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 This study updates Humanitarian Logistics Digital Business Ecosystem framework coupled with 
the development of a proposed integrated CCSD-CoCoSo MCDM method to rank factors used 
in assessing humanitarian and business logistics actor’s propensity to use, diffuse, and adopt a 
collaborative digital business ecosystem platform for their future operational use. Employing 
nine criteria derived from technology innovation theories and institutional theory, and 28 experts 
comprising our decision matrix. The findings report perceived relative advantage, perceived 
safety and security, and infrastructure and expertise as the top three vital criteria that experts 
believe when addressed in an ecosystem platform for humanitarian and business logistics actors 
it would encourage a collaboration for their sustainable future operations. With organisational 
culture and structure as the least prioritised criteria. The study concludes that the CCSD-CoCoSo 
obtained results are objective, validating, and that this model is useful and suitable for MCDM 
analysis and policy making. 
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1. Introduction 
 

Humanitarian and business logistics sustainability are issues talked about globally in the 21st century. Inevitably, disasters 
occurring annually continue to affect lives, businesses, and economies. For example, the present global COVID-19 
pandemic, Ebola (Liberia), earthquakes (Haiti, Nepal), Tsunami (Indian ocean countries), typhoons and tornadoes (USA, 
Japan, China) and others prompt humanitarian aids to be transported via relief organisations logistics channels (Besiou et 
al., 2018). The enormous demand, financial constraints and pressures associated with handling such disaster issues prompt 
support from business logistics companies and other stakeholders due to the high costs involved in the employment of 
logistics activities in moving needed relief supplies to beneficiaries. And despite these assistance given, such needed help 
tends to be sometimes on a short-term basis, thereby diminishing such sustainable efforts. To tackle these issues, the United 
Nations with other stakeholders developed the Sustainable Development Goals (SGD’s) (notably under the SDG 17) as a 
means of curbing these challenges (UN-DESA, 2015). Consistent efforts employed by stakeholders in supporting the SDG’s 
implementation helps make it a reality. Supporting humanitarian logistics operations are mostly done via collaborations 
between humanitarian and business logistics actors. Thus, complementing each other’s effort to address challenges they 
face. Notable issues not limited to optimisation, sustainability, risks, communication, and decision making employment 
tools are addressed in such engagements (Bag et al., 2020; Chari et al., 2020; Dufour et al., 2018; Ittmann, 2020; Munyaka 
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& Yadavalli, 2021; Mutebi et al., 2020; Rancourt et al., 2015; Sabri et al., 2019; Taymaz et al., 2020; Villa et al., 2017; 
VonAchen et al., 2016). Although collaborations are beneficial to their operational success, such motivations are sometimes 
based on intrinsic or extrinsic benefits the actors gain from such efforts. While humanitarian logistics organisations derive 
financial supports, in-kind donations, expertise, human resources, and others as some intrinsic benefits from the 
collaborations; business logistics organisations use that as motivation for their staffs, access to resources in areas that are 
inaccessible to them but accessible to humanitarian organisations, risk minimization, and others (S. Gupta et al., 2015; 
Hotho & Girschik, 2019; Kamstra & Schulpen, 2015). Also, business logistics companies are extrinsically motivated to 
collaborate with relief actors because of the internationalisation of their operations in other areas which requires Corporate 
social responsibility (CSR) efforts to build trust in the community they seek to operate in (Kühn et al., 2018); while, 
humanitarian logistics actors do so to encourage legitimacy, transparency, and accountability on the part of the donors 
(Kamstra & Schulpen, 2015). Despite the benefits humanitarian and business logistics actor may derive from collaborating 
to address relief issues, there are still barriers that hinder them from engaging in a collaborative operation. 
 
Barriers hindering humanitarian and business logistics actors from collaborating include but are not limited to asymmetry 
of organisations mandates and alignment of missions, trust, lack of standardisation, information asymmetry, benefit and 
value appropriation to actors, and others (Bealt et al., 2016; Dubey, Altay, et al., 2019; John et al., 2019; Li et al., 2019; 
Nurmala et al., 2017, 2018; Papadopoulos et al., 2017). Addressing such challenges, researchers have advocated for the 
utilisation of new generational technologies such as big data analytics, block chain, drones, and others to help curb such 
problems they face when collaborating (Dubey et al., 2020; Dubey, Gunasekaran, Childe, Blome, et al., 2019; Dubey, 
Gunasekaran, Childe, Roubaud, et al., 2019; Papadopoulos et al., 2017). The United Nations (UN) World Food Programme 
(WFP), Logistics Emergency Team (LET), and other actors coordinate and collaborate under an inter-cluster, and ecosystem 
collaborative platform; till date long-term collaborative sustainable ecosystem remains a challenge. For example, LET has 
been a great asset for supporting humanitarian logistics activities in various parts of the world utilising their platforms and 
resources, nonetheless, they are activated when a big disaster occurs and when called upon (Cozzolino, 2021). Supporting 
the local capacity sustenance and development before, during and after a disaster needs attention before an international 
logistics actor intervenes. A goal the UN and other regional bodies strives to attain. Achieving that has its hurdles. For 
example, Bealt et al. (2016) stressed that in a complex networked system of actors, addressing transparency, best practices, 
quality of services, collaborations, structuring of organisations, trust, and others are a moving force for such collaborative 
systems. Adding to that Baffoe & Luo (2020), also conceptually developed a framework called Humanitarian Logistics 
Digital Business Ecosystem (HLDBE) platform using dimensions such as Big data analytics (BDA), Ecosystem/ 
Platform(E/P), Governance and Law(G&L), Incentives and Innovation (I&I), Multi-actor Collaboration/ Integration 
(MC/I), and others as a means in encouraging decision-makers to employ, adopt and diffuse digital platform both locally 
and nationally; thus, gaining capacity sustenance and resilience prior to obtaining international support despite the 
magnitude of the disaster. For details on HLDBE see (Baffoe & Luo, 2020). To date, prospective users' willingness to join 
a digital collaborative ecosystem which serves their needs and supports their humanitarian logistics hurdles is a challenge. 
Because, it is based on whether to use, adopt, and diffuse a digital platform like HLDBE, a multi-criteria decision making 
(MCDM) method is proposed  (thus, an integrated correlation coefficient and standard deviation with combined 
compromise solution (CCSD-CoCoSo) ) to ascertain from experts who serve as academicians, policymakers, and practicians 
on the factors that would prompt decision-makers/ senior-level executives of humanitarian and business logistics 
organisations on their perceived future use, adoption, and diffuse of digital ecosystem platforms such as the one conceptually 
proposed by Baffoe & Luo. Applying HLDBE conceptual model to technology of innovation and diffusion theories (thus, 
diffusion of innovation, technology-organisation-environment framework, and institutional theory) to examine from 
experts’ opinion the following are the innovations of this study:  
 
i. Expansion of HLDBE framework  
 
ii. Developing a novel MCDM model, thus, an integrated correlation coefficient and standard deviation (CCSD) with 

combined compromise solution (CoCoSo)  to examine from experts factors that are seen as vital elements that could be 
utilised to achieve a collaboration between humanitarian logistics and business logistics organisations to use, adopt, and 
diffuse HLDBE. 

iii. Also, to identify from the experts, which financial medium would aid such a proposed platform (thus, HLDBE) to be 
developed. 

iv. More so, to identify the notable continent in the world that may likely use, diffuse, and adopt HLDBE as a future 
operational tool. 

             
In achieving this objective, an axiological philosophical lens using technology diffusion and adoption driver constructs 
obtained from a cross-sectional quantitative survey questionnaire conducted on corresponding authors whose papers are 
among the top 30 cited papers found in Web of Science database from the period of January 2015 to May 2019 were used. 
 
The structure of the paper is as follows: Section 2 focused on literature review, followed by the expansion of HLDBE as 
section 3, then after the method in section 4; section 5 for application of method; section 6 for results; section 7 for the 
discussion of the results and ends with section 8 as its conclusion. 
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2. Theoretical Background and Literature Review 
 
The literature review focused on factors that may prompt decision-makers operating in humanitarian and business logistics 
organisations to collaborate under a digital ecosystem platform from the perspectives of experts. The articles employed fall 
in the domain of humanitarian logistics, business logistics, digital ecosystem platform, technology innovation and diffusion 
theories, and MCDM. Subsequent sections relate to technology use between humanitarian and business logistics 
organisation actors, followed by technology innovation and diffusion theories dimensions used in examining the perceived 
opinions of experts on the propensity of senior-level executives of HLO and BLC to utilise a digital business ecosystem 
platform like HLDBE. Then after a MCDM, thus and integrated CCSD-CoCoSo MCDM method is used to examine factors 
that are essential and others that need to be improved should a future HLO and BLC actor’s collaboration under a digital 
business ecosystem like HLDBE is developed may serve a sustainable opportunity for their operation. 

2.1 Technology employment in Humanitarian Logistics Organisations and Business Logistics Companies 
 
The growing interdependence of humans, NGOs, governments, and private companies on digital technology globally 
continue to encourage progress and developments in dynamic economies and industries (Marzenna Cichosz, 2018).  It’s 
evident that logistics, transport companies, and humanitarian relief actors cannot do without technology as indicated in 
reports of consultants cited in Marzenna’s and European Parliamentary Research Service Scientific Foresight Unit (STOA) 
works of literature (Capgemini Consulting, 2019; Marzenna Cichosz, 2018). According to the World Economic Forum, it 
is estimated that the growth of logistics digitisation will rise to 1.5 trillion dollars in the year 2025 thereby prompting the 
importance of technology in the beneficiaries/ consumer services sector (WEF, 2016).  Global dynamic operations both in 
business logistics and supply chain, the humanitarian relief sector is changing through the utilisation of digital ecosystem 
platforms. The move to meet the increasing needs of consumers have prompted logistics and supply chain service providers 
to optimize their operations in an agile, cost-efficient, and consumer centred outlook for their business (Dubey R. A., 2017; 
Dubey R. A., 2018; de Camargo Fiorini, 2018; Adner, 2006; Govindan, 2018). Due to such employment, collaborations 
have been made on digital ecosystem platforms with partners, both competitors and non-competitors in leveraging the 
network efforts in meeting beneficiaries and customer’s needs and demand (McKinsey, 2018). Users in the digital 
ecosystem platform harness the vast volume of data generated to create a system for crowdsourcing, capacity sharing, 
efficiency, and cost optimisation, eliminating or minimising waste in operations. Despite these benefits, there seem to be 
some concerns among platform users on issues such as platform dominance, information asymmetry challenges, different 
business models, differences in corporate laws and regulations which serves as a threat to their collaborative ecosystem 
existence (Lenkenhoff, 2018). And yet, digital technology is classified as a useful tool that has started to transform the 
logistics and supply chain industry in many sectors.  
 
