     -.4625      .6441   -23.1687    14.3528 

Int_2      -12.5945    21.1941     -.5942      .5528   -54.3120    29.1230 

Dis_Num      1.3292     6.7525      .1969      .8441   -11.9620    14.6205 

T1Tablet     -.0509     5.6345     -.0090      .9928   -11.1416    11.0397 
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T2Tablet    -1.3417     8.4438     -.1589      .8739   -17.9621    15.2786 

S1Shipme     8.9762     6.1554     1.4582      .1459    -3.1399    21.0923 

S2Shipme   -14.4492    20.4053     -.7081      .4795   -54.6141    25.7156 

R1Region    -6.9688     7.8762     -.8848      .3770   -22.4720     8.5344 

R2Region      .1107     7.1363      .0155      .9876   -13.9359    14.1574 

R3Region     2.5454    11.3088      .2251      .8221   -19.7144    24.8051 

R4Region    -3.5436     6.1638     -.5749      .5658   -15.6761     8.5889 

R5Region   -13.9632     6.2820    -2.2227      .0270   -26.3283    -1.5981 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

Table 2e: Moderation analysis for medicine – delivery timeliness 

Coding of categorical W variable for analysis: 

 Med        W1       W2       W3 

    1.000     .000     .000     .000 

    2.000    1.000     .000     .000 

    3.000     .000    1.000     .000 

    4.000     .000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -2.4863     1.2022    -2.0682      .0390    -4.8472     -.1254 

PrevsPos     1.0867      .4143     2.6232      .0089      .2732     1.9003 

W1           2.5249     1.2400     2.0361      .0422      .0897     4.9601 

W2           2.6486      .6043     4.3826      .0000     1.4618     3.8354 

W3            .9908      .8886     1.1149      .2653     -.7543     2.7359 

Int_1        3.8029     2.2327     1.7033      .0890     -.5817     8.1874 

Int_2         .0740      .9618      .0770      .9387    -1.8148     1.9628 

Int_3       -2.4437      .8819    -2.7710      .0058    -4.1756     -.7119 

Dis_Num       .0734      .4356      .1684      .8663     -.7821      .9289 

T1Tablet      .4675      .4678      .9994      .3180     -.4511     1.3862 

T2Tablet      .0678      .6769      .1002      .9203    -1.2616     1.3971 

S1Shipme     -.9518      .5066    -1.8789      .0607    -1.9467      .0430 

S2Shipme      .7511      .7746      .9697      .3326     -.7700     2.2723 

R1Region     1.6328      .7257     2.2501      .0248      .2077     3.0579 

R2Region     -.4538      .7649     -.5933      .5532    -1.9559     1.0483 

R3Region     2.9807     1.4921     1.9977      .0462      .0506     5.9108 

R4Region      .3062      .5326      .5749      .5656     -.7398     1.3522 

R5Region     2.2736      .5437     4.1814      .0000     1.2058     3.3414 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 Int_3    :        PrevsPos x        W3 

 

Table 3a: Moderation analysis for disease – PO timeliness  

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant   -68.6950    31.2097    -2.2011      .0280  -129.9364    -7.4537 

PrevsPos    50.5884    14.4767     3.4945      .0005    22.1814    78.9954 

W1          58.0869    24.9193     2.3310      .0199     9.1888   106.9850 

W2          23.7250    13.2369     1.7923      .0734    -2.2492    49.6992 

Int_1      -43.4323    25.7244    -1.6884      .0916   -93.9102     7.0455 

Int_2      -25.9563    19.1184    -1.3577      .1749   -63.4715    11.5589 

R1Region    62.5674    17.9763     3.4806      .0005    27.2933    97.8415 

R2Region    34.0764    20.6832     1.6475      .0998    -6.5094    74.6621 
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R3Region    45.1678    37.3420     1.2096      .2267   -28.1068   118.4424 

R4Region    31.8948    13.0582     2.4425      .0148     6.2712    57.5183 

R5Region    73.8144    13.9739     5.2823      .0000    46.3941   101.2347 

T1Tablet     3.6600    11.9766      .3056      .7600   -19.8412    27.1612 

T2Tablet    -7.7567    16.2951     -.4760      .6342   -39.7318    24.2185 

S1Shipme    29.5842    12.9695     2.2811      .0227     4.1348    55.0336 

S2Shipme   -26.1380    19.1284    -1.3664      .1721   -63.6728    11.3969 

Med_Num      3.3691    10.3796      .3246      .7456   -16.9983    23.7365 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 3b: Moderation analysis for disease– shipment timeliness 

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -6.7303     1.3164    -5.1127      .0000    -9.3155    -4.1452 

