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Abstract

:

This research aims to bridge a critical gap within the realm of logistics coordination, specifically targeted at bolstering the coordination of flows in omni-channels. The outcome of this study culminates in the creation of a comprehensive tool for evaluating logistics operators, discerning those who exhibit supreme proficiency in orchestrating network dynamics within omni-channel contexts. To fulfil the objectives of this paper and elucidate pertinent research inquiries, an exhaustive literature review is coupled with meticulous scrutiny of the SCOPUS database via the advanced VOSviewer 1.6.20 software. The research delineates an array of coordination mechanisms accessible to logistics operators, which can be judiciously tailored as a bespoke fusion of market-driven, social, hierarchical, and logistical coordination tactics. These mechanisms expand upon antecedent investigations, encompassing both network coordination paradigms and the pivotal role of logistics operators within omni-channel frameworks. Experts assessed that forecasting network flows is the most significant element in logistical coordination, receiving a weight of 0.1312, while managing network participants’ resources from the logistics operator level received a weight of 0.1148. A tangible contribution to the academic discourse transpires as we introduce a pioneering tool meticulously designed for stakeholders entrenched in omni-channel distribution networks. Termed the ‘Multicriteria Assessment Sheet for Evaluating the Coordination Competence of Logistics Operators within Omni-channel Systems,’ this instrument augments the scholarly landscape.
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1. Introduction


The upward trend associated with the emergence of new distribution channels and the expansion of logistics operators has been ongoing since 1980 [1]. Among the main challenges posed to the logistics service of new distribution channels, the need to take into account different stakeholders in building a high-quality service is indicated [2,3]. The development trend of the e-commerce market is undeniable [4], but interestingly not from the beginning has this form of product delivery to the market been recognised as something that can match or surpass traditional distribution channels. Authors [5] summarised research conducted between 2000 and 2005, which concluded that the online form of selling was no more satisfying to customers than the traditional form of selling. However, a number of factors, including, inter alia, digitalisation, which has increased the transparency of markets at a very fast pace [6], have made e-commerce a significant form of distribution. Along with this, the issue of handling the logistics of multi-channel distribution systems has become more prominent. Based on a study conducted in 2006, of the 200 e-commerce-related companies surveyed, approximately 30% [7] worked with an LSP (logistics service provider; in this paper, LSP will be used interchangeably with 3PL—third-party logistics and with the phrase logistics operator). In 2023, this trend was reinforced by the increasing needs arising from the integration of online sales channels and the growing demands of end customers. The new distribution channels and, in particular, their integration, present challenges in the logistics service provided by specialised operators. Coordinating such complex systems requires a high level of competence [8] and the ability to influence cooperating organisations [9].



Taking into account the work accomplished to date in the field of multi-channel distribution channels, especially omni-channels, as well as the logistical handling of these channels, this paper identifies assumptions for network coordination carried out at the logistics operator level. The aim of this research was to fill the gap in the area of logistics coordination aimed at supporting logistics operators in the coordination of flows in omni-channels. The result of the research was to develop a tool to assess logistics operators and identify those with the highest competence in the network coordination of omni-channels. In order to realise such a goal, it was necessary to conceptualise logistics coordination as an additional form of network coordination, which makes use of the flow mechanisms developed so far by other authors. Flow mechanisms are identified by various authors [10] as mechanisms of network coordination alongside the price and non-price mechanisms characteristic of the hierarchical, social, and market forms of network coordination. Indeed, each of these forms of coordination uses specific mechanisms. In terms of flow mechanisms, research to date has significantly limited the range of logistical instruments that can be used by the coordinator. Attempts related to the alignment of logistic operators with the principles of network functioning and network mechanisms have been undertaken by researchers [11,12,13]. However, none of these works present a set of characteristics that predispose logistic operators to network coordination. We believe that seeking opportunities for logistic operators to assume functions related to network coordination makes sense. This aspect has been emphasized multiple times in articles, indicating that third-party logistics companies (3PL) are capable of undertaking coordination actions, whether in terms of disturbance reduction [14,15], implementation of modern solutions aimed at improving network performance [16], or other elements crucial for material and information flows [17] from the perspective of flows of materials and information. This is currently an important area because of the development of network distribution systems and the need to support them with logistics services. Therefore, we have extended the range of flow mechanisms analysed, while recognising that for omni-channel distribution, it is necessary to take into account, in addition to market, hierarchical, and social forms, a form of logistical network coordination. Considering the adopted assumptions and gaps related to the previous research presented in the literature, we sought answers to three posed questions:



RQ.1: What role can a logistics operator play in the network coordination of omni-channels?