Digital technologies used in the humanitarian relief sector also play a significant role in addressing disaster issues globally. 
Since the 2008's, the United Nations has reiterated the importance of harnessing technology to improve global humanitarian 
coordination efforts as beneficiaries affected by disasters depend on aid for their sustenance (UN General Assembly, 2008). 
Significant progress has since been achieved through technology employment in humanitarian operations tailored towards 
addressing transportation routing problems, inventory shortage, and others  (Ragini, 2018).  For example, WFP’s SCOPE 
digital platform and others. Despite the call of its use, the humanitarian field is yet to harness more on the use of digital 
technology for its operations. As a result of that, humanitarian users tend to rely more on commercial logistics and supply 
chain companies on addressing global humanitarian needs (Kabra, 2017). Not only do humanitarian organisations rely on 
commercial logistics companies, but business logistics companies also rely on humanitarian organisations in the event of 
disasters through a joint effort in addressing the challenges they both face. Humanitarian-business actors, practitioners, 
scholars, and policymakers alike have reiterated the need for a humanitarian-business logistics collaborative effort in 
addressing such challenges. Names used for such collaborations are inter-sectoral partnerships, public-private partnership 
(PPP), cross-sector partnership (Nurmala, 2018; Waddell, 1997; Clarke, 2010). Owing to the purpose of addressing internal 
and external problems they face with a focus on mutual centred benefits and adding to the views of Kovacs, Van 
Wassenhove, Beamon, Oloruntoba, Thomas, Nurmala, and others scholars searching for innovative ideas and solutions in 
planning, mitigating, and preventing the impacts of disaster on human lives, economies and businesses in this era of digital 
technology, stressed that another way of addressing that is the use of data-driven digital ecosystem platform (Kovács, 2009; 
Van Wassenhove, 2006; Beamon, 2008; Oloruntoba, 2009; Thomas, 2006; Nurmala, 2017; Baffoe & Luo, 2020; Kabra, 
2017; N. Nurmala, 2018). Despite the importance of leveraging on the collaborative effort of a humanitarian-business 
logistics company, little research has focused on that (Dubey R. a., 2016; Bealt, 2016; Nurmala, 2017; N. Nurmala, 2018). 
This research extends previous research by using technology adoption and diffusion theories to examine the perceived 
opinion of experts in assessing important factors that future prospective users (thus, humanitarian logistics organisations 
[HLO] and business logistics companies [BLC]) may factor prior to their decision to use, diffusion, and adoption of a 
collaborative digital business ecosystem that serve the interest of HLO and BLC actors like the conceptually proposed future 
platform model by (Baffoe & Luo, 2020). 
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2.2 Technology of Diffusion and Innovation Factors for Studying Experts Perceived Opinion on Prospective Users 
Interest to Use, Adopt and Diffuse HLDBE  
 
Empirically examining the perceived interest to use, diffuse and adopt HLDBE among humanitarian and business logistics 
actors as presented by Baffoe & Luo (2020) on “Humanitarian relief sustainability: a framework of humanitarian logistics 
digital business ecosystem”, we use concepts highlighted in Diffusion of Innovation (DOI) theory; Technological-
Organisational-Environmental (TOE) framework, and Institutional theory (Inst’ T). These theories underline the essential 
elements used in soliciting experts' perceived opinion on the importance of HLDBE  future use, diffusion and adoption for 
humanitarian and business logistics sustainability and development (Baffoe & Luo, 2020; Rogers, 1983; Rogers, 2003; 
DiMaggio, 1983; Lee, 2015; Tweel, 2012). Diffusion of Innovation widely used in understanding the beneficial and 
unbeneficial factors of an innovation aids decision-makers in their decision to use, adopt, and diffuse new technologies in 
an organisation. Proposed by Professor Rogers and applied in supply chain, financial, health, and other sectors, its factors 
have been statistically proven to be beneficial in aiding senior managers or donors to make informed decision on an 
innovation trail, use, and diffusion in an organisation (Valente, 2015; Brewer, 2016; Christ, 2016; Appel, 2018; Miranda, 
2016). Based on the advantages of the innovation, persuasive factors not limited to cost minimisation, elimination of waste, 
agility of operations, transparency, accountability, profit, and value driven, risk minimisation and others influence their 
decision of employment. Understanding the pros and cons of the innovation to be employed Roger’s reiterated that relative 
advantage, compatibility, complexity, trialability, and observability are factors that aid in cognitively examining from 
leaders their perceived interest of use, adoption, and diffusion of such innovation for their organisation (Rogers, 1983; 
Rogers , 2003; Rogers, 2010). Focusing on the proposed benefits and concerns that may arise from a collaborative hybrid 
digital ecosystem of humanitarian and business ecosystem as in the case of HLDBE, perceived relative advantage (PRA), 
perceived drawbacks (PDB), perceived security and safety (PSS) concerns were employed to understand the perceived 
opinions of experts. Questions and references used to examine expert’s opinions on the subject are found in Table 1. 
 
 
 
Addressing both internal and external influencing tangible and intangible factors that prompt decision-makers to decide on 
the use, adoption, and diffusion of an innovation, DePietro (1990), developed the framework Technology-Organisation-
Environment (TOE) as an expansion of DOI. With its importance, Gangwar et al. (2015), indicated that managers' 
understanding of organisations resources, structure and capabilities coupled with the environment they operate in, well 
inform their decision on the use, diffusion, and adoption of an innovation. Thus, helping decision-makers to perceive the 
advantages and disadvantages of innovation before its implementation and adoption. Due to it practical implication Zhu 
(2004), Wang (2007), Wang (2010), and Gangwar (2015), TOE was used to assess the perceived interest of senior-level 
managers interest to use, diffuse, and adopt the conceptually developed framework platform (HLDBE) from the internal 
(thus, infrastructure and expertise [IE], Donor/ Top-level management support [DTS]) and external (thus, Normative 
pressure [NP], Law and Governance [LG]) perspective. For more information on the TOE framework see work of 
(Tornatzky, 1990). Related questions posed to experts are found in Table 1. With the important nature of humanitarian 
logistics organisations (HLO) and business logistics companies (BLC) operating in domains that requires attention to 
economic, political, and societal issues, institutional theory (Inst.T) as developed by DiMaggio and Powell (1983), serves 
as essential tool in examining innovation use, diffusion, and adoption. The theory also aids senior level managers to 
understand the micro and macro perspectives associated with organisational structure (OS) and organisational culture (OC) 
of the organisations associated with an ecosystem platform before a decision to join, use, diffuse, and adopt an innovation. 
As applied in the logistics field by (Dubey, 2019; Tsai, 2012). Based on the importance of a collaborative digital ecosystem 
(thus, HLDBE) for HLO and BLC actors in addressing future sustainable issues DOI, TOE, and Inst. T theories were used 
in understanding the internal and external dimensions prompting actors to use, adopt, and diffuse an innovation from the 
perspective experts. Please, see Fig. 2  and Table 1 for references, questions, and scale of measurements used. 

2.3 Multi Criteria Decision Making (MCDM) 
 
The liability and complexity of making wrong decisions by decision-makers and experts prompts an objective evaluation 
method of multiple criterias under consideration (Zavadskas et al., 2009). Sustainability, agility, value creation, and 
developments are pressing issues which are found in all organisations which require consented efforts of diverse actors in 
a network. Several studies in the logistics and humanitarian domain have employed MCDM but not with respect to a hybrid 
humanitarian and business logistics study perspective (Budak et al., 2020; Khan et al., 2018; Kim et al., 2019; Rezaei, 2015; 
Yılmaz & Kabak, 2020). This study seeks to do so. With the diversity of groups of decision-makers in the HLO and BLC 
sector coming under a common collaborative ecosystem platform to address pressing issues and problems confronting them, 
comes to a consensus via their diverse views of criteria and multiple attributes that calls for a compromise solution and 
understanding. Addressing the perceived relative importance given to a decision factor prompting the decision to collaborate 
as in the case of factors found in Table 1, decision makers may weights the multiple attributes either subjectively, 
objectively, or integrate them to form a robust means of decision making (Wang & Luo, 2010). Relying on subjective form 
of decision, weighting methods such as rank order distribution (ROD), point allocation (PA), approximation 
weighting,  Delphi method, and others (Ahn & Park, 2008; Doyle et al., 1997; Hwang & Yoon, 1981; Roberts & Goodwin, 
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2002). Though subjective weighting aided in decision making, scholars advanced such methods by using an objective form 
to determine and evaluate the attributes of weights. Not limited to examples of some objective weighting methods are 
entropy, maximum deviation, standard deviation, ideal point method (Deng et al., 2000; Wang et al., 2020; Wang et al., 
2016; Yejun Xu & Zhijian Cai, 2008). Although objective attribute weighting methods are used, still some subjective 
weighting methods are employed in research. As is the Delphi method employed for obtaining experts' opinion on an 
attribution. To robustly determine experts weights objectively on the attributes to be considered under the HLDBE context 
a hybrid multi-attribute weighting method called correlation coefficient and standard deviation (CCSD) was employed 
(Hanane et al., 2016). See Y.-M. Wang & Luo, (2010) for more details on CCSD weighting method. With the diversity of 
experts making decision on factors to examine users (HLO & BLC) perceived interest to collaborate under a digital business 
ecosystem like HLDBE for future operations, we adopted a multi-criteria decision making (MCDM) combined compromise 
solution (CoCoSo) method to prevent conflicting but objective compromising decision on essential factors prompting such 
use, adoption, and diffusion.  CoCoSo, proposed by Yazdani et al. (2019), has been employed in assessing the progress of 
EU countries on how they are doing on the SDG’s implementation, supplier selection in construction management, and 
others (Stanujkic et al., 2020; Yazdani, Wen, et al., 2019). To ensure a robust MCDM method is employed to examine the 
experts perceived interest, we proposed an integrated CCSD-CoCoSo method to aid in objectively obtaining compromised 
solutions with accurate importance of weights given to criteria and alternatives under study. A subsequent section would 
elaborate on how the integrated CCSD-CoCoSo was employed in this study. 
 
3. Expansion of Humanitarian Logistics Digital Business Ecosystem (HLDBE) Framework 
 
As proposed and developed by Baffoe & Luo (2020), HLDBE is a digital collaborative business ecosystem that integrates 
humanitarian and business logistics activities together to sustain and create value among each other using new generational 
technologies. Their assertion was the need to harness each actor’s expertise and resources to serve their needs. Though their 
conceptual framework and concept may serve as another operational tool, it is still in the initial stage. In an effort to expand 
the framework, we developed a new framework to describe the HLDBE with its constituents to illustrate the ongoing study 
for finding an innovation for addressing humanitarian business logistics related problems. Below is the developed diagram 
found in Fig. 1.  
 

 
 Fig. 1. An update of HLDBE (previously proposed by Baffoe & Luo, 2020). Source: This figure was proposed by Authors. 
Created with Draw.io software 
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Table 1 
Factors and it Associated Questions 

Theory/ Framework Factors Definition Measurement Scale References 

Diffusion of 
Innovation Theory 

Perceived Relative 
Advantage (PRA) 

The operational, functional, 
environmental, and economic benefits 
to be derived from HLDBE platform as 
against traditional system employed 

* & ** 

(Rogers E. M., 2003; 
Rogers E. M., 1983; 
Tweel, 2012; Lee, 
2015; N. Nurmala, 
2018; Davis, 1989; 

Schnall, 2015; 
Bienstock, 2010; 

Gawer, 2014; Moore, 
1993; Tiwana, 2013) 

Perceived Safety and 
Security (PSS) 

Safety and security issues  such as 
transparency, accountability, data 
security risk, and others that may pose 
as an obstacle in adopting HLDBE by 
prospective users  

*** & ** 
(Xie, 2017; Schnall, 
2015; N. Nurmala, 
2018; Shin, 2013) 

Perceived Drawbacks 
(PDB) 

Platform dominance, competition, 
corporate/ organisation culture, 
information asymmetry, and costs of 
acquisition of the HLDBE that may 
prevent prospective HLDBE users 
from diffusion and adoption 

* & ** 

(Johnson, 2018; Lee, 
2015; Tweel, 2012; 

Rogers E. M., 2003; de 
Vasconcelos Gomes, 
2018; N. Nurmala, 

2018; Nurmala, 2017; 
Beamon, 2008; Rogers 
E. M., 1983; Kapoor, 
2014; Moore, 1993) 

Technology-
Organisation-

Environment (TOE) 
Framework 

Donor/ Top-Level 
Management Support 

The propensity of donor/ top-level 
management support of HLDBE ** (Ho, 2017; Tarofder, 

2017; Tashkandi, 
Infrastructure and 

Expertise (IE) 
Hardware (cable network, broadband, 
and satellite internet connectivity, and *** & ** (Low, 2011; Wang, 

2010; Schumann-
Law and Governance 

(LG) 
Organisation/Corporate laws, local and 
international legislative laws governing ** & *** (Lenkenhoff, 2018; 

Beamon, 2008; 

Normative Pressure 
(NP) 

Industry regulators (for example, 
industry or trade associations, non-
government organization's 
associations) would pressure 
humanitarian -business logistics actors 
to adopt HLDBE. 