PrevsPos     1.4429      .4698     3.0712      .0022      .5203     2.3656 

W1           -.6867     1.1073     -.6201      .5354    -2.8612     1.4878 

W2           1.0595      .5045     2.1004      .0361      .0689     2.0502 

Int_1       -4.6589     1.0741    -4.3373      .0000    -6.7683    -2.5495 

Int_2       -1.3511      .6874    -1.9654      .0498    -2.7011     -.0011 

R1Region     2.2485      .6680     3.3658      .0008      .9366     3.5604 

R2Region      .2200      .7344      .2995      .7646    -1.2222     1.6622 

R3Region      .4195     1.2006      .3494      .7269    -1.9383     2.7772 

R4Region      .1754      .5026      .3490      .7272     -.8115     1.1623 

R5Region     2.6448      .5260     5.0279      .0000     1.6118     3.6779 

T1Tablet      .3251      .4492      .7238      .4694     -.5570     1.2073 

T2Tablet      .0254      .6574      .0386      .9692    -1.2656     1.3164 

S1Shipme      .2690      .4952      .5432      .5872     -.7035     1.2415 

S2Shipme     1.5086      .7574     1.9919      .0468      .0213     2.9959 

Med_Num      1.6852      .4426     3.8078      .0002      .8161     2.5544 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

Table 3c: Moderation analysis for disease – arrival timeliness 

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -3.3864     1.1266    -3.0059      .0027    -5.5980    -1.1749 

PrevsPos     1.5389      .4975     3.0934      .0021      .5623     2.5156 

W1           -.5593      .8541     -.6548      .5128    -2.2359     1.1173 

W2            .9976      .4696     2.1243      .0340      .0757     1.9194 

Int_1       -2.9494      .9217    -3.1998      .0014    -4.7588    -1.1400 

Int_2       -1.5466      .6916    -2.2363      .0256    -2.9042     -.1890 

R1Region     1.4278      .6479     2.2038      .0278      .1560     2.6997 

R2Region      .0338      .7677      .0440      .9649    -1.4732     1.5408 

R3Region      .5426     1.2420      .4368      .6624    -1.8956     2.9808 

R4Region      .8798      .4637     1.8972      .0582     -.0305     1.7901 

R5Region     2.2596      .4801     4.7065      .0000     1.3171     3.2021 
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T1Tablet     -.0166      .4306     -.0386      .9692     -.8620      .8287 

T2Tablet     -.6740      .6275    -1.0741      .2831    -1.9058      .5579 

S1Shipme     -.6827      .4714    -1.4482      .1480    -1.6081      .2427 

S2Shipme      .3614      .7328      .4932      .6220    -1.0771     1.7999 

Med_Num       .7004      .3667     1.9101      .0565     -.0194     1.4203 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

Table 3d: Moderation analysis for disease – customs clearance timeliness 

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    12.2010    19.4183      .6283      .5303   -26.0211    50.4232 

PrevsPos    -2.0510     5.7522     -.3566      .7217   -13.3734     9.2714 

W1          -5.6201    14.9833     -.3751      .7079   -35.1126    23.8724 

W2          -3.5016     9.0745     -.3859      .6999   -21.3633    14.3601 

Int_1       -9.4350    21.0125     -.4490      .6538   -50.7951    31.9251 

Int_2        4.0896    10.6456      .3842      .7011   -16.8647    25.0440 

R1Region    -6.9516     7.8769     -.8825      .3782   -22.4561     8.5529 

R2Region      .0261     7.1296      .0037      .9971   -14.0075    14.0596 

R3Region     2.6293    11.3064      .2326      .8163   -19.6256    24.8843 

R4Region    -3.3553     6.1377     -.5467      .5850   -15.4364     8.7258 

R5Region   -13.8611     6.2779    -2.2079      .0280   -26.2182    -1.5040 

T1Tablet      .1202     5.5969      .0215      .9829   -10.8965    11.1368 

T2Tablet    -1.2304     8.4389     -.1458      .8842   -17.8412    15.3803 

S1Shipme     8.9785     6.1617     1.4572      .1462    -3.1498    21.1069 

S2Shipme   -15.2769    20.6054     -.7414      .4591   -55.8355    25.2817 

Med_Num      2.4565     5.8642      .4189      .6756    -9.0863    13.9993 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 3e: Moderation analysis for disease – delivery timeliness 

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -4.6877     1.4269    -3.2852      .0011    -7.4898    -1.8855 

PrevsPos     1.3329      .5226     2.5502      .0110      .3065     2.3592 

W1          -2.3910     1.0027    -2.3845      .0174    -4.3602     -.4218 

W2            .1521      .5384      .2826      .7776     -.9052     1.2094 

Int_1       -2.6496      .9554    -2.7732      .0057    -4.5259     -.7733 

Int_2        -.5499      .7520     -.7312      .4649    -2.0267      .9269 

R1Region     1.8466      .7414     2.4909      .0130      .3907     3.3025 

R2Region      .2370      .7697      .3079      .7583    -1.2746     1.7486 

R3Region     2.6961     1.5260     1.7668      .0778     -.3006     5.6929 

R4Region      .2644      .5442      .4858      .6273     -.8044     1.3332 

R5Region     2.3768      .5527     4.3006      .0000     1.2915     3.4621 

T1Tablet      .2888      .4763      .6065      .5444     -.6465     1.2242 

T2Tablet     -.0295      .6933     -.0425      .9661    -1.3909     1.3319 

S1Shipme    -1.0415      .5185    -2.0088      .0450    -2.0597     -.0233 
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S2Shipme      .3389      .7890      .4296      .6677    -1.2105     1.8883 