RQ.2: What forms of network coordination can a logistics operator use to ensure reliable omni-channel flows?



RQ.3: Which network coordination mechanisms are most powerful in building customer satisfaction in omni-channel systems?



Using the AHP method, we investigated how individual network coordination mechanisms, specific to a particular form of coordination, contribute to the reliable realisation of omni-channel flows. At this stage, we drew on the knowledge and experience of experts. The key criteria for selecting experts for the study were knowledge and experience of omni-channel distribution network coordination. Since in the research we were considering the role of logistics operators in the coordination of omni-channel distribution, the experts were the senior managers of such organisations.



The layout of the paper follows these objectives: The research started from the theoretical background, in which we identified the concept of network coordination and, against the background of previous research on it and the challenges posed by complex distribution systems such as omni-channels, we presented the construct of logistical coordination. We discussed the issue of omni-channels from the perspective of the logistical service provided by logistics operators. In the Methods section, we presented the research procedure and also justified the selection of experts for the study and the use of the AHP method. In the Results section, the discussion concerning the results of the conducted research is provided, which fills a gap in the existing research on both network coordination and logistics service of omni-channels. Central to this stage of the research was the identification of the overarching importance of logistics coordination, which enhances the effectiveness of the logistics operator in ensuring reliable flows in omni-channels, while, among its mechanisms, the emergence of resources management and demand forecasting methods are the main mechanisms that allow the logistics operator to coordinate flows. In the Discussion section, the discussion concerned the results obtained against the background of the existing body of the literature and it also pointed out the limitations of the study and prospects for further research.




2. Theoretical Background


2.1. Literature Gap


As part of the preliminary literature research into the issues of logistics operators’ activities in omni-channels and network coordination, the authors conducted a review of the SCOPUS article database. The analysis focused on extracting articles thematically related to business, management, and accounting sciences. The time frame for the searched articles extended to August 2023 in the SCOPUS database. The authors, in the first step, created an overview of the papers connected with keywords (of papers, authors, and journals) in the range of the following: “network coordination”, “network governance”, “omni-channel”, “3PL”, “logistic operator”, or “logistic service provider”. Based on the SCOPUS database, 1796 articles were extracted, for which analyses were conducted using the VOSviewer tool. This is a tool used for creating clusters, networks of connections, and relationships between topics appearing in various scientific works. VOSviewer is employed as a tool to support the literature analysis in various scientific disciplines [18,19,20]. Figure 1 depicts the connections of keywords and the formed clusters for the mentioned guidelines.



Based on the main keywords connection map it could be concluded there is no connection for every examined keyword. However, the connection with the main clusters is also shown in Figure 2, Figure 3 and Figure 4. The cluster of network governance is linked with the supply chain, implying that this theme is frequently addressed in publications related to supply chain sciences, potentially involving the description of mechanisms governing flows. However, this cluster is not associated with either omni-channel or logistics operators, suggesting that these themes are not considered together. Network coordination and logistics coordination do not form a visible cluster on the map, which is attributed to the relatively low percentage of works addressing such topics. The 3PL cluster is connected, among others, with the AHP methodology, indicating that authors frequently examine the issues of third-party logistics providers using this method. Additionally, 3PL is also strongly linked to the supply chain, but not in the context of considering 3PL actions within the scope of network governance or network coordination. The omni-channel cluster is strongly connected with the supply chain, but similar to the previous case with 3PL, it does not associate with the topics related to network governance or network coordination. Omni-channel exhibits connections with 3PL as well, but these associations are not as frequent and well established in the literature as in the case of other, stronger connections depicted in the provided figure. Also, based on the analysis of search phrases in titles, keywords, and abstracts, it can be indicated that the topic related to network coordination is relatively prevalent. A total of 396 articles were found in the database that were related to this subject, although the majority of them were associated with computer science (63.89%) and engineering (67.17%). Articles strictly linked to business, management, and accounting that could address the issue of network coordination concerning collaborating networks of enterprises were encompassed in 57 articles. Similarly, the situation is similar in the case of “network governance”, which often addresses a similar topic. The number of articles here is greater than in the previous case (279 articles), and the upward trend for new articles on this subject is more noticeable (Figure 5).