** (DiMaggio, 1983; Lee, 
2015; Tweel, 2012) 

Institutional Theory 

Organisational Culture 
(OC) 

Organization culture type suitable for 
Humanitarian Business Logistics **** (Ouchi, 1980; Lee, 

2015; Cameron, 2006) 

Organisational Structure 
(OS) 

Organizational structure type that 
would not be suitable for 
Humanitarian- Business Logistics 
actors to collaborate through the 
adoption of HLDBE 

***** (Ouchi, 1980; Lee, 
2015; Cameron, 2006) 

 
Symbol Measurement Scale 

* 1 = Very Negative; 2 = Negative; 3 = Neutral; 4 = Positive; 5 = Very Positive. 
** 1 = Strongly Disagree; 2 = Somewhat Disagree; 3 = Neither Agree nor Disagree; 4 = Somewhat Agree; 5 = Strongly Agree. 

*** 1 = Not at all important; 2 = Low importance; 3 = Neutral; 4 = Very important; 5 = Extremely important. 
**** 1 = Clan; 2 = Adhocracy; 3 = Hierarchy; 4 = Market; 5 = Other. 
***** 1 = Functional; 2 = Divisional; 3 = Matrix; 4 = Other. 

 
The concept of big data analysis, blockchain, AI all part of a new generational technology have been developed and 
employed to improve traditional logistics mode of operations to a dynamic and digital means of operations (Baharmand & 
Comes, 2019; Dubey et al., 2020; Govindan et al., 2018; Lalicic & Weismayer, 2021; Papadopoulos et al., 2017; Schmeiss 
et al., 2019). Blockchain serving as a digital secure and recorded transactional ledger system utilised  among different 
entities has been a more protective way to safeguard data, reduce transaction cost, encourage transparency, and 
accountability in a chain (Baharmand & Comes, 2019). Also, serving as an unmanipulated transactional system for 
decentralising of digital financial instruments for both rural and urban entities (Chapiro & Bedi, 2021). A system has been 
adopted by UNICEF using the Ethereum smart contract blockchain platform to encourage transparency, efficiency, and 
trust among trading partners (Lomazzo & Hydary, 2020). Based on its concept and utilisation, Blockchain could be an 
essential value in the development of HLDBE collaborative digital systems. The traditional mode of communication and 
transactional deals among humanitarian or business logistics companies were based on paper or electronic mode which 
were not deemed as secure. Thereby prompting data risks, high cost of transactions, transparency, and accountability issues 
among inter-cluster actors or collaborators in a chain. A major concern for donors, shareholders, and business owners. The 
important aspect of humanitarian organisations and business logistics actors collaboration is the reliance on secure and 
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reliable information, and failure of that results in already mentioned challenges (Baharmand & Comes, 2019). Finally, 
blockchain, an element of the HLDBE proposed digital system, can assist in the secure, smooth, cost efficient, transparent, 
accountable transaction and communication between humanitarian and business logistics actors. Data obtained from the 
collaborative digital system needs digital analytics for decision-making. 
 
Big Data Analytics (BDA) used in the updated HLDBE is another evolutionary tool utilised in the 21st century for addressing 
internal and external problems facing both humanitarian and business logistics organisations. Problems stemming from 
disaster related issues affecting humanitarian organisations. Issues such as the lack of survival needs assessment tool, poor 
management, lack of proper coordination and collaboration tools, transportation route inaccessibility, information 
asymmetry challenges, and others all arising from the coordination and collaboration of various actors during a disaster 
(Dubey et al., 2018; Nasereddin & A L-Khraishah, 2020; Noori & Weber, 2016; Soneye, 2014). Based on the advantageous 
nature of BDA the ability to obtain structured and unstructured data from GPS, sensors, tracks, smart devices, RFID’s, POS, 
and others smart devices in real-time for informed decisions and projections is achieved (Sanders & Ganeshan, 2015; 
Wamba et al., 2017). Thus, BDA aids in the effective, efficient, and quality processing of data for users' strategic and 
operational needs (Hazen et al., 2014). As a result, this has prompted several humanitarian and logistics organisations to 
explore its potential and benefits (KIRON et al., 2014; Srinivasan & Swink, 2018). Another competitive advantage tool for 
firms and organisations information and capabilities employed internally and externally for performance, development, and 
live saving (Akter et al., 2016; M. Gupta & George, 2016; Ravichandran et al., 2005; Wamba et al., 2017). Although, the 
application of a secure channel of information and transactional flow via blockchain with the analytics of that information 
for decision making, a good analysis of consumer, beneficiaries, weather patterns using artificial intelligence (AI) paves 
way for a broader system of value for its users. As in the case of HLDBE. Artificial intelligence employment has aided in 
the automation of operations and forecasting (Dilmegani, 2020; Kuprenko, 2019; Lalicic & Weismayer, 2021). Employed 
in automation of warehouses, vehicles, and smart roads which provides drivers with real-time traffic, accident, route 
optimisation, and weather report to avert delay, cost, and lives. More so, based on its powerful algorithm processing it can 
also identify errors and contractual risky clauses using previous patterns of information so as to prevent any loss of cost and 
time. Also, noted for its ability to understand consumer demands and preferences used to predict and offer customized 
services that encourage trust among customers and firms/ organisations (Kuprenko, 2019). Based on the important elements 
blockchain, big data analytics, and AI present to helping both users and actors in the humanitarian and business logistics 
field, we developed this update of HLDBE to indicate how a digital collaborative ecosystem can better serve the 
humanitarian organization and business logistics organization in resource and capacity utilisation, decision-making, 
reduction of cost, value creation, risk minimization, transparency and trust among themselves and their partners in were 
they operate. The proposal of this platform seeks to integrate and bring both actors to collaborate in gaining value that can 
help the ecosystem (HLDBE) to generate funds based on the values it brings to them in an effort to save and utilize when a 
disaster arises. Another way to also help traditional organisations to move from the traditional mode of operation to an 
advanced mode which benefits them. Additionally, we proposed that, such a platform when in operation can also be used 
to identify resources that may be promptly needed in an event of a disaster as human resources, capacities can be easily 
identified from a network of chained actors. Also, the AI can aid in the identification and linkage of essential actors such as 
the customs on current laws that may benefit the HLDBE users. While cloud computing serves as a universal means of 
storage that can be accessed anywhere when needed. In effect standardisation will be achieved  between and among 
themselves during their  operation and communication in the HLDBE  system. Based on the ongoing study the formation 
of the platform actors (thus, owners, members, and regulator(s)) is illustrated in  Fig. 2. 

 
Fig. 2. HLDBE Architecture, Sources: Authors, Created by Draw.io software 
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The aim of this study is to help understand and examine experts’ perspectives on users’ perceived interest to collaborate 
under a digital platform using HLDBE as a case. Secondly, to understand the factors that have a substantial effect on HLDBE 
use, diffusion and adoption for future sustainability developments for both the humanitarian organisations and business 
logistics users. More so, to identify financial mediums that can aid in the development and sustainability of the proposed 
HLDBE platform coupled with continents that may likely be using, adopting, and diffusing such systems for future 
sustainable operation. 
 
4. Development of an Integrated Correlation Coefficient and Standard Deviation - Combined Compromise Solution 
(CCSD-CoCoSo) Method 
 
4.1 Mathematical Formulation for integrated correlation coefficient and standard deviation - combined compromise 
solution (CCSD-CoCoSo) Method 
 
Table 1  
Nomenclature 𝜎   𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑟𝑖𝑡𝑖𝑒𝑟𝑖𝑜𝑛 𝑗 𝑅   𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑒𝑛𝑡 𝑜𝑓 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑗 𝑤   𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛  𝑗 𝑥  𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑚𝑎𝑡𝑟𝑖𝑥 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑗 𝐸  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖 𝑟  𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑟𝑎𝑡𝑖𝑛𝑔 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑗 𝑓𝑜𝑟 𝑖𝑡𝑠 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑆  𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑐𝑜𝑚𝑝𝑎𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖 𝑃  𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑜𝑤𝑒𝑟 − 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑐𝑜𝑚𝑝𝑎𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖 𝑘  𝑎𝑟𝑖𝑡ℎ𝑚𝑒𝑡𝑖𝑐 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑠𝑢𝑚𝑠 𝑜𝑓 𝑆  𝑎𝑛𝑑 𝑃  𝑠𝑐𝑜𝑟𝑒𝑠 𝑘  𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑐𝑜𝑟𝑒𝑠 𝑜𝑓 𝑆  𝑎𝑛𝑑 𝑃  𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑏𝑒𝑠𝑡 𝑘  𝑡ℎ𝑒 𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑐𝑜𝑚𝑝𝑟𝑜𝑚𝑖𝑠𝑒 𝑠𝑐𝑜𝑟𝑒𝑠 𝑜𝑓 𝑆  𝑎𝑛𝑑 𝑃  𝑚𝑜𝑑𝑒𝑙𝑠 𝑎𝑛𝑑 𝜆 = 0, 0.5, 1 𝑘  𝑓𝑖𝑛𝑎𝑙𝑠 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑 for the CoCoSo model 
 
Following the guidelines by Wang and Luo (2010) on obtaining experts weights for the criterion j, the weight  (𝑤 ) was 
used in the CoCoSo model to obtain the ranking scores computed from the expert’s perceived opinion. The CoCoSo model’s 
modus operandi was followed by Yazdani, Zarate, et al. (2019). Nonetheless, based on the normalisation of criteria values 
for both the benefit criterion and cost criterion, our study only utilised the benefits criterion as there were no cost criterion 
to normalised as indicated in the work of (Yazdani, Zarate, et al., 2019). Please, see the equations used for both CCSD-
CoCoSo below from equation 1 to Eq. (11) and its nomenclature found in Table 2.   
 
Correlation Coefficient and Standard Deviation (CCSD) 
 𝑚𝑖𝑛 𝑊 − 1 − 𝑅            ∑ 𝜎 1 − 𝑅  

 
(1) 

subject to  𝑊 = 1 
(2) 𝑊  ≥ 0, 𝑗 = 1, … ,𝑚. (3) 

 
Combined Compromise Solution (CoCoSo)  

1. Decision making matrix 

 𝑥 = 𝑥 𝑥 …𝑥 𝑥 …… … …   𝑥𝑥…   𝑥 𝑥   … 𝑥 ;  i =1, 2, …, m;  j =1, 2, …, n.    
(4) 

 
 
2. Normalisation of criteria values 
 𝑟 =   𝑥 −𝑚𝑖𝑛 𝑥𝑚𝑎𝑥 𝑥 − 𝑚𝑖𝑛 𝑥  

 
(5) 
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(6) 𝑃 = 𝑟 , (7) 

𝑘 =  𝑃 +  𝑆∑ 𝑃 + 𝑆 ,   (8) 

𝑘 =  𝑆𝑚𝑖𝑛 𝑆 + 𝑃𝑚𝑖𝑛 𝑃 ,    (9) 

𝑘 =  𝜆 𝑆 + 1 − 𝜆 𝑃𝜆𝑚𝑎𝑥 𝑆 + 1 − 𝜆 𝑚𝑎𝑥 𝑃 ;  0 ≤ 𝜆 ≤ 1.   (10) 

𝑘 = (𝑘 𝑘 𝑘 ) + 13 (𝑘 + 𝑘 + 𝑘 )   (11) 

 
 
 

5. Application of CCSD- CoCoSo Method 
 
 

5.1 Inter-rater Reliability Check 
 
 

Checking for inter-rater, two researchers (Z.S.H)  and (W.M.J) both masters students in the logistics field independently 
searched the contact details based on the searching strategy and researcher (B.O.K.B) a doctoral candidate reviewed and 
adjusted for any inconsistency in the searched data as deposited in Harvard Dataverse (for contacts data searched see 
Blinded for peer review purpose). The contact details of the experts were publicly obtained as it was found on their 
published papers. Nonetheless, we also raise a caution that this method is only for publicly accessed information and not 
for personal contacts that the participants have not shared online. Contrary to publicly shared contacts, researchers are 
advised to respect respondents’ rights and anonymity, by seeking their consent before publicly publishing them (Smith, 
2003). Using IBM SPSS 24 the intra-rater judgment score was [intra-class correlation coefficient (ICC):0.723; 95% 
confidence interval (CI): 0.661-0.773 with p-value < 0.000]. Thus, making the researchers’ collated contact details well-
searched information as its strength of agreement is substantial, and it meets Kappa’s statistics range of 0.61–0.80 for 
substantial agreement (Landis, 1977). The unit of analysis used were the experts in the various fields used for this study. 