Med_Num      1.4411      .4821     2.9891      .0029      .4943     2.3880 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 3f: Moderation analysis for disease– proof of delivery timeliness 

Coding of categorical W variable for analysis: 

 Use        W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant  -598.3866   795.5257     -.7522      .4523 -2161.9999   965.2267 

PrevsPos  -374.1190   249.0149    -1.5024      .1337  -863.5602   115.3221 

W1        -242.5268   508.5883     -.4769      .6337 -1242.1619   757.1084 

W2         268.7815   385.6031      .6970      .4862  -489.1249  1026.6880 

Int_1      240.2019   525.5455      .4571      .6479  -792.7627  1273.1664 

Int_2      240.8094   445.8994      .5401      .5894  -635.6100  1117.2288 

R1Region   110.4926   337.0742      .3278      .7432  -552.0299   773.0150 

R2Region    48.2304   329.0229      .1466      .8835  -598.4672   694.9280 

R3Region   147.3524   489.5332      .3010      .7636  -814.8298  1109.5345 

R4Region    89.8966   265.5549      .3385      .7351  -432.0542   611.8473 

R5Region  -623.7815   268.6066    -2.3223      .0207 -1151.7304   -95.8327 

T1Tablet    28.5515   233.6818      .1222      .9028  -430.7522   487.8552 

T2Tablet  -124.2840   346.5767     -.3586      .7201  -805.4837   556.9157 

S1Shipme    24.2618   255.6190      .0949      .9244  -478.1596   526.6833 

S2Shipme   -21.3389   666.2336     -.0320      .9745 -1330.8274  1288.1495 

Med_Num    254.0757   247.9943     1.0245      .3062  -233.3594   741.5108 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

Table 4a: Moderation analysis for order size – PO timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -1.8340      .6423    -2.8553      .0044    -3.0945     -.5736 

PrevsPos     1.1623      .4671     2.4881      .0130      .2457     2.0789 

W1            .1655      .4796      .3452      .7300     -.7756     1.1067 

W2           -.4749      .4980     -.9536      .3405    -1.4522      .5024 

Int_1        -.7246      .6742    -1.0746      .2828    -2.0476      .5985 

Int_2         .5619      .7238      .7763      .4377     -.8584     1.9822 

R1Region     2.0779      .5995     3.4658      .0006      .9014     3.2543 

R2Region     1.0855      .6882     1.5771      .1151     -.2650     2.4360 

R3Region     1.5009     1.2456     1.2050      .2285     -.9433     3.9451 

R4Region     1.1671      .4352     2.6820      .0074      .3132     2.0210 

R5Region     2.4769      .4670     5.3038      .0000     1.5605     3.3933 

Med_Num       .5228      .1825     2.8644      .0043      .1646      .8809 

Dis_Num      -.3542      .1742    -2.0331      .0423     -.6961     -.0123 

S1Shipme      .9420      .4294     2.1938      .0285      .0994     1.7847 

S2Shipme    -1.0227      .6304    -1.6224      .1050    -2.2597      .2142 

 

Product terms key: 
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 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 4b: Moderation analysis for order size– shipment timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -3.1228      .8045    -3.8817      .0001    -4.7027    -1.5430 

PrevsPos      .3332      .5017      .6640      .5069     -.6522     1.3185 

W1            .5400      .5926      .9112      .3625     -.6238     1.7037 

W2           -.3765      .6215     -.6058      .5449    -1.5971      .8440 

Int_1       -1.1331      .7747    -1.4627      .1441    -2.6544      .3882 

Int_2         .5069      .8059      .6290      .5296    -1.0757     2.0895 

R1Region     2.2667      .6834     3.3165      .0010      .9245     3.6088 

R2Region      .8096      .7431     1.0895      .2764     -.6497     2.2690 

R3Region      .2831     1.2280      .2306      .8177    -2.1284     2.6947 

R4Region      .3734      .5144      .7259      .4681     -.6368     1.3836 

R5Region     2.8703      .5365     5.3500      .0000     1.8167     3.9239 

Med_Num       .2048      .2415      .8482      .3967     -.2694      .6790 

Dis_Num       .0587      .1929      .3040      .7612     -.3202      .4376 

S1Shipme      .4645      .5038      .9221      .3568     -.5248     1.4539 

S2Shipme     1.6361      .7730     2.1166      .0347      .1181     3.1541 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 4c: Moderation analysis for order size– arrival timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -1.5044      .6881    -2.1862      .0291    -2.8552     -.1535 