According to the SCOPUS database, the number of articles related to network coordination was highest in the year 2022, with a total of 10 articles (17.54%) indexed in the SCOPUS database in this subject area. Thus, it can be considered that the topic of network coordination has become relatively popular in recent times. Narrowing down the focus of network coordination to issues related to logistics, where “logistics” appears in the searched areas, allows for the identification of five articles centred around this theme. Further analysis, which combines network coordination with logistic service providers (3PL or LSP), revealed one article in this context. However, an analysis of network coordination in the context of articles addressing omni-channel issues showed a lack of articles in this area. The SCOPUS database also contains topics related to typical logistics coordination, which to some extent overlap with the concept presented in the article (17 articles). The collective results of the SCOPUS database review are presented in Table 1.



As evident from the review of the SCOPUS database, the subject matter related to network coordination or network governance in omni-channels and the role of logistic coordination involving service providers requires further expansion. The existing literature also does not present criteria for evaluating a service provider who could be predisposed to assuming the role of network or logistical coordination in omni-channel distribution. The authors discuss selected aspects, focusing either on the forms and mechanisms of network coordination in distribution networks or on the role of logistics operators in omni-channels. However, there is a lack of research on the mechanisms of network coordination, especially logistics, which predisposes logistics operators to coordinate omni-channels. Meeting this challenge requires consideration of two aspects: the features that distinguish omni-channels from other distribution networks, which affect network coordination, and the capabilities of logistics operators in terms of logistics coordination of omni-channels.




2.2. Network Coordination in Omni-Channels


Distribution systems are undergoing a transformation. Classic solutions in which channels are dedicated to specific customer segments are being displaced by multi-channel and omni-channel systems. This is influenced by a number of factors; supply-side factors include the digitalisation of supply chains, technological developments, and a change in the way companies think about return logistics, while demand-side factors [46] include an increased interest in e-commerce systems, widespread access to and ability to use various technologies, and changing customer behaviour patterns as a consequence of the COVID-19 pandemic (e.g., fear of crowds) as well as new shopping habits developed by the public during the pandemic (e.g., online shopping, use of parcel machines, and others) [47]. The development of e-commerce systems has been noticeable for many years; however, the pandemic period has made this form of sales even more dynamic. It can therefore be concluded that it is not the shopping trends themselves and the way in which e-commerce systems are organised, which are not new, but their dynamic development over the last five years that is transforming distribution systems and the market for logistics services. The complexity of modern distribution systems results from combining different distribution channels to serve the same customer. The network thus created, made up of many different channels between which product, information, risk, and finance are moved, is referred to as a multi-channel system [48]. In such systems, it is the customer who decides how he or she wants to purchase the product given the various purchase options available [49]. The multi-channel strategy has been discussed by both theorists and practitioners for many years. Some authors [50] also studied sales effectiveness in companies, with a focus on the use of different communication channels such as customer visits, telephone calls, and letters, as well as the then developing sales channels such as customer service centres and e-commerce. The paper indicated that the use of an omni-channel strategy could bring benefits in the form of greater sales efficiency, improved customer satisfaction, and increased market share. Since then, a multi-channel strategy has become a popular approach in the field of marketing, which is also reflected in numerous academic studies. Omni-channel distribution involves purchasing through indirect and direct marketing channels including websites, apps, retail shops, mail order catalogues, direct mail, email, etc. [51]. A characteristic feature of these types of channels is their independence. Each channel has its own prices, resources, and possibility to contact and interact with the customer [52]. The aim of the multi-channel idea is to reach the widest possible audience with the help of the media in which each group happens to be. As a result, an online shop can use Facebook, Instagram, a website, sponsored blog posts, and many others, for which a strategy can be developed separately. Consequently, the messaging and standard of service in the different venues may differ. Although the company appears in many places, it does not exploit the potential of building a relationship with its audience and getting them used to its presence.