 5.2 Research instrument 

The instrument was adopted and revised from the works of (Tweel, 2012; Lee, 2015). Their validated work focused on 
cloud computing adoption while this study focuses on humanitarian-business logistics under a digital business ecosystem 
called HLDBE. Validating the instruments, a pre-test and post-test were conducted via SurveyMonkey online survey 
platform. Two professors from the humanitarian logistics domain, a professor of logistics and supply chain, one professor 
of institutional theory and three non-logistics domain experts pre-tested and post-tested the instruments to meet the study’s 
scope, content validity, coherence, logic, clarity, and simplicity of questionnaire instruments in reducing respondent burden, 
grammar errors. The survey was conducted after the above processes. 

5.3  Sample design  

Obtaining the required sample size is an essential part to ensure the rigor and quality of the study. A purposive sampling 
method was employed to solicit from experts their depth of knowledge in their fields of expertise with technology adoption 
and diffusion theories used in developing the model to be tested (Tongco, 2007). Despite the concern of its non-random 
selection bias, it is proven that it can provide reliable and robust data for a study (Topp, 2004; Patton, 2014).         

 5.4 Data screening and pre-analysis          

The data was clean, processed, and analysed by Microsoft Excel, IBM SPSS 24. SPSS was used to assess, and correct 
normality, missing values, and outliers to ensure the data is clear from possible statistical error and bias that may hinder the 
objectiveness of the result.  

5.5 Screening process and strategy for contact details 
 

Respondents information was obtained via Web of Science database using Database: “Web of Science”; Search keywords 
(searched separately): “humanitarian logistics”, “logistics management”, “logistics management platform”, “supply chain 
management”, “supply chain management platform” , “business ecosystem”, ”business ecosystem platform”, “digital 
business ecosystem”, ”big data analytics”, ”diffusion of innovation”, ”institutional theory”, “technology, organization, 
environment framework”; Search field: “Topic”; search period: “1st January 2015 - 1st September 2019”; Datatype: 
“Articles”; Selection language: “English”; Conditional search strategy used (only if search results is more than 10,000): 
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“Open Access” was selected; Paper selected based on: “Top 30 cited papers on their Total citation score”. Experts were 
chosen because they predominantly serve as consultants and advisors to policymakers and practitioners on issues of interest 
and concern relating to specific field as is the case of HLO and BLC industry.  

 5.6 Sample size, data collection, and data analytical methods 

A total of 330 contacts was obtained from the survey; nonetheless, duplicated contacts of 19 authors were removed from 
the search to arrive at a total sample size of 311 for the study. From the administered study, 11.57 % (36/311) response rate 
was obtained with a non-respondent rate of 88. 43% (275). It was observed that most emails provided by authors of the 
papers used for this study might have been inactive or have changed their place of work, thereby rendering their previous 
mail used in their publication inactive. Despite the obtained sample of 36, 1 respondent indicated “NO” to not qualifying 
for the study, making it a total of 35 respondents. After checking for missing data, responses from participants with 80% or 
more missing data were removed to have good objective data for analysis bringing the total sample size to 28. The survey 
was conducted from August 2019 to January 2020. 
 
6. Results 
 

An analysis and summary of respondents’ demographic attributes in terms of their gender, region, current position, work 
years and work expertise are discussed. From the response for work years, majority of the respondents (39.3%) had 5-9 
years working experience in the fields they find themselves in, 10-14 years’ experience (32.1%), 15-19 years and 0- 4 years 
all had 10.7%, and 7.1% of the respondents had more that 20 years of working experience in their field of expertise. 
Furthermore, Associate Professors were the largest respondent in this study with 32.1%, followed by Professors (25%), 
Postdoctoral Research Assistantship/ Fellowship (14.3%), Other expert positions in the form of Assistant Professors and 
Adjunct Professors (10.7%), with Assistant/ Associate Lecturers and Senior Lecturers all having a 7.1%, and doctoral 
student with a score of 3.6%. Because the expertise can specialize in different fields, the research expertise question was a 
multiple response question. Please, see Table 3 for summary of respondent’s demographic used with its associated 
frequency and percent scores. 

Table 3 
Respondent’s demographics 

Item Frequency Percent Item Frequency Percent 
Expert Location According to Region   Continent Likely to Use, Diffuse, and Adopt HLDBE * 

Africa 1 3.6 Asia 16 66.70 
Asia 8 28.6 Africa 9 37.50 
Europe 12 42.9 Europe 11 45.80 
Oceania 1 3.6 North America 12 50.00 
North America 3 10.7 South America 6 25.00 
South America 3 10.7 Oceania 7 29.20 

Expert Designation   Gender   
Doctoral Student 1 3.6 Male 22 78.6 
Postdoctoral Research Assistantship/ Fellowship 4 14.3 Female 6 21.4 
Assistant or Associate Lecturer 2 7.1    
Senior Lecturer 2 7.1    
Associate Professor 9 32.1    
Professor 7 25    
Other (please specify) 3 10.7    

Area of Expertise of Expert *      
Humanitarian Logistics 4 14.30    
Logistics Management 8 28.60    
Supply Chain Management 12 42.90    
Business Ecosystem 9 32.10    
Supply Chain Management Platform 4 14.30    
Logistics Management Platform 1 3.60    
Business Ecosystem Platform 6 21.40    
Big Data Analytics 9 32.10    
Diffusion of Innovation 5 17.90    
Institutional Theory 1 3.60    
Technology-Organization-Environment (TOE) 5 17.90    

Financial Support to Establish the HLDBE *      
Philanthropist 13 52.00    
Company / government Donors 16 64.00    
Crowdfunding 14 56.00    
Venture Capital 8 32.00    
Banks 4 16.00    
Angle Investors (individual entrepreneur with a net 4 16.00    

Note: The symbol * indicates that the question category was a multiple question categor 
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The examination of expert’s perceived opinion on factors that may prompt future use, diffusion, and adoption of HLDBE 
by prospective users were done following these steps and the employment of CCSD-CoCoSo methods, as shown in Fig. 3. 
The analysis was done with Microsoft Excel software. 
 
6.1 Schematic Diagram 
 

 
Fig. 3.  Overall procedure for expert’s section and ranking of alternatives, Source: Authors. Created by Draw.io 

Software 
 

Factors used for the evaluation are shown in Fig. 2. HLDBE Architecture, Sources: Authors, Created by Draw.io software 
Table 1 and decision-making matrix serving as data regarding the expert’s considered indicators for the perceived interest 
of users to use, diffuse, and adopt HLDBE are found in Table 4. 
 
Table 4 
Initial decision-making matrix according to Expert’s opinion on user’s  propensity to use, diffuse, and adopt HLDBE 𝒙𝒊 PRA PDB DTS OC OS NP LG IE PSS 

X1 3.738 3.000 3.000 5.000 4.000 3.000 3.000 2.625 3.333 
X2 3.500 3.167 3.000 2.000 3.000 4.000 3.833 3.375 4.333 
X3 3.500 3.833 3.667 4.000 3.000 4.000 3.333 3.500 4.667 
X4 4.136 3.000 4.000 3.000 3.000 4.000 3.833 4.250 4.000 
X5 3.773 2.939 3.751 2.680 2.600 3.188 3.851 3.996 4.292 
X6 3.818 4.000 4.667 3.000 2.000 3.000 4.667 4.500 4.333 
X7 4.591 2.333 5.000 1.000 2.000 2.000 4.000 3.750 4.667 
X8 4.227 4.167 3.667 4.000 2.000 5.000 4.000 4.375 4.000 
X9 4.818 3.833 4.333 1.000 4.000 5.000 4.000 3.875 3.000 

X10 4.773 3.833 4.000 2.000 3.000 3.000 4.333 4.250 5.000 
X11 4.591 4.167 4.000 3.000 3.000 4.000 4.167 4.270 4.000 
X12 4.545 2.333 4.000 1.000 1.000 3.000 3.500 4.000 5.000 
X13 4.409 2.833 4.000 2.680 2.600 4.000 4.000 3.625 3.667 
X14 4.364 3.167 2.000 2.000 3.000 4.000 3.667 3.750 4.333 
X15 4.636 2.667 2.667 4.000 3.000 3.000 3.667 4.500 5.000 
X16 4.818 3.667 4.000 4.000 2.000 4.000 3.333 3.625 4.000 
X17 4.636 2.500 3.000 2.000 3.000 1.000 4.000 3.625 4.333 
X18 4.318 2.605 4.000 2.000 2.000 4.000 3.824 3.896 4.244 
X19 5.236 3.333 4.333 2.000 3.000 4.000 4.333 4.500 5.000 
X20 4.682 3.833 3.333 2.000 2.000 3.000 3.500 3.500 4.464 
X21 4.773 3.667 4.000 3.000 1.000 4.000 3.833 3.750 4.000 
X22 5.273 3.167 4.000 3.000 2.000 2.000 3.667 3.875 3.667 
X23 4.545 2.667 4.000 3.000 2.000 3.000 3.500 4.375 4.000 
X24 4.091 3.333 2.333 3.000 3.000 2.000 3.667 3.625 4.333 
X25 4.909 3.333 3.667 4.000 3.000 4.000 3.667 3.750 4.000 
X26 4.818 2.833 3.333 2.000 4.000 4.000 3.833 3.750 4.000 
X27 4.591 1.779 2.428 2.680 2.600 1.083 3.201 3.897 4.901 
X28 4.864 3.333 4.000 2.000 2.000 4.000 3.833 4.000 4.333 

 Source: Computed by Authors. 
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Table 5 
Normalised decision-making matrix 𝑬𝒊 Weights Optimisation PRA PDB DTS OC OS NP LG IE PSS 

E1 0.046 0.469 0.158 0.158 1.000 0.579 0.158 0.158 0.000 0.298 
E2 0.036 0.643 0.500 0.429 0.000 0.429 0.857 0.786 0.589 1.000 
E3 0.054 0.300 0.500 0.400 0.600 0.000 0.600 0.200 0.300 1.000 
E4 0.086 0.909 0.000 0.800 0.000 0.000 0.800 0.667 1.000 0.800 
E5 0.036 0.693 0.200 0.680 0.047 0.000 0.347 0.739 0.825 1.000 
E6 0.054 0.682 0.750 1.000 0.375 0.000 0.375 1.000 0.938 0.875 
E7 0.054 0.898 0.333 1.000 0.000 0.250 0.250 0.750 0.688 0.917 
E8 0.076 0.742 0.722 0.556 0.667 0.000 1.000 0.667 0.792 0.667 
E9 0.036 0.955 0.708 0.833 0.000 0.750 1.000 0.750 0.719 0.500 