PrevsPos      .4523      .4983      .9076      .3644     -.5260     1.4306 

W1            .3567      .5110      .6981      .4853     -.6464     1.3599 

W2           -.6934      .5455    -1.2712      .2041    -1.7643      .3774 

Int_1        -.6186      .7365     -.8398      .4013    -2.0644      .8273 

Int_2         .5453      .7992      .6823      .4953    -1.0236     2.1142 

R1Region     1.4648      .6535     2.2414      .0253      .1819     2.7477 

R2Region      .3569      .7696      .4638      .6429    -1.1538     1.8676 

R3Region      .4989     1.2530      .3982      .6906    -1.9607     2.9586 

R4Region      .9436      .4663     2.0235      .0434      .0282     1.8590 

R5Region     2.3507      .4865     4.8318      .0000     1.3957     3.3058 

Med_Num      -.0271      .1978     -.1371      .8910     -.4154      .3612 

Dis_Num      -.0458      .1857     -.2468      .8051     -.4104      .3187 

S1Shipme     -.5422      .4731    -1.1459      .2522    -1.4710      .3866 

S2Shipme      .4427      .7334      .6037      .5462     -.9970     1.8824 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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Table 4d: Moderation analysis for order size – customs clearance timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    14.5523    12.6720     1.1484      .2518   -10.3903    39.4948 

PrevsPos    -4.7074     6.7124     -.7013      .4837   -17.9196     8.5048 

W1          -1.9773     6.7841     -.2915      .7709   -15.3307    11.3761 

W2          -1.7182     7.5468     -.2277      .8201   -16.5728    13.1364 

Int_1        5.7272    10.3236      .5548      .5795   -14.5929    26.0473 

Int_2        3.0755    10.8043      .2847      .7761   -18.1909    24.3420 

R1Region    -7.1788     7.8924     -.9096      .3638   -22.7135     8.3560 

R2Region      .3857     7.0385      .0548      .9563   -13.4683    14.2398 

R3Region     3.1556    11.4147      .2764      .7824   -19.3123    25.6234 

R4Region    -3.1174     6.1329     -.5083      .6116   -15.1889     8.9541 

R5Region   -13.8601     6.2860    -2.2049      .0283   -26.2330    -1.4873 

Med_Num       .0280     4.2286      .0066      .9947    -8.2953     8.3514 

Dis_Num      1.5414     2.9824      .5168      .6057    -4.3289     7.4117 

S1Shipme     9.0820     6.0979     1.4894      .1375    -2.9206    21.0847 

S2Shipme   -15.5938    20.6129     -.7565      .4500   -56.1666    24.9790 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 4e: Moderation analysis for order size – delivery timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -1.8718      .8678    -2.1569      .0314    -3.5759     -.1676 

PrevsPos      .2189      .5310      .4122      .6803     -.8238     1.2616 

W1           -.3385      .5900     -.5736      .5664    -1.4971      .8202 

W2           -.5220      .6368     -.8198      .4127    -1.7725      .7285 

Int_1         .5441      .8053      .6756      .4996    -1.0374     2.1256 

Int_2         .6831      .8595      .7947      .4271    -1.0049     2.3711 

R1Region     1.8297      .7519     2.4335      .0152      .3532     3.3061 

R2Region      .5516      .7776      .7093      .4784     -.9755     2.0786 

R3Region     2.7244     1.5486     1.7593      .0790     -.3167     5.7655 

R4Region      .4307      .5504      .7825      .4342     -.6502     1.5116 

R5Region     2.4919      .5613     4.4397      .0000     1.3897     3.5941 

Med_Num      -.0508      .2307     -.2204      .8257     -.5039      .4022 

Dis_Num       .3383      .2040     1.6581      .0978     -.0624      .7389 

S1Shipme     -.7806      .5214    -1.4973      .1348    -1.8044      .2432 

S2Shipme      .3526      .7994      .4411      .6593    -1.2172     1.9224 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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Table 4f: Moderation analysis for order size – proof of delivery timeliness 

Coding of categorical W variable for analysis: 

 Tablets       W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    85.7671   493.5800      .1738      .8621  -884.3626  1055.8968 