This weakness was the reason for further exploration and improvement of the service by integrating channels and increasing interaction with the customer, and omni-channels were created through evolution. Omni-channel is an extension of the multi-channel strategy, as it uses a variety of sources to reach the customer, linking them together. It represents another level of care for the customer and their needs, due to the clarity of the message of each company that uses it. It mandates that marketing and sales activities be seen as a coherent whole. Omni-channels therefore provide the same level of customer service regardless of the channel chosen [53]. Omni-channel structures include a website and online shop, mobile apps, desktop shop, social media, email marketing, acquisition, call centre, smart TVs, and games consoles. In each of the marketing channels, the customer can place an order, check the status of the order, choose the method of physical distribution, or make a complaint regardless of the channel choice at earlier stages [54]. This implies the need to integrate the information that is made available in each channel, such as the price of the product, its description, pictures, and also shipping and traceability information during the physical flow of the product from the seller to the customer [52]. These channels have common stock levels; therefore, the role of logistics operators undertaking the handling of such complex systems is increasing.



Omni-channel, as a sales strategy, shows that brands not only ensure that more channels are available for customers to purchase goods but also ensure that the experience they have at each channel is consistent and ‘works’ together [55]. This is why advanced IT solutions are important in such distributions, the use of which facilitates the management of stock in central warehouses, as well as field sales points [56]. The dynamic management of prices and sales conditions, and the smooth movement of highly rotating goods in the channel is also crucial. This would not be possible without coordinating flows across all channels.



Network coordination, including its forms and mechanisms, is studied in different configurations in networks of cooperating organisations. The authors emphasise that the effectiveness of the use of combinations of coordination mechanisms depends on the extent to which they are matched to the type of network of interacting organisations [57]. Such a fit should take into account, among other things, the part of the supply chain at which the network is formed. A factor that significantly influences where network relationships are intensified is the degree of product customisation [58]. While products designed according to the customer’s design require complex supply networks and simplified distribution systems, standardised or massively differentiated products require the extension of network relationships at the distribution level. Distribution networks are an example of building relationships between product manufacturing organisations and intermediaries, logistics companies, and final customers. The coordination of the distribution network must be aimed at synchronising processes in such a way that customer orders are reliably fulfilled when and where the customer expects the product [59]. Omni-channel distribution, due to its complexity and the integration of different channels required for its implementation, requires a precise choice of coordination mechanisms, which are sought in the network coordination construct. As we have pointed out, omni-channel distribution requires a focus on customer satisfaction in such a way that regardless of the channel chosen, the customer is equally satisfied with the order. This challenge justifies the high importance placed on network coordination.



Authors [60,61] define network coordination as the effective and efficient use of the resources of all nodes of an inter-organisational network (including infrastructure, knowledge, and other resources), to achieve set goals. Network coordination aims to ensure the coherence of activities, to counteract conflicts by arranging in some purposeful order the tasks carried out by multiple participants, and to adapt participants with different attributes to the established rules through various mechanisms [59]. In line with the concept presented in the paper, we have assumed that forms of network coordination indicate the source of the coordinator’s authority, giving him or her the power to coordinate the network through any set of mechanisms. Some authors [62] list a set of three forms of coordination: market, hierarchical, and social, which together occur in networks. Another author [63] details these into mechanisms: price (e.g., price, bilateral collateral), non-price (e.g., trust, social standards, decision-making style), and flow (e.g., VMI, QR, CPFR). Hierarchy-driven mechanisms prevail in the enterprise. Going beyond the single organisation and analysing distribution networks, one can see the increasing importance of mechanisms related to the market form of coordination. One and the other mechanisms are strongly intertwined with mechanisms characteristic of the social form of coordination. These three types of groups of mechanisms are most often discussed in the literature in the context of network coordination. Among the mechanisms characteristic of the market form, what is usually mainly described is the price [63], but also formal relationships and bilateral collateral. Among the mechanisms characteristic of the hierarchical form, he identifies structures and control systems resulting from management styles, bureaucratic allocation of resources, budgeting, and organisational integration. A distinguishing feature of the hierarchical form of coordination is the power that one actor acquires over others through knowledge. This is an important point, as there are no organisational structures characteristic of companies in networks. Thus, the source of power is not subordination in the organisational structure but the fact that one organisation has more knowledge and capacity to use it than the other organisations. This organisation naturally becomes the coordinator. Among the mechanisms attributed to social coordination, however, he mentions trust, communication systems, and information exchange as well as social standards [58]. Since distribution networks are systems oriented towards reliably fulfilling customer orders and ensuring that products are available where and when the customer wants to purchase and receive them, we supplemented the indicated forms of coordination with a logistical form. The logistical form of coordination is oriented towards the selection of such coordination mechanisms, which ensure the timely, complete, and damage-free realisation of distribution processes to the place indicated by the customer. This addition to the network coordination construct is the result of the indicated challenges posed by the logistics handling of omni-channel systems.