E10 0.023 0.924 0.611 0.667 0.000 0.333 0.333 0.778 0.750 1.000 
E11 0.029 1.000 0.733 0.629 0.000 0.000 0.629 0.733 0.799 0.629 
E12 0.013 0.886 0.333 0.750 0.000 0.000 0.500 0.625 0.750 1.000 
E13 0.032 1.000 0.129 0.774 0.044 0.000 0.774 0.774 0.567 0.590 
E14 0.048 1.000 0.494 0.000 0.000 0.423 0.846 0.705 0.740 0.987 
E15 0.054 0.844 0.000 0.000 0.571 0.143 0.143 0.429 0.786 1.000 
E16 0.035 1.000 0.591 0.710 0.710 0.000 0.710 0.473 0.577 0.710 
E17 0.040 1.000 0.413 0.550 0.275 0.550 0.000 0.825 0.722 0.917 
E18 0.024 1.000 0.261 0.863 0.000 0.000 0.863 0.787 0.818 0.968 
E19 0.015 1.000 0.412 0.721 0.000 0.309 0.618 0.721 0.772 0.927 
E20 0.022 1.000 0.684 0.497 0.000 0.000 0.373 0.559 0.559 0.919 
E21 0.025 1.000 0.707 0.795 0.530 0.000 0.795 0.751 0.729 0.795 
E22 0.032 1.000 0.356 0.611 0.306 0.000 0.000 0.509 0.573 0.509 
E23 0.024 1.000 0.262 0.786 0.393 0.000 0.393 0.589 0.933 0.786 
E24 0.049 0.896 0.571 0.143 0.429 0.429 0.000 0.714 0.696 1.000 
E25 0.034 1.000 0.175 0.349 0.524 0.000 0.524 0.349 0.393 0.524 
E26 0.038 1.000 0.296 0.473 0.000 0.710 0.710 0.651 0.621 0.710 
E27 0.041 0.919 0.182 0.352 0.418 0.397 0.000 0.555 0.737 1.000 
E28 0.016 1.000 0.466 0.698 0.000 0.000 0.698 0.640 0.698 0.815 

Source: Computed by Authors. 

Calculating weight and normalisation of the decision matrix  were done using Eqs. (1-3) (for the weight using CCSD) and 
Eqs. (4-5) for the normalised decision matrix. Compilation can be found in Table 5. Analysing the aggregation of weighted 
comparability sequence (Si) and aggregation of power-weighted comparability sequence (Pi) Eqs. (6 -7) were employed, 
while Eq. (8) was used to obtain the summation of the arithmetic mean (kia) for Si and Pi scores, the sum of relative scores 
(kib) of Si and Pi compared to the best were done using Eq. (9) and the balanced compromised scores (kic) of Si and Pi models 
using 𝜆 = 0, 0.5, 1 were obtained by equation 10. See Table 6 for details. 

Table 6  
Calculation details obtained using the CoCoSo method 

  Si Pi Kia Kib Kic 
PRA 0.9160 27.7930 0.1335 6.7620 1.0000 
PDB 0.4272 25.3292 0.1198 4.2232 0.8972 
DTS 0.5979 25.4333 0.1210 5.0443 0.9067 
OC 0.3080 14.4269 0.0685 2.7131 0.5132 
OS 0.2102 11.5645 0.0547 2.0000 0.4101 
NP 0.5532 23.4287 0.1115 4.6584 0.8353 
LG 0.6787 27.4371 0.1307 5.6018 0.9793 
IE 0.7389 26.6297 0.1272 5.8185 0.9533 
PSS 0.8725 27.7386 0.1330 6.5500 0.9966 

Source: Computed by Authors. 

The final ranking based on the relative performance score (ki) from the perceived opinion of the experts using the CoCoSo 

model was done using Eq. (11) and can be found in Table 7.         

Table 7  
Ranking of expert’s opinion on user’s propensity to use, diffuse, and adopt HLDBE for their future sustainable operations 

 )iFinal score (k Ranking 
PRA 3.5982 1 
PDB 2.5151 7 
DTS 2.8451 5 
OC 1.5552 8 
OS 1.1771 9 
NP 2.6255 6 
LG 3.1324 4 
IE 3.1900 3 

PSS 3.5139 2 
Source: Computed by Authors. 
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Graphically illustrating the ranking of the CoCoSo method divided by the sensitivity test is shown in Fig. 4 and the 
associated impact of coefficient λ to kic are displayed in Fig. 5.  

 
Fig. 4. Graphical ranking of CoCoSo method divided by sensitivity test. Source: Computed by Authors. Created by 
Microsoft Excel 
 

 
Fig. 5. Impact of coefficient λ on kic. Source: Computed by Authors, Created by Microsoft Excel 
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Based on the assumption that collaboration of HLO and BLC using advance technology to address humanitarian 
sustainability issues as importance (Beamon & Balcik, 2008; Dubey et al., 2020; Dubey, Gunasekaran, Childe, Roubaud, 
et al., 2019; Van Wassenhove, 2006;Kovács, 2009; Van Wassenhove, 2006; Oloruntoba, 2009; Thomas, 2006; Nurmala, 
2017; Baffoe & Luo, 2020; Kabra, 2017; N. Nurmala, 2018; Cozzolino, 2021), our study aimed to examine experts’ opinion 
on factors that would prompt prospective users (thus, HLO and BLC actors) to collaborate under a digital business 
ecosystem like HLDBE. Evaluating the perceived expert’s opinions, diffusion of innovation theory, technology-
organization-environment (TOE) framework, and institutional theory factors were employed to ascertain the essential 
factors that prompt prospective users to use, diffuse, and adopt HLDBE for their future sustainable operations. As can be 
seen applying the CCSD-CoCoSo model it was interestingly observed from the obtained results that experts believe the 
perceived relative advantage (PRA) of HLDBE is very essential for humanitarian logistics organisations and business 
logistics companies to collaborate under a digital business ecosystem platform (Cozzolino, 2021). However, their collated 
view indicates that organisational culture (OC) of these actors (thus, HLO and BLC different cultures) have less effect on 
their decision. As researchers it was very interesting to know that the culture factor has less significant influence on users 
propensity to use, diffuse, and adopt HLDBE as it goes against the conflicting norm of both actors (HLO culture focusing 
on saving lives while BLC on profit making) (Kovács & Spens, 2007; Nurmala et al., 2017). Although this results stressed 
so, it is very early to state if organisational culture (OC) has less effect on decision-maker’s decision to adopt or diffusion 
of HLDBE for future operational use. We believe more empirical study is needed to ascertain from the perceived interest 
of prospective users their interests. Using the CCSD-CoCoSo method approach, experts believed that the future use, 
adoption, and diffusion of a platform such as HLDBE is inevitable, but factors used need to be paid attention to. A summary 
of the detailed ranking and scores are found in Table 7. 
 
7. Discussion 
 

Prior studies have documented the importance of humanitarian logistics organisation and business logistics companies 
collaborating under a digital ecosystem platform (Baffoe & Luo, 2020; Cozzolino, 2021) in addressing humanitarian 
logistics sustainability issues; Cozzolino, for example, reports that platform enables business logistics actors to collaborate 
in humanitarian relief response. Nonetheless, these studies have focused attention using case study and literature review to 
elaborate on the importance of HLO and BLC collaboration under a platform. In our study we updated the HLDBE 
framework by Baffoe & Luo (2020), then proposed and employed an integrated CCSD-CoCoSo method to examine the 
perceived expert’s opinion on factors that would prompt prospective users to use, adopt, and diffuse a digital business 
ecosystem like HLDBE using technology of innovation theories. Using the CCSD-CoCoSo method, we found that perceived 
relative advantage (PRA), perceived security and safety (PSS), and Infrastructure and expertise (IE) are the top three 
influencing factors that experts believe plays a big role in the use, adoption, and diffusion of HLDBE. Findings from the 
study indicates that experts ranked PRA as the top factor confirming the importance of collaboration, risk, and co-evolution 
of value actors can leverage from each other from a digital business ecosystem like HLDBE when inception. These findings 
extend those of (Kayikci, 2018), confirming that logistics digitisation encourages collaboration, economic , and 
environmental sustainability; (Ebinger & Omondi, 2020), on sustainability and transparency encouraged by employing 
digital approach; (Giuffrida & Mangiaracina, 2020), incorporating of green practices for sustainability of logistics in an 
organisation; (Dubey et al., 2020; Dubey, Gunasekaran, Childe, Roubaud, et al., 2019; Papadopoulos et al., 2017), 
enhancing the optimisation of operations, encouraging trust among diverse actors, risk reduction, and prompt decision 
making for beneficiaries and consumers using digital technology like big data analytics and blockchain. Also, improvements 
noted from our enquiry were unrelated to a specific geographical demographics background. Our study therefore stressed 
on the benefits a hybrid HLDBE platform obtained from a collaborative digital ecosystem platform may help to address the 
current and future needs of HLO and BLC actors in different geographical locations. Secondly, findings from our study 
indicates that perceived safety and security (PSS) was the second top ranked factor considered as essential for the propensity 
to employ, adopt, and diffuse HLDBE for prospective user’s future operations. This affirms, (Foege et al., 2019) work on 
concerns different actors face in an open innovation platform. Safety and security concerns such as transparency, 
accountability, and others found in an open innovation platform of actors are issues that need attention. Though advance 
technology such as blockchain (Dubey et al., 2020), big data analytics (Dubey, Gunasekaran, Childe, Roubaud, et al., 2019; 
Govindan et al., 2018; Papadopoulos et al., 2017; Waller & Fawcett, 2013; Zhong et al., 2015) and other technologies 
fostering safety, security, accountability, and transparency (Khan et al., 2019) in a platform system, this is a clear indication 
of the essence of safety and security concerns when designing HLDBE for users. Infrastructure and expertise (IE) were the 
third essential factor, expert’s reiterated on for a collaborative digital ecosystem platform to be used, diffused, and adopted 
for future use. The study affirms UN’s indication of utilising partnership from diverse sectors such as the logistics industry 
to support infrastructure and innovation as enshrined in UN’s SDG 9 (UN-DESA, 2015). Also, the study supports 
(Schumann-Bölsche, 2018) the availability of needed expertise and infrastructure helps to complement deficiencies HLO 
and BLC face. Although IE are essential, we noted that not all continents or countries are endowed with such resources. 
Therefore, making it an important criteria stressed by the experts to be factored on should beneficiaries and consumer 
preferences enshrined in organization development and growth be addressed. In addition, the study stressed that law and 
governance is essential after PRA, PSS, and IE are addressed. This also confirms the studies of (Beamon, 2008; Nurmala, 
2017; OCHA, 2012; IASC, 2008; Lenkenhoff, 2018) on the essence of a common ethical law that would govern the 
platform. Concurrently, results from the study indicate that donor and top-level management support (DTS) ranked as the 
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fifth essential factor in prompting the use, adoption, and diffusion of a technology innovation. Affirming that, (Lian et al., 
2014) study reiterated on the essence of internal and external factors that may prompt decision-makers to use, adopt, and 
diffuse a digital ecosystem like HLDBE. Thus, a platform that would encourage the development, protection, risk reduction, 
and growth of the organisation using innovative technologies, expertise with associated laws to safeguard its employment. 
Contrary to that, the propensity to use, diffuse, and adopt HLDBE would be difficult as it may not serve the value, protection, 
and is governed by law associated with their operations. 