PrevsPos  -205.5571   255.4975     -.8045      .4215  -707.7365   296.6223 

W1        -118.4326   314.7824     -.3762      .7069  -737.1363   500.2711 

W2          40.6075   314.7002      .1290      .8974  -577.9346   659.1495 

Int_1      128.9893   422.4812      .3053      .7603  -701.3960   959.3746 

Int_2     -508.2347   403.3755    -1.2600      .2084 -1301.0677   284.5983 

R1Region   105.3251   336.0096      .3135      .7541  -555.1005   765.7508 

R2Region    58.1793   324.2980      .1794      .8577  -579.2273   695.5859 

R3Region    90.5946   490.0067      .1849      .8534  -872.5118  1053.7011 

R4Region    91.6513   263.9042      .3473      .7285  -427.0516   610.3541 

R5Region  -597.0242   268.0673    -2.2271      .0265 -1123.9096   -70.1388 

Med_Num    135.1126   123.2046     1.0967      .2734  -107.0455   377.2707 

Dis_Num   -136.6365   115.2891    -1.1852      .2366  -363.2368    89.9639 

S1Shipme    42.0137   251.5083      .1670      .8674  -452.3249   536.3524 

S2Shipme   -53.7571   661.8830     -.0812      .9353 -1354.6858  1247.1715 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 5a: Moderation analysis for shipment mode – PO timeliness  

Coding of categorical W variable for analysis: 

 Ship         W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

          R       R-sq        MSE          F        df1        df2          p 

      .2909      .0846    19.7217     6.9451    14.0000  1052.0000      .0000 

 

Model 

              coeff         se          t          p       LLCI       ULCI 

constant      .4979      .8662      .5748      .5655    -1.2017     2.1975 

PrevsPos     1.2377      .4078     3.0355      .0025      .4376     2.0378 

W1          -1.3139      .4830    -2.7199      .0066    -2.2617     -.3660 

W2           -.6636      .5903    -1.1242      .2612    -1.8220      .4947 

Int_1         .5493      .6137      .8950      .3710     -.6550     1.7535 

Int_2       -3.8000      .8846    -4.2956      .0000    -5.5358    -2.0642 

R1Region     2.1177      .5961     3.5524      .0004      .9480     3.2875 

R2Region     1.1080      .6741     1.6437      .1005     -.2147     2.4307 

R3Region     1.6772     1.2394     1.3532      .1763     -.7549     4.1092 

R4Region     1.1156      .4329     2.5769      .0101      .2661     1.9651 

R5Region     2.5881      .4663     5.5507      .0000     1.6732     3.5030 

T1Tablet      .1910      .3902      .4896      .6245     -.5746      .9566 

T2Tablet     -.2086      .5380     -.3878      .6982    -1.2643      .8471 

Med_Num       .2474      .1847     1.3398      .1806     -.1149      .6098 

Dis_Num      -.6712      .2303    -2.9141      .0036    -1.1231     -.2192 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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Table 5b: Moderation analysis for shipment mode– shipment timeliness 

Coding of categorical W variable for analysis: 

 Ship          W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -4.3704     1.1456    -3.8151      .0001    -6.6201    -2.1208 

PrevsPos      .8433      .4494     1.8766      .0610     -.0392     1.7257 

W1           -.0296      .5852     -.0506      .9597    -1.1789     1.1197 

W2           3.6355      .8683     4.1868      .0000     1.9303     5.3406 

Int_1        -.5018      .6830     -.7347      .4628    -1.8430      .8394 

Int_2       -4.3724     1.0993    -3.9773      .0001    -6.5313    -2.2135 

R1Region     2.2229      .6748     3.2939      .0010      .8976     3.5481 

R2Region      .6970      .7383      .9440      .3455     -.7529     2.1470 

R3Region     -.0127     1.2095     -.0105      .9916    -2.3879     2.3624 

R4Region      .2775      .5074      .5469      .5846     -.7189     1.2740 

R5Region     2.8129      .5318     5.2899      .0000     1.7686     3.8571 

T1Tablet     -.1935      .4501     -.4298      .6675    -1.0774      .6905 

T2Tablet     -.4172      .6602     -.6320      .5276    -1.7136      .8792 

Med_Num       .4165      .2487     1.6746      .0945     -.0719      .9050 

Dis_Num       .4982      .2746     1.8144      .0701     -.0410     1.0375 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 5c: Moderation analysis for shipment mode– arrival timeliness 

Coding of categorical W variable for analysis: 

 Ship          W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -2.4135      .9312    -2.5917      .0097    -4.2415     -.5855 

PrevsPos      .5766      .4424     1.3035      .1928     -.2917     1.4450 

W1            .5113      .5263      .9715      .3316     -.5219     1.5445 

W2           1.7219      .7095     2.4271      .0154      .3293     3.1146 

Int_1        -.1705      .6722     -.2537      .7998    -1.4901     1.1490 

Int_2       -2.1023     1.1098    -1.8942      .0586    -4.2809      .0763 

R1Region     1.3743      .6553     2.0973      .0363      .0880     2.6606 

R2Region      .4999      .7681      .6508      .5154    -1.0079     2.0077 

R3Region      .4117     1.2597      .3268      .7439    -2.0610     2.8845 

R4Region      .9642      .4693     2.0547      .0402      .0430     1.8854 

R5Region     2.3356      .4904     4.7626      .0000     1.3729     3.2982 

T1Tablet     -.0560      .4291     -.1306      .8961     -.8983      .7862 

T2Tablet     -.6034      .6311     -.9562      .3393    -1.8422      .6354 

Med_Num       .0679      .2023      .3359      .7371     -.3291      .4650 

Dis_Num       .0743      .2472      .3005      .7639     -.4109      .5595 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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Table 5d: Moderation analysis for shipment mode – customs clearance timeliness 