In omni-channel distribution, flow mechanisms that affect the timeliness and completeness of implemented orders become particularly important. This group of mechanisms is insufficiently discussed in the literature. The set of flow mechanisms will constitute the construct of logistical coordination in the research. As logistical coordination is aimed at reliable process execution (i.e., the timely, damage-free, and complete fulfilment of customer orders), also under the impact of disruptions, it can be assumed that the selection of flow coordination mechanisms simultaneously aims to strengthen the resilience of the distribution system [64]. Thus, such mechanisms are sought that allow for the consistency of operations and continuity of processes, regardless of the factors affecting the flows of finished goods [65]. In research on network coordination, authors point to VMI, CPFR, and others. These are detailed tools in flow management; however, they do not exhaust the impact on the logistical problems that face the coordinator of distribution networks, supply networks, or supply chains. Intuitively, the flow mechanisms identified by network coordination researchers touch on key areas for flow management, including forecasting and resources management. In our proposed construct of logistics coordination in networks of cooperating organisations, we have adopted a broader spectrum, taking into account mechanisms analysed separately by different authors:




	
Network participants’ resources management from the logistics operator level [66],



	
Forecasting network flows [67],



	
Organisation of transport and emergency transport [68],



	
Logistical information management from the logistics operator level [69],



	
Demand management [13,52],



	
Managing human resources and infrastructure in the network [70].








The implementation of such assumptions will extend the current theory of network coordination with logistic mechanisms allowing for the coordination of flows in complex distribution systems, which are omni-channel systems.




2.3. Logistics Operator in Multi-Channels


A key component in assessing the effectiveness of physical distribution is the quality of logistics processes including, in particular, reliability [71]. Therefore, cooperative organisations in omni-channel systems seek to collaborate with LSPs, who add value by providing multiple complementary services, as well as sharing physical resources and information to streamline flows throughout the supply chain [7]. Retailers can, for example, shorten the lead time of orders mainly through picking services provided by LSPs [72]. Logistics issues in the context of multi-channel and omni-channel are most often concerned with the interaction in supply chains, warehouse operations and the design of warehouse management solutions, e-fulfilment, and logistics-related customer service issues [73]. Logistics is a critical aspect related to the success of e-commerce operations [74,75], but also to the operation of other forms of distribution like multi-, cross-, and omni-channel [76]. The growth of the 3PL market has been accelerated due to the e-commerce boom and the increase in return logistics operations. There has been a massive influx of third-party logistics to help maintain this highly complex supply chain, offering a wide variety of different services [77]. LSPs also have an impact on reducing environmental impact by increasing the use of environmentally friendly modes of transport, increasing delivery efficiency, and increasing delivery flexibility [78]. Alongside information technology, 3PL is often recognised as one of the necessary elements to achieve rapid multi-channel business growth [79]. However, it is important to note that acquiring logistics operators is equated with a long-term financial decision [5]. For 3PL operators, it is critical to have physical resources such as warehouses or transport fleets [1] which provide them with the ability to run flexible operations. An increasing number of logistics service providers are becoming actively involved in the multi-channel distribution of food products. One of the first logistics service providers to become actively involved in the multi-channel distribution of food products was DHL [80].



The concept of multi-channels and the concept of using an LSP entity to deliver logistics services are mostly separate issues in the literature [81]. This can be seen, among other things, in the development of models for integrating e-commercial platforms into the communication between manufacturer and customer, in which the LSP is treated as a separate entity that is not included in the information flow, but only performs the outsourced logistics services [82]. In our opinion, such an approach is not correct, especially if the distribution network is to fulfil the assumptions arising from omni-channelism and thus ensure the same level of customer satisfaction in each channel [83]. According to some authors, the inclusion of logistics operators in the flows increases the complexity of omni-channel systems [82]; however, the benefits of their use are so significant that their role in such distribution systems is constantly increasing.