Noted from the study, normative pressure (NP) was ranked as the sixth essential factor that prompted a future prospective 
user to use, adopt and diffuse an HLDBE when in use. Though experts believe HLDBE may serve as a beneficial digital 
ecosystem platform for HLO and BLC actors, not all actors may likely use, adopt, and diffuse HLDBE for their future 
operation. Although, such may be the case, the study indicates that the influence of industry associations or organisations 
such actors belong to may also encourage its employment as members may be compelled to follow the norm of the 
associations. Although pressures from actor’s association to an industry/ organization may prompt the use, adoption, and 
diffusion of HLDBE, experts also believed that there would be a concern for some drawbacks arising in such a platform. 
As ranked in this study as the seventh factor of importance (perceived drawback [PDB]). Drawbacks such as platform 
dominance by big players, information asymmetry, platform competition and others. As reiterated by works of (Johnson et 
al., 2018; Nurmala et al., 2018). Thereby calling for more conscientious effort to mitigate such drawbacks should a digital 
ecosystem platform such as HLBE be employed to serve the needs of HLO and BLC’s. Notably, organizational culture 
(OC) and organizational structure (OS) ranked as eighth and ninth was deemed by expert’s in this study as the least essential 
factors that may prompt the use, adoption, and diffusion of an HLDBE for HLO and BLC user’s future operation. 
Surprisingly, observed from the findings, HLO and BLC which operate in different cultures and mandates which serve as 
important factors were attributed as less essential in this study. Although, this study indicates so, we noted and stressed on 
the essence more study into organisational culture and structure in the designing and implementation as it serves as a hybrid 
digital ecosystem encompassing different cultures, mandates, and structures which could arise in platform conflicts, 
dominance, or competition  (Ouchi, 1980; Cameron, 2006). More so, our study found that experts believed that the Asian 
and North American continent are the most likely continent to initiate the use, adoption, and diffusion of HLDBE when 
inception with Africa and South American continent serving as the least continent that may be ready to employ a digital 
hybrid ecosystem of HLO and BLC platform serving their future humanitarian and business needs. It was not surprising to 
us as Asia is the fastest growing technological continent followed by the North American countries. Africa and South 
America having the least affirms the challenges such continents have in areas such as infrastructure and expertise to revamp 
the sectors to address its humanitarian logistics and  business challenges. See Table 3 for details of continents that are likely 
to use, adopt, and diffuse HLDBE. Furthermore, the findings from this study indicated that the best financial pool to develop 
a future HLDBE platform serving HLO and BLC most notable may come from company/ government donors followed by 
crowdfunding and the least financial pool were noted as Banks and Angel investors. This clearly indicates that for a hybrid 
humanitarian logistics digital business ecosystem to be developed, used, adopted, and diffused company and government 
donors should play the leading role to finance such a project and supported by crowdfunding a good way to obtain funding 
from the general public. Please, see Table 3 for the details. 

8. Conclusion 

In summary, we presented an updated HLDBE framework coupled with integrated CCSD-CoCoSo model to examine 
experts' perceived opinion on prospective users’ propensity to use, adopt, and diffuse HLDBE for their future operations. 
To our knowledge CCSD-CoCoSo method has not been employed in any study. This study found that perceived relative 
advantage, perceived safety and security, infrastructure and expertise were the top three factors that may prompt the use, 
adoption, and diffusion of HLDBE with organisation culture and structure as the least essential factors. The CCSD-CoCoSo 
model  applied results are objective and valid for analysing such MCDM studies. Hope that this could be applied in other 
studies and fields. Also, identified Asia and North America continents as the continent’s most likely to employ HLDBE 
when inception with Africa and South American continent serving as the least continent to use, adopt, and diffuse HLDBE. 
More so, our study identified company/ government donors and crowdfunding as the best financial pool to develop and 
sustain the HLDBE digital platform. It is worth indicating some limitations to our study. Experts sampled were not largely 
distributed from all the continents to give a good holistic picture of this study. More so, future research should empirically 
examine from the perceived interest of decision-makers who work as humanitarian logistics and business logistics actors in 
disaster-prone areas on their propensity to employ, adopt, and diffuse HLDBE as their future operational tool. Using a 
random sampling method with a large sample size can also help to improve and give more insights to this research. Also, 
using other technology diffusion theories such as Technology Acceptance Model (TAM) and others may add more insight 
to the study. We hope this study will stir up more debates and innovative solutions on the development of HLDBE, its 
sustainability and management as well as the employment of our proposed novel integrated CCSD-CoCoSo method. 

Acknowledgements 

We duly acknowledge Prof. Gyöngyi Kovács, Prof. Benjamin Hazen, Prof. Philip Andrews-Speed, Asst. Prof. Seth K. A. 
Baffoe, Mrs. Jessica Baffoe, Mr. Joseph E.K. Baffoe and family, Mrs. Yan Yan Baffoe, Dr. Gloria Selorm Akpabla, Ms. 
Roseline Maame Adwoa Acquah, and all experts who responded to this study.  



  132

References  
 
Adner, R. (2006). Match your innovation strategy to your innovation ecosystem. Harvard business review, 84(4), 98. 
Ahn, B. S., & Park, K. S. (2008). Comparing methods for multiattribute decision making with ordinal weights. Computers 

& Operations Research, 35(5), 1660–1670. https://doi.org/10.1016/j.cor.2006.09.026 
Akter, S., Wamba, S. F., Gunasekaran, A., Dubey, R., & Childe, S. J. (2016). How to improve firm performance using big 

data analytics capability and business strategy alignment? International Journal of Production Economics, 182, 113–
131. https://doi.org/10.1016/j.ijpe.2016.08.018 

Bag, S., Luthra, S., Venkatesh, V. G., & Yadav, G. (2020). Towards understanding key enablers to green humanitarian 
supply chain management practices. Management of Environmental Quality: An International Journal, 31(5), 1111–
1145. https://doi.org/10.1108/MEQ-06-2019-0124 

Baharmand, H., & Comes, T. (2019). Leveraging Partnerships with Logistics Service Providers in Humanitarian Supply 
Chains by Blockchain-based Smart Contracts. IFAC-PapersOnLine, 52(13), 12–17. 
https://doi.org/10.1016/j.ifacol.2019.11.084 

Bealt, J., Fernández Barrera, J. C., & Mansouri, S. A. (2016). Collaborative relationships between logistics service providers 
and humanitarian organizations during disaster relief operations. Journal of Humanitarian Logistics and Supply Chain 
Management, 6(2), 118–144. https://doi.org/10.1108/JHLSCM-02-2015-0008 

Besiou, M., Pedraza-Martinez, A. J., & Van Wassenhove, L. N. (2018). OR applied to humanitarian operations. In European 
Journal of Operational Research. https://doi.org/10.1016/j.ejor.2018.02.046 

Budak, A., Kaya, İ., Karaşan, A., & Erdoğan, M. (2020). Real-time location systems selection by using a fuzzy MCDM 
approach: An application in humanitarian relief logistics. Applied Soft Computing, 92, 106322. 
https://doi.org/10.1016/j.asoc.2020.106322 

Chapiro, C., & Bedi, S. (2021, June 8). Leveraging Blockchain for Financial Inclusion. 
https://www.unicef.org/innovation/InnovationFund/blockchain-financial-inclusion-cohort 

Chari, F., Ngcamu, B. S., & Novukela, C. (2020). Supply chain risks in humanitarian relief operations: A case of Cyclone 
Idai relief efforts in Zimbabwe. Journal of Humanitarian Logistics and Supply Chain Management, 11(1), 29–45. 
https://doi.org/10.1108/JHLSCM-12-2019-0080 

Cozzolino, A. (2021). Platforms Enhancing the Engagement of the Private Sector in Humanitarian Relief Operations. 
Sustainability, 13(6), 3024. https://doi.org/10.3390/su13063024 

Deng, H., Yeh, C.-H., & Willis, R. J. (2000). Inter-company comparison using modified TOPSIS with objective weights. 
Computers & Operations Research, 27(10), 963–973. https://doi.org/10.1016/S0305-0548(99)00069-6 

Dilmegani, C. (2020, July 9). 15 AI Applications/ Use Cases / Examples in Logistics in 2021. AI Multiple. 
https://research.aimultiple.com/logistics-ai/ 

Doyle, J. R., Green, R. H., & Bottomley, P. A. (1997). Judging Relative Importance: Direct Rating and Point Allocation 
Are Not Equivalent. Organizational Behavior and Human Decision Processes, 70(1), 65–72. 
https://doi.org/10.1006/obhd.1997.2694 

Dubey, R., Altay, N., & Blome, C. (2019). Swift trust and commitment: The missing links for humanitarian supply chain 
coordination? Annals of Operations Research, 283(1–2), 159–177. https://doi.org/10.1007/s10479-017-2676-z 

Dubey, R., Gunasekaran, A., Bryde, D. J., Dwivedi, Y. K., & Papadopoulos, T. (2020). Blockchain technology for 
enhancing swift-trust, collaboration and resilience within a humanitarian supply chain setting. International Journal of 
Production Research, 58(11), 3381–3398. https://doi.org/10.1080/00207543.2020.1722860 

Dubey, R., Gunasekaran, A., Childe, S. J., Blome, C., & Papadopoulos, T. (2019). Big data and predictive analytics and 
manufacturing performance: Integrating institutional theory, resource‐based view and big data culture. British Journal 
of Management, 30(2), 341–361. 

Dubey, R., Gunasekaran, A., Childe, S. J., Roubaud, D., Fosso Wamba, S., Giannakis, M., & Foropon, C. (2019). Big data 
analytics and organizational culture as complements to swift trust and collaborative performance in the humanitarian 
supply chain. International Journal of Production Economics, 210, 120–136. https://doi.org/10.1016/j.ijpe.2019.01.023 

Dubey, R., Luo, Z., Gunasekaran, A., Akter, S., Hazen, B. T., & Douglas, M. A. (2018). Big data and predictive analytics 
in humanitarian supply chains: Enabling visibility and coordination in the presence of swift trust. The International 
Journal of Logistics Management, 29(2), 485–512. https://doi.org/10.1108/IJLM-02-2017-0039 

Dufour, É., Laporte, G., Paquette, J., & Rancourt, M. (2018). Logistics service network design for humanitarian response 
in East Africa. Omega, 74, 1–14. https://doi.org/10.1016/j.omega.2017.01.002 

Ebinger, F., & Omondi, B. (2020). Leveraging Digital Approaches for Transparency in Sustainable Supply Chains: A 
Conceptual Paper. Sustainability, 12(15), 6129. https://doi.org/10.3390/su12156129 

Foege, J. N., Lauritzen, G. D., Tietze, F., & Salge, T. O. (2019). Reconceptualizing the paradox of openness: How solvers 
navigate sharing-protecting tensions in crowdsourcing. Research Policy, 48(6), 1323–1339. 
https://doi.org/10.1016/j.respol.2019.01.013 

Gangwar, H., Date, H., & Ramaswamy, R. (2015). Understanding determinants of cloud computing adoption using an 
integrated TAM-TOE model. Journal of Enterprise Information Management, 28(1), 107–130. 
https://doi.org/10.1108/JEIM-08-2013-0065 

Gawer, A. (2014). Bridging differing perspectives on technological platforms: Toward an integrative framework. Research 
policy, 43(7),  1239-1249. 