Coding of categorical W variable for analysis: 

 Ship          W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    15.1973    15.3468      .9903      .3229   -15.0102    45.4048 

PrevsPos    -1.8132     5.6694     -.3198      .7493   -12.9724     9.3460 

W1          -8.6341     6.6394    -1.3004      .1945   -21.7025     4.4343 

W2         -25.6696    34.7984     -.7377      .4613   -94.1640    42.8249 

Int_1        -.0523     8.9196     -.0059      .9953   -17.6089    17.5043 

Int_2        4.0461    42.5874      .0950      .9244   -79.7796    87.8718 

R1Region    -7.2822     7.8218     -.9310      .3526   -22.6780     8.1137 

R2Region      .1240     7.0903      .0175      .9861   -13.8321    14.0800 

R3Region     2.5071    11.3309      .2213      .8250   -19.7958    24.8099 

R4Region    -3.0833     6.1174     -.5040      .6146   -15.1242     8.9576 

R5Region   -13.8872     6.2641    -2.2170      .0274   -26.2169    -1.5575 

T1Tablet     -.1572     5.4728     -.0287      .9771   -10.9294    10.6150 

T2Tablet    -1.5468     8.5321     -.1813      .8563   -18.3407    15.2471 

Med_Num      1.1526     3.7950      .3037      .7616    -6.3173     8.6224 

Dis_Num      3.2380     3.9853      .8125      .4172    -4.6065    11.0824 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 

 

 

Table 5e: Moderation analysis for shipment mode – delivery timeliness 

Coding of categorical W variable for analysis: 

 Ship          W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant    -5.7575     1.2350    -4.6621      .0000    -8.1827    -3.3323 

PrevsPos     1.1644      .4920     2.3668      .0182      .1983     2.1306 

W1           1.3840      .6121     2.2609      .0241      .1819     2.5861 

W2           1.8144      .7958     2.2801      .0229      .2517     3.3771 

Int_1        -.9414      .7366    -1.2780      .2017    -2.3880      .5052 

Int_2       -1.0858     1.0907     -.9956      .3199    -3.2277     1.0560 

R1Region     1.7244      .7486     2.3035      .0216      .2543     3.1944 

R2Region      .1899      .7675      .2474      .8047    -1.3173     1.6971 

R3Region     2.4016     1.5430     1.5565      .1201     -.6285     5.4317 

R4Region      .3359      .5501      .6107      .5416     -.7443     1.4161 

R5Region     2.3520      .5614     4.1898      .0000     1.2496     3.4545 

T1Tablet      .1154      .4762      .2423      .8086     -.8197     1.0504 

T2Tablet     -.2073      .6943     -.2986      .7653    -1.5707     1.1561 

Med_Num       .4129      .2595     1.5915      .1120     -.0966      .9225 

Dis_Num       .9194      .2833     3.2453      .0012      .3631     1.4758 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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Table 5f: Moderation analysis for shipment mode – proof of delivery timeliness 

 

Coding of categorical W variable for analysis: 

 Ship          W1       W2 

    1.000     .000     .000 

    2.000    1.000     .000 

    3.000     .000    1.000 

 

************************************************************************** 

              coeff         se          t          p       LLCI       ULCI 

constant   224.6911   689.3486      .3259      .7446 -1130.2210  1579.6032 

PrevsPos  -129.9488   238.1618     -.5456      .5856  -598.0550   338.1573 

W1         164.9561   295.9171      .5574      .5775  -416.6678   746.5800 

W2         -34.3965   694.1182     -.0496      .9605 -1398.6832  1329.8903 

Int_1     -465.0669   344.0372    -1.3518      .1772 -1141.2707   211.1369 

Int_2       68.5705  1888.5081      .0363      .9711 -3643.2854  3780.4264 

R1Region    45.2108   333.3521      .1356      .8922  -609.9916   700.4133 

R2Region    50.2954   327.4344      .1536      .8780  -593.2757   693.8665 

R3Region    94.7727   490.4806      .1932      .8469  -869.2652  1058.8106 

R4Region    81.5650   265.3332      .3074      .7587  -439.9465   603.0765 

R5Region  -620.6483   268.0361    -2.3155      .0211 -1147.4724   -93.8243 

T1Tablet    44.1348   233.0503      .1894      .8499  -413.9247   502.1942 

T2Tablet  -162.4457   344.3007     -.4718      .6373  -839.1675   514.2762 

Med_Num     62.0060   138.0142      .4493      .6535  -209.2604   333.2724 

Dis_Num   -117.4641   142.9528     -.8217      .4117  -398.4374   163.5091 

 