In multi-channel systems, it is essential to maintain and make rational use of the knowledge base of customers across channels [84]. End-customer satisfaction is a result of, among other things, the level of logistics service offered by LSPs to network participants [2]. LSPs offer logistics services, but they also provide access to a network of contacts for retailers to leverage their network of relationships to efficiently fulfil orders to customers. They can handle product returns or work with carriers for ‘last-mile’ deliveries [7]. Some authors place the greatest emphasis on last-mile delivery and see it as a critical point in the performance of multi-channel systems. They also note that systems not focused strictly on the last mile, even if LSPs are present, are less effective than those focused on last-mile optimisation [85]. Among the tasks of 3PLs in the field of multi-channel are also the handling of drop shipping logistics and supporting companies in resource management, e.g., using the VMI model [86]. One of the undisputed critical elements related to the functioning of online sales, from the perspective of logistics processes, is precisely an adequate warehouse management system [7]. The adaptation of LSPs to current trends related to digitalisation is also an important element in multi-channel. Digitalisation is changing the market environment in which companies are moving, most notably in terms of changing working environments, customer experiences, and entire business models [6]. This is also the case for multi-channel logistics operators. They have to adapt their operations to current trends and to the requirements of their internal customers, which is consequently considered to be an adaptation of the operators’ business models to contemporary market requirements. In addition, issues such as, for example, the operation of click-and-mortar shops, i.e., shops where orders can be placed electronically or in person by traditional means, require increased logistics integration. This integration should allow customers to order online and pick up their purchases from the nearest shop or return those products at the most convenient location [5]. One of the logistical issues in cross-channel is the delivery from warehouses adapted to the collection process for small shipments. Warehouses adapted to the pick-up process can be linked to existing warehouses. In the cross-channel area, further distribution channels are usually differentiated in the area of last-mile logistics [80]. LSPs in such a situation should pay special attention to the reverse flow of products [74]. Some authors assign logistics related to delivery and product picking and return a high score in estimating the risks that occur in cross-channels [87]. Such risks can be mitigated by outsourcing logistics operations to logistics operators.



The main challenge for LSPs in the omni-channel era is managing the increasing number of small shipments, fulfilling more frequent orders, shorter lead times, a higher number of SKUs, and synchronising distribution processes across channels [1]. The literature notes that logistics service providers should develop their skills and infrastructure towards enhancing their capabilities in automating consignment sorting processes in the area of warehouse management [74]. Concepts such as fully automated warehouses, carbon-neutral buildings, hybrid or all-electric trucks, robotics, drones, and voice- or optically-guided warehouse operations are increasingly being used by LSPs [1]. LSPs should also invest in software and IT platforms to automate transport planning tasks in terms of considering fleet location, road congestion, and capacity [74]. Some researchers note the possibility of combining technological solutions from, among others, the Internet of Things used at the manufacturer with LSP operations [88]. LSPs should tailor logistics services for specific modes of receipt and also demonstrate the ability to integrate their solutions with customer-friendly solutions such as QR codes [78]. Among the main challenges of LSPs is that they need to satisfy customers with different needs in a variety of channels [2]. The literature also indicates in their research that most LSPs create additional customer value in omni-channel systems [89]. Using dedicated applications and personalised IT systems, LSPs aim to increase the transparency of distribution channel flows, create a customer base with their needs, and increase customer satisfaction by improving the quality of logistics services tailored to specific customers. An IT platform can serve as an application, providing seamless digital communication between companies throughout the supply chain [90]. LSPs are also very often tasked with the design and creation of reverse logistics networks [91] and also with the planning of transport routes [92], especially with an emphasis on last-mile delivery planning [89]. Selected LSP activities in distribution networks with multi-channel are indicated in Table 2.



Authors [93] indicate that selecting LSPs and building relationships with them can be counted among the strategic tasks of an omni-channel architect company. According to a study in the literature [79], companies that have been able to transition to omni-channel sales in recent years have been able to achieve an increase in profits from their operations in the range of 5–15%. Also, in terms of increasing the innovation of omni-channel companies, some authors indicate that the use of LSPs in omni-channels can be counted among a set of best practices [94]. Therefore, the proper integration of LSPs in omni-channel structures, although a complex task, can bring many benefits. There is a research gap in the literature related to the role of logistic operators in coordinating omni-channel logistics. Studies on this topic are scattered across various domains, but this article will consolidate, expand, and attempt to clarify a certain viewpoint presented by its authors.