B. O. K. Baffoe et al.   / Decision Science Letters 12 (2023) 
 

133

Giuffrida, M., & Mangiaracina, R. (2020). Green Practices for Global Supply Chains in Diverse Industrial, Geographical, 
and Technological Settings: A Literature Review and Research Agenda. Sustainability, 12(23), 10151. 
https://doi.org/10.3390/su122310151 

Govindan, K., Cheng, T. C. E., Mishra, N., & Shukla, N. (2018). Big data analytics and application for logistics and supply 
chain management. In Transportation Research Part E: Logistics and Transportation Review. 
https://doi.org/10.1016/j.tre.2018.03.011 

Gupta, M., & George, J. F. (2016). Toward the development of a big data analytics capability. Information & Management, 
53(8), 1049–1064. https://doi.org/10.1016/j.im.2016.07.004 

Gupta, S., Beninger, S., & Ganesh, J. (2015). A hybrid approach to innovation by social enterprises: Lessons from Africa. 
Social Enterprise Journal, 11(1), 89–112. https://doi.org/10.1108/SEJ-04-2014-0023 

Hanane, A., Brahim, O., & Bouchra, F. (2016). CCSD and TOPSIS methodology for selecting supplier in a paper company. 
2016 4th IEEE International Colloquium on Information Science and Technology (CiSt), 275–280. 
https://doi.org/10.1109/CIST.2016.7805055 

Hazen, B. T., Boone, C. A., Ezell, J. D., & Jones-Farmer, L. A. (2014). Data quality for data science, predictive analytics, 
and big data in supply chain management: An introduction to the problem and suggestions for research and applications. 
International Journal of Production Economics, 154, 72–80. https://doi.org/10.1016/j.ijpe.2014.04.018 

Ho, L. L., Law, P. L., & Lim, S. F. (2017). Implementing environmental management systems (EMS) in Sarawak: adoption 
factors. International Journal of Environmental Science & Sustainable Development, 1(2). 

Hotho, J., & Girschik, V. (2019). Corporate engagement in humanitarian action: Concepts, challenges, and areas for 
international business research. Critical Perspectives on International Business, 15(2/3), 201–218. 
https://doi.org/10.1108/cpoib-02-2019-0015 

Hwang, C.-L., & Yoon, K. (1981). Multiple Attribute Decision Making (Vol. 186). Springer Berlin Heidelberg. 
https://doi.org/10.1007/978-3-642-48318-9 

IASC. (2008, January 22). World Economic Forum (WEF) - OCHA Guiding Principles for Public-Private Collaboration in 
Humanitarian Action. Retrieved March 2020, from 
https://interagencystandingcommittee.org/system/files/legacy_files/World%20Economic%20Forum%20-%20OCHA
%20Guiding%20Principles%20for%20Public-Private%20Collaboration%20in%20Humanitarian%20Action.pdf 

Ittmann, H. W. (2020). Lessons gained from four case studies of operations research for sustainable development in South 
Africa. Central European Journal of Operations Research, 28(4), 1187–1217. https://doi.org/10.1007/s10100-019-
00644-x 

John, L., Gurumurthy, A., Soni, G., & Jain, V. (2019). Modelling the inter-relationship between factors affecting 
coordination in a humanitarian supply chain: A case of Chennai flood relief. Annals of Operations Research, 283(1–2), 
1227–1258. https://doi.org/10.1007/s10479-018-2963-3 

Johnson, V. L., Kiser, A., Washington, R., & Torres, R. (2018). Limitations to the rapid adoption of M-payment services: 
Understanding the impact of privacy risk on M-Payment services. Computers in Human Behavior, 79, 111–122. 

Kabra, G. A. (2017). Understanding behavioural intention to use information technology: Insights from humanitarian 
practitioners. Telematics and Informatics, 34(7), 1250-1261. 

Kamstra, J., & Schulpen, L. (2015). Worlds Apart But Much Alike: Donor Funding and the Homogenization of NGOs in 
Ghana and Indonesia. Studies in Comparative International Development, 50(3), 331–357. 
https://doi.org/10.1007/s12116-014-9169-8 

Kapoor, R. (2014). Collaborating with complementors: What do firms do? In Collaboration and competition in business 
ecosystems. Emerald Group Publishing Limited. 

Kayikci, Y. (2018). Sustainability impact of digitization in logistics. Procedia Manufacturing, 21, 782–789. 
https://doi.org/10.1016/j.promfg.2018.02.184 

Khan, M., Lee, H., & Bae, J. (2019). The Role of Transparency in Humanitarian Logistics. Sustainability, 11(7), 2078. 
https://doi.org/10.3390/su11072078 

Khan, S. A., Chaabane, A., & Dweiri, F. T. (2018). Multi-Criteria Decision-Making Methods Application in Supply Chain 
Management: A Systematic Literature Review. In V. A. P. Salomon (Ed.), Multi-Criteria Methods and Techniques 
Applied to Supply Chain Management. InTech. https://doi.org/10.5772/intechopen.74067 

Kim, S., Ramkumar, M., & Subramanian, N. (2019). Logistics service provider selection for disaster preparation: A socio-
technical systems perspective. Annals of Operations Research, 283(1–2), 1259–1282. https://doi.org/10.1007/s10479-
018-03129-3 

KIRON, D., PRENTICE, P. K., & FERGUSON, R. B. (2014). The analytics mandate. MITSloan Management Review. 
https://sloanreview.mit.edu/projects/analytics-mandate/ 

Kovács, G. A. (2009). Identifying challenges in humanitarian logistics. International Journal of Physical Distribution & 
Logistics Management, 39(6), 506-528. 

Kovács, G., & Spens, K. M. (2007). Humanitarian logistics in disaster relief operations. International Journal of Physical 
Distribution & Logistics Management. https://doi.org/10.1108/09600030710734820 

Kühn, A.-L., Stiglbauer, M., & Fifka, M. S. (2018). Contents and Determinants of Corporate Social Responsibility Website 
Reporting in Sub-Saharan Africa: A Seven-Country Study. Business & Society, 57(3), 437–480. 
https://doi.org/10.1177/0007650315614234 



  134

Kuprenko, V. (2019, July 3). How AI Changes the Logistic Industry. Towards Data Science. 
https://towardsdatascience.com/how-ai-changes-the-logistic-industry-3d55401778d 

Kwapong Baffoe, B. O. and Luo, W. (2020). Humanitarian Relief Sustainability: A Framework of Humanitarian Logistics 
Digital Business Ecosystem. Transportation Research Procedia, 48, 363–387. doi: 10.1016/j.trpro.2020.08.032. 

Lalicic, L., & Weismayer, C. (2021). Consumers’ reasons and perceived value co-creation of using artificial intelligence-
enabled travel service agents. Journal of Business Research, 129, 891–901. 
https://doi.org/10.1016/j.jbusres.2020.11.005 

Landis, J. R. (1977). The measurement of observer agreement for categorical data. biometrics , 159 - 174. 
Lee, T. H. (2015). Regression analysis of cloud computing adoption for US hospitals. 
Lenkenhoff, K. U. (2018). Key challenges of digital business ecosystem development and how to cope with them. Procedia 

CIRP, 73, 167-172. 
Li, C., Zhang, F., Cao, C., Liu, Y., & Qu, T. (2019). Organizational coordination in sustainable humanitarian supply chain: 

An evolutionary game approach. Journal of Cleaner Production, 219, 291–303. 
https://doi.org/10.1016/j.jclepro.2019.01.233 

Lian, J.-W., Yen, D. C., & Wang, Y.-T. (2014). An exploratory study to understand the critical factors affecting the decision 
to adopt cloud computing in Taiwan hospital. International Journal of Information Management, 34(1), 28–36. 

Lomazzo, C. R., & Hydary, M. (2020, February 13). Digicus: Blending the old with the new. 
https://www.unicef.org/innovation/blockchain/digicus 

Low, C., Chen, Y., & Wu, M. (2011). Understanding the determinants of cloud computing adoption. Industrial Management 
& Data Systems, 111(7), 1006-1023. https://doi.org/10.1108/02635571111161262 

Marzenna Cichosz. (2018). Digitalization and Competitiveness in the Logistics Service Industry. e-mentor, 5(77), 73-82. 
McKinsey, &. C. (2018, January). Digital/McKinsey: Insights. Retrieved March 2020, from Winning in digital ecosystems: 

https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/Digital
%20McKinsey%20Insights%20Number%203/Digital-McKinsey-Insights-Issue-3-revised.ashx 

Miranda, M. Q., Farias, J. S., de Araújo Schwartz, C., & de Almeida, J. P. L. (2016). Technology adoption in diffusion of 
innovations perspective: Introduction of an ERP system in a non-profit organization. RAI Revista de Administração e 
Inovação, 13(1), 48–57. https://doi.org/10.1016/j.rai.2016.02.002 

Moore, J. F. (1993). Predators and prey: a new ecology of competition. Harvard business review, 71(3), 75-86. 
Munyaka, J.-C. B., & Yadavalli, V. S. S. (2021). Using transportation problem in humanitarian supply chain to 

prepositioned facility locations: A case study in the Democratic Republic of the Congo. International Journal of System 
Assurance Engineering and Management, 12(1), 199–216. https://doi.org/10.1007/s13198-020-01031-5 

Mutebi, H., Ntayi, J. M., Muhwezi, M., & Munene, J. C. K. (2020). Self-organisation, adaptability, organisational networks 
and inter-organisational coordination: Empirical evidence from humanitarian organisations in Uganda. Journal of 
Humanitarian Logistics and Supply Chain Management, 10(4), 447–483. https://doi.org/10.1108/JHLSCM-10-2019-
0074 

Nasereddin, H. H. O., & A L-Khraishah, H. H. H. (2020). BIG DATA TECHNOLOGIES IN SUPPLY CHAIN 
MANAGEMENT: OPPORTUNITIES, CHALLENGES AND FUTURE TRENDS. International Journal of 
Management (IJM), 11(6), 171–179. https://doi.org/10.34218/IJM.11.6.2020.016 

Noori, N. S., & Weber, C. (2016). Dynamics of coordination-clusters in long-term rehabilitation. Journal of Humanitarian 
Logistics and Supply Chain Management, 6(3), 296–328. https://doi.org/10.1108/JHLSCM-06-2016-0024 

Nurmala, N., de Leeuw, S., & Dullaert, W. (2017). Humanitarian–business partnerships in managing humanitarian logistics. 
In Supply Chain Management. https://doi.org/10.1108/SCM-07-2016-0262 

Nurmala, N., de Vries, J., & de Leeuw, S. (2018). Cross-sector humanitarian–business partnerships in managing 
humanitarian logistics: An empirical verification. International Journal of Production Research. 
https://doi.org/10.1080/00207543.2018.1449977 

OCHA. (2012, June). OCHA on Message: Humanitarian Principles. Retrieved March 2020, from What are Humanitarian 
Principles?: https://www.unocha.org/sites/dms/Documents/OOM-humanitarianprinciples_eng_June12.pdf 

Oloruntoba, R. A. (2009). Customer service in emergency relief chains. International Journal of Physical Distribution & 
Logistics Management, 39(6), 486-505. 

Ouchi, W. G. (1980). Markets, Bureaucracies, and Clans. Administrative Science Quarterly, 25(1), 129. 
https://doi.org/10.2307/2392231 

Papadopoulos, T., Gunasekaran, A., Dubey, R., Altay, N., Childe, S. J., & Fosso-Wamba, S. (2017). The role of Big Data 
in explaining disaster resilience in supply chains for sustainability. Journal of Cleaner Production, 142, 1108–1118. 
https://doi.org/10.1016/j.jclepro.2016.03.059 

Patton, M. Q. (2014). Qualitative research & evaluation methods: Integrating theory and practice. Sage publications, 402-
403. 

Ragini, J. R. (2018). Big data analytics for disaster response and recovery through sentiment analysis. International Journal 
of Information Management, 42, 13-24. 