Product terms key: 

 Int_1    :        PrevsPos x        W1 

 Int_2    :        PrevsPos x        W2 
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APPENDIX 13:  Double pretest descriptive analysis and correlation matrix  
 

 Table 1: Descriptive analysis  

 

Pre Group Coded 

PO Timeliness  
(in months) 

Go Signal 
Timeliness 

(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs 
Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 

Timeliness 
(in days) 

0 
(“Pre1”) 

N Valid 395 53 140 281 103 158 107 

Missing 369 711 624 483 661 606 657 

Mean -.60 1.94 -2.51 -1.63 24.15 -1.89 27.53 

Median -.97 .00 -2.65 -1.97 16.00 -1.85 21.00 

Mode 2.37 0 -3.20a -1.70 30 -2.27 0a 

Std. Deviation 4.72 7.72 3.44 4.44 31.32 3.97 35.80 

Variance 22.30 59.67 11.85 19.76 981.01 15.75 1281.35 

Minimum -14.67 0 -11.47 -14.53 -9 -13.93 -119 

Maximum 22.43 43 10.93 12.23 206 12.53 211 

1 
(“Pre 2”) 

N Valid 285 64 199 249 99 224 139 

Missi
ng 

19 240 105 55 205 80 165 

Mean .51 -24.13 -.58 -.68 16.91 -.63 29.94 

Median .07 .00 -1.30 -.83 12.00 -.72 22.00 

Mode -1.50 0 .10a 1.93 0 -1.07 0 

Std. Deviation 4.73 111.73 3.85 3.82 44.82 4.47 82.03 

Variance 22.408 12483.63 14.82 14.61 2008.70 20.01 6728.53 

Minimum -14.83 -708 -14.70 -13.97 -346 -16.87 -416 

Maximum 11.67 66 16.90 11.43 179 12.40 494 

 
 

Table 2: Correlation matrix  

 
PO Timeliness  
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs 
Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 
Timeliness 
(in days) 

PO 
Timeliness  
(in months) 

Pearson Correlation 1 .130 .703** .716** -.182* .692** -.165* 

Sig. (2-tailed)  .221 .000 .000 .043 .000 .036 

N 680 90 339 530 124 382 163 

Go Signal 
Timeliness 
(in days) 

Pearson Correlation .130 1 .156 .143 -.032 .165 -.010 

Sig. (2-tailed) .221  .156 .187 .809 .164 .936 

N 90 117 84 86 59 73 72 

Shipment 
Timeliness 
(in months) 

Pearson Correlation .703** .156 1 .944** -.186* .910** -.279** 

Sig. (2-tailed) .000 .156  .000 .039 .000 .000 

N 339 84 339 329 124 295 157 

Arrival 

Timeliness 
(in months) 

Pearson Correlation .716** .143 .944** 1 .099 .898** -.042 

Sig. (2-tailed) .000 .187 .000  .275 .000 .597 

N 530 86 329 530 124 346 163 

Customs 
Clearance 
Timeliness 
(in days) 

Pearson Correlation -.182* -.032 -.186* .099 1 -.222* .636** 

Sig. (2-tailed) .043 .809 .039 .275  .013 .000 

N 124 59 124 124 202 123 192 

Delivery 
Timeliness 
(in months) 

Pearson Correlation .692** .165 .910** .898** -.222* 1 -.338** 

Sig. (2-tailed) .000 .164 .000 .000 .013  .000 

N 382 73 295 346 123 382 161 

Proof of 
Delivery 
Timeliness 
(in days) 

Pearson Correlation -.165* -.010 -.279** -.042 .636** -.338** 1 

Sig. (2-tailed) .036 .936 .000 .597 .000 .000  
N 163 72 157 163 192 161 246 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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APPENDIX 14: Publicly accessible country-level data - descriptive analysis and 

correlation matrix 

 
Table 1: Descriptive analysis  

 

Post Group - Coded 

PO 
Timeliness  
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of Delivery 
Timeliness 
(in days) 

0 
(“Post 1”) 

N Valid 289 121 249 236 93 238 189 

Missing 16 184 56 69 212 67 116 

Mean .70 25.55 -1.93 -1.33 18.60 -1.20 20.02 

Median .40 15.00 -1.90 -1.43 15.00 -1.25 28.00 

Mode .20 0 -4.30a -7.37a 4 -3.00a 8 

Std. Deviation 4.29 52.85 4.45 4.35 20.54 4.33 271.69 

Variance 18.39 2793.60 19.77 18.94 421.98 18.76 73816.35 

Minimum -12.53 -365 -16.33 -14.13 -11 -15.47 -3641 

Maximum 13.83 313 8.80 14.20 104 14.40 401 

1 
(“Post 2”) 