Rancourt, M.-È., Cordeau, J.-F., Laporte, G., & Watkins, B. (2015). Tactical network planning for food aid distribution in 
Kenya. Computers & Operations Research, 56, 68–83. https://doi.org/10.1016/j.cor.2014.10.018 



B. O. K. Baffoe et al.   / Decision Science Letters 12 (2023) 
 

135

Ravichandran, T., Lertwongsatien, C., & Lertwongsatien, C. (2005). Effect of Information Systems Resources and 
Capabilities on Firm Performance: A Resource-Based Perspective. Journal of Management Information Systems, 21(4), 
237–276. https://doi.org/10.1080/07421222.2005.11045820 

Rezaei, J. (2015). A Systematic Review of Multi-criteria Decision-making Applications in Reverse Logistics. 
Transportation Research Procedia, 10, 766–776. https://doi.org/10.1016/j.trpro.2015.09.030 

Roberts, R., & Goodwin, P. (2002). Weight approximations in multi-attribute decision models. Journal of Multi-Criteria 
Decision Analysis, 11(6), 291–303. https://doi.org/10.1002/mcda.320 

Rogers, E. M. (1983). Diffusion of innovations (3rd ed.). New York: The Free Press. 
Rogers, E. M. (2003). Diffusion of Innovations (5th Edition ed.). New York: Simon & Schuster. 
Rogers, E. M. (2010). Diffusion of innovations. Simon and Schuster. 
Sabri, Y., Zarei, M. H., & Harland, C. (2019). Using collaborative research methodologies in humanitarian supply chains. 

Journal of Humanitarian Logistics and Supply Chain Management, 9(3), 371–409. https://doi.org/10.1108/JHLSCM-
06-2018-0041 

Sanders, N. R., & Ganeshan, R. (2015). Special Issue of Production and Operations Management on “Big Data in Supply 
Chain Management”. Production and Operations Management, 24(7), 1193–1194. https://doi.org/10.1111/poms.12413 

Schmeiss, J., Hoelzle, K., & Tech, R. P. G. (2019). Designing Governance Mechanisms in Platform Ecosystems: Addressing 
the Paradox of Openness through Blockchain Technology. California Management Review, 62(1), 121–143. 
https://doi.org/10.1177/0008125619883618 

Schnall, R. T.-D. (2015). Trust, perceived risk, perceived ease of use and perceived usefulness as factors related to mHealth 
technology use. Studies in health technology and informatics, 216, 467-471. 

Schumann-Bölsche, D. (2018). Information Technology in Humanitarian Logistics and Supply Chain Management. London: 
Palgrave Macmillan. 

Shin, D.-H., 2013. User centric cloud service model in public sectors: Policy implications of cloud services. Government 
Information Quarterly, 30(2), pp. 194-203. 

Smith, D. (2003). Five principles for research ethics. Monitor on psychology, 34(1), 56. 
Soneye, A. (2014). An overview of humanitarian relief supply chains for victims of perennial flood disasters in Lagos, 

Nigeria (2010-2012). Journal of Humanitarian Logistics and Supply Chain Management, 4(2), 179–197. 
https://doi.org/10.1108/JHLSCM-01-2014-0004 

Srinivasan, R., & Swink, M. (2018). An Investigation of Visibility and Flexibility as Complements to Supply Chain 
Analytics: An Organizational Information Processing Theory Perspective. Production and Operations Management, 
27(10), 1849–1867. https://doi.org/10.1111/poms.12746 

Stanujkic, D., Popovic, G., Zavadskas, E. K., Karabasevic, D., & Binkyte-Veliene, A. (2020). Assessment of Progress 
towards Achieving Sustainable Development Goals of the “Agenda 2030” by Using the CoCoSo and the Shannon 
Entropy Methods: The Case of the EU Countries. Sustainability, 12(14), 5717. https://doi.org/10.3390/su12145717 

Tashkandi, A. N., & Al-Jabri, I. M. (2015). Cloud computing adoption by higher education institutions in Saudi Arabia: An 
exploratory study. Cluster Computing. https://doi.org/10.1007/s10586-015-0490-4 

Taymaz, S., Iyigun, C., Bayindir, Z. P., & Dellaert, N. P. (2020). A healthcare facility location problem for a multi-disease, 
multi-service environment under risk aversion. Socio-Economic Planning Sciences, 71, 100755. 
https://doi.org/10.1016/j.seps.2019.100755 

Thomas, A. a. (2006). Disaster relief. Harvard Business Review, 84, 114-122. 
Tiwana, A., 2013. Platform ecosystems: Aligning architecture, governance, and strategy.. s.l.:Newnes. 
Tongco, M. D. (2007). Purposive sampling as a tool for informant selection. Ethnobotany Research and applications, 5, 

147-158. 
Topp, L. B. (2004). The external validity of results derived from ecstasy users recruited using purposive sampling strategies. 

Drug and alcohol dependence, 73(1), 33-40. 
Tornatzky, L. G. (1990). The processes of technological innovation. Issues in organization and management series. 

(Lexington Books) Retrieved October 3, 2018, from http://www. amazon. com/Processes-Technological-Innovation-
Organization/Management/dp/0669203483 

Tsai, W.-C. a. L.-L. T., 2012. A model of the adoption of radio frequency identification technology: The case of logistics 
service firms.. Journal of Engineering and Technology Management, 29(1), 131-151. 

Tweel, A. (2012). Examining the relationship between technological, organizational, and environmental factors and cloud 
computing adoption. Northcentral University. 

UN General Assembly. (2008). Strengthening of the coordination of emergency humanitarian assistance of the United 
Nations. Context, 3(9), 3. 

UN-DESA, D. f. (2015). Sustainable Development Knowledge Platform. Retrieved August 2018, from Sustainable 
Developement Goals: https://sustainabledevelopment.un.org/?menu=1300 

Valente, T. W., Dyal, S. R., Chu, K.-H., Wipfli, H., & Fujimoto, K. (2015). Diffusion of innovations theory applied to 
global tobacco control treaty ratification. Social Science & Medicine, 145, 89–97. 
https://doi.org/10.1016/j.socscimed.2015.10.001 

Van Wassenhove, L. (2006). Humanitarian aid logistics: supply chain management in high gear. The Journal of the 
Operational Research Society, 57(5), 475-489. 



  136

Villa, S., Gonçalves, P., & Villy Odong, T. (2017). Understanding the contribution of effective communication strategies 
to program performance in humanitarian organizations. Journal of Humanitarian Logistics and Supply Chain 
Management, 7(2), 126–151. https://doi.org/10.1108/JHLSCM-05-2016-0021 

VonAchen, P., Smilowitz, K., Raghavan, M., & Feehan, R. (2016). Optimizing community healthcare coverage in remote 
Liberia. Journal of Humanitarian Logistics and Supply Chain Management, 6(3), 352–371. 
https://doi.org/10.1108/JHLSCM-03-2016-0006 

Waddell, S. a. (1997). Fostering intersectoral partnering: A guide to promoting cooperation among government, business, 
and civil society actors. IDR Reports, 13(3), 1-26. 

Waller, M. A., & Fawcett, S. E. (2013). Click here for a data scientist: Big data, predictive analytics, and theory development 
in the era of a maker movement supply chain. Journal of Business Logistics, 34(4), 249–252. 

Wamba, S. F., Gunasekaran, A., Akter, S., Ren, S. J., Dubey, R., & Childe, S. J. (2017). Big data analytics and firm 
performance: Effects of dynamic capabilities. Journal of Business Research, 70, 356–365. 
https://doi.org/10.1016/j.jbusres.2016.08.009 

Wang, J., Wei, G., Wei, C., & Wu, J. (2020). Maximizing deviation method for multiple attribute decision making under q-
rung orthopair fuzzy environment. Defence Technology, 16(5), 1073–1087. https://doi.org/10.1016/j.dt.2019.11.007 

Wang, M. W., Lee, O.-K., & Lim, K. H. (2007). Knowledge management systems diffusion in Chinese enterprises: A multi-
stage approach with the technology-organization-environment framework. PACIS 2007 Proceedings, 70. 

Wang, Y., Zhao, N., Jing, H., Meng, B., & Yin, X. (2016). A Novel Model of the Ideal Point Method Coupled with Objective 
and Subjective Weighting Method for Evaluation of Surrounding Rock Stability. Mathematical Problems in 
Engineering, 2016, 1–9. https://doi.org/10.1155/2016/8935156 

Wang, Y.-M., & Luo, Y. (2010). Integration of correlations with standard deviations for determining attribute weights in 
multiple attribute decision making. Mathematical and Computer Modelling, 51(1–2), 1–12. 
https://doi.org/10.1016/j.mcm.2009.07.016 

Wang, Y.-M., Wang, Y.-S., & Yang, Y.-F. (2010). Understanding the determinants of RFID adoption in the manufacturing 
industry. Technological Forecasting and Social Change, 77(5), 803–815. 

WEF. (2016, January). World Economic Forum. Retrieved March 2020, from World Economic Forum White Paper Digital 
Transformation of Industries: In collaboration withAccenture: http://reports.weforum.org/digital-transformation/wp-
content/blogs.dir/94/mp/files/pages/files/wef-dti-logisticswhitepaper-final-january-2016.pdf 

Xie, Q. W. (2017). Predictors for e-government adoption: integrating TAM, TPB, trust and perceived risk. The Electronic 
Library, 35(1), 2-20. 

Yazdani, M., Wen, Z., Liao, H., Banaitis, A., & Turskis, Z. (2019). A GREY COMBINED COMPROMISE SOLUTION 
(COCOSO-G) METHOD FOR SUPPLIER SELECTION IN CONSTRUCTION MANAGEMENT. JOURNAL OF 
CIVIL ENGINEERING AND MANAGEMENT, 25(8), 858–874. https://doi.org/10.3846/jcem.2019.11309 

Yazdani, M., Zarate, P., Kazimieras Zavadskas, E., & Turskis, Z. (2019). A combined compromise solution (CoCoSo) 
method for multi-criteria decision-making problems. Management Decision, 57(9), 2501–2519. 
https://doi.org/10.1108/MD-05-2017-0458 

Yejun Xu & Zhijian Cai. (2008). Standard deviation method for determining the weights of group multiple attribute decision 
making under uncertain linguistic environment. 2008 7th World Congress on Intelligent Control and Automation, 8311–
8316. https://doi.org/10.1109/WCICA.2008.4594230 

Yılmaz, H., & Kabak, Ö. (2020). Prioritizing distribution centers in humanitarian logistics using type-2 fuzzy MCDM 
approach. Journal of Enterprise Information Management, 33(5), 1199–1232. https://doi.org/10.1108/JEIM-09-2019-
0310 

Zavadskas, E. K., Kaklauskas, A., & Kalibatas, D. (2009). AN APPROACH TO MULTI-ATTRIBUTE ASSESSMENT 
OF INDOOR ENVIRONMENT BEFORE AND AFTER REFURBISHMENT OF DWELLINGS/DAUGIATIKSLIO 
GYVENAMŲJŲ NAMŲ VIDINĖS APLINKOS VERTINIMO PRIEŠ IR PO RENOVACIJOS BŪDAS/ 
КОМПЛЕКСНАЯ ОЦЕНКА ВНУТРЕННЕЙ СРЕДЫ ЖИЛЫХ ДОМОВ ДО И ПОСЛЕ РЕНОВАЦИИ. 
JOURNAL OF ENVIRONMENTAL ENGINEERING AND LANDSCAPE MANAGEMENT, 17(1), 5–11. 
https://doi.org/10.3846/1648-6897.2009.17.5-11 

Zhong, R. Y., Huang, G. Q., Lan, S., Dai, Q. Y., Chen, X., & Zhang, T. (2015). A big data approach for logistics trajectory 
discovery from RFID-enabled production data. International Journal of Production Economics, 165, 260–272. 

Zhu, K. (2004). The complementarity of information technology infrastructure and e-commerce capability: A resource-
based assessment of their business value. Journal of Management Information Systems, 21(1), 167–202. 

 
 

            

 

 
© 2022 by the authors; licensee Growing Science, Canada. This is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) 
license (http://creativecommons.org/licenses/by/4.0/). 

 