N Valid 104 11 91 86 5 61 11 

Missing 6 99 19 24 105 49 99 

Mean .82 21.45 -.30 -.64 26.80 .22 17.09 

Median .80 20.00 -.03 -.40 9.00 .47 11.00 

Mode .80 1a 2.17 -.30a 9 .47a 5a 

Std. Deviation 4.47 16.27 4.18 4.83 26.97 5.12 26.07 

Variance 20.01 264.87 17.50 23.29 727.20 26.22 679.89 

Minimum -15.57 1 -10.07 -12.80 4 -9.57 3 

Maximum 13.87 54 11.20 10.83 61 9.80 94 

a. Multiple modes exist. The smallest value is shown 

 

Table 2: Correlation matrix  

 

 

PO 
Timeliness  
(in months) 

Go Signal 
Timeliness 
(in days) 

Shipment 
Timeliness 
(in months) 

Arrival 
Timeliness 
(in months) 

Customs 
Clearance 
Timeliness 
(in days) 

Delivery 
Timeliness 
(in months) 

Proof of 
Delivery 
Timeliness 
(in days) 

PO 
Timeliness  
(in months) 

Pearson Correlation 1 .144 .642** .700** -.015 .688** .002 

Sig. (2-tailed)  .109 .000 .000 .888 .000 .976 

N 393 125 339 321 92 299 191 

Go Signal 
Timeliness 
(in days) 

Pearson Correlation .144 1 -.030 -.016 -.067 -.009 .090 

Sig. (2-tailed) .109  .745 .865 .656 .922 .364 

N 125 132 121 115 46 116 104 

Shipment 
Timeliness  
(in months) 

Pearson Correlation .642** -.030 1 .967** .029 .941** .018 

Sig. (2-tailed) .000 .745  .000 .788 .000 .807 

N 339 121 340 297 89 287 187 

Arrival 
Timeliness  
(in months) 

Pearson Correlation .700** -.016 .967** 1 .011 .976** .017 

Sig. (2-tailed) .000 .865 .000  .916 .000 .816 

N 321 115 297 322 92 270 191 

Customs 
Clearance 
Timeliness 
(in days) 

Pearson Correlation -.015 -.067 .029 .011 1 -.173 .144 

Sig. (2-tailed) .888 .656 .788 .916  .099 .177 

N 92 46 89 92 98 92 89 

Delivery 

Timeliness  
(in months) 

Pearson Correlation .688** -.009 .941** .976** -.173 1 -.010 

Sig. (2-tailed) .000 .922 .000 .000 .099  .894 

N 299 116 287 270 92 299 185 

Proof of 
Delivery 

Timeliness 
(in days) 

Pearson Correlation .002 .090 .018 .017 .144 -.010 1 

Sig. (2-tailed) .976 .364 .807 .816 .177 .894  

N 191 104 187 191 89 185 200 

**. Correlation is significant at the 0.01 level (2-tailed). 
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APPENDIX 15: Upstream, country-driven processes analyses  

 
Table 1: Descriptive analysis 
 

Pre vs Post SCPMS - Coded 
Forecasting Variance  
(in %) 

RO clearance 
timeliness  
(in days) 

PO timeliness 
against RO 
clearance   
(in days) 

0 
(“Pre” 
SCPMS) 

N Valid 1068 392 451 

Missing 0 676 617 

Mean 15.6% 51.77 21.13 

Median 0.0% 33.00 6.00 

Mode 0.0% 0 0 

Std. Deviation 34.3% 64.481 75.416 

Variance 1174 4157 5687 

1 
(“Post” 
SCPMS) 

N Valid 416 299 302 

Missing 0 117 114 

Mean 72.6% 81.68 3.82 

Median 31.4% 63.00 1.00 

Mode 100.00% 98 0 

Std. Deviation 203.1% 78.858 5.546 

Variance 41260 6218 30 

 
Table 2: Correlation matrix  

Correlations 

 
Forecasting Variance  
(in %) 

RO clearance 
timeliness  
(in days) 

PO timeliness against 
RO clearance   
(in days) 

Forecasting 
Variance  
(in %) 

Pearson 
Correlation 

1 -.014 -.035 

Sig. (2-tailed)  .709 .338 

N 1484 691 753 

RO clearance 
timeliness  

(in days) 

Pearson 
Correlation 

-.014 1 -.177** 

Sig. (2-tailed) .709  .000 

N 691 691 691 

PO timeliness 
against RO 
clearance   
(in days) 

Pearson 
Correlation 

-.035 -.177** 1 

Sig. (2-tailed) .338 .000  
N 753 691 753 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
 

Calculating forecasting variance for multiple orders   

For countries with multiple orders against a single WHO forecast, the following criteria was used to link 

different orders to a single forecast value:  

• Country matched between orders  

• Orders were less than 1 year apart 

• Same forecast value cited in the shipment tracking between the orders  

• Same planned PC date between different orders  

• Same disease program cited in the shipment tracking between the orders  

 