3. Materials and Methods


The theoretical background carried out identified gaps in research on the logistical support of omni-channels. In particular, there is a lack of in-depth research on network coordination in such complex distribution systems. Combining the problematics of network coordination in omni-channels with the problematics of the tasks carried out by logistics operators in omni-channels, we posed the following research questions in the paper:



RQ.1: What role can a logistics operator play in the network coordination of omni-channels?



RQ.2: What forms of network coordination can a logistics operator use to ensure reliable omni-channel flows?



RQ.3: Which network coordination mechanisms are the most powerful in building customer satisfaction in omni-channel systems?



The answer to question 1 was sought in the theoretical background in Section 2.2. Questions 2 and 3, on the other hand, were initiated by isolating a set of network coordination mechanisms in Section 2.1 for each form of coordination. The construct of network coordination is made up of four forms: market, hierarchical, social, and logistical, which use distinctive price, non-price, and flow mechanisms (Table 3).



The coordination mechanisms presented in Table 3 were determined through an extensive review of the literature on network coordination within distribution systems, particularly those focusing on omni-channel distribution. This review encompassed both seminal works and recent studies that detail various forms of coordination and their associated mechanisms. We identified four primary forms of network coordination: market, hierarchical, social, and logistical, each characterized by specific coordination mechanisms. Market coordination mechanisms were derived from sources that emphasize pricing strategies, formal relationships, and bilateral security as key components. Price mechanisms influence the behaviour and decisions of network participants through dynamic pricing strategies. Formal relationships are established via contracts and formal agreements that delineate the terms of collaboration and ensure clear expectations between parties. Bilateral security involves mutual protection and risk-sharing measures that foster stable and reliable partnerships. Hierarchical coordination mechanisms were identified by examining the control structures and systems resulting from different management styles. These mechanisms include organisational integration, which emphasizes the coordination of various departments and functions within and across organisations to achieve cohesive outcomes. Bureaucratic allocation of resources, another hierarchical mechanism, involves a structured and rule-based distribution of resources, ensuring that network activities align with organisational goals and policies. Social coordination mechanisms were derived from the literature focusing on trust, social standards, and significant information exchange. Trust is a crucial element that facilitates smooth interactions and reduces the need for constant monitoring. Social standards refer to the norms and values that guide behaviour within the network, promoting cooperative and consistent actions. Information exchange involves the sharing of relevant data and knowledge, enhancing transparency and collaboration among network participants. Logistical coordination mechanisms were identified as essential for the effective management of complex distribution systems like omni-channel networks. These mechanisms include the management of network participants’ resources from the logistics operator level, forecasting network flows, organising transport and emergency transport, logistical information management, demand management, and the management of human resources and infrastructure within the network. These logistical mechanisms ensure the timely, complete, and damage-free fulfilment of distribution processes, which is critical for maintaining high customer satisfaction levels in omni-channel systems.



Further steps in the search for answers to Questions 2 and 3 were carried out using a research procedure that aimed to develop a tool to assess logistics operators in terms of their predisposition to coordinate omni-channels. To achieve this objective, we conducted a hierarchical analysis of the impact of the different mechanisms used by the logistics operator on the reliability of the omni-channel distribution system. Thus, expert research and AHP analysis were used at this stage (Figure 6).



The procedure presented in Figure 6 was developed by the authors, combining established AHP methodology with novel applications specific to network coordination in omni-channel distribution systems and the role of logistics operators. While grounded in the standards of the AHP method and drawing upon research by other scholars, the procedure’s uniqueness lies in its tailored application to these specific areas. This innovative approach builds on the traditional AHP framework, which decomposes complex problems into hierarchical components for pairwise comparison using expert judgments. By adapting these principles to focus on omni-channel strategies and logistics operators, we extended the AHP method’s applicability, addressing the unique challenges and dynamics of these domains. In summary, the novelty of our procedure is its specific adaptation of the well-established AHP methodology to the context of network coordination, omni-channel distribution, and logistics operators, providing new insights and enhancing the method’s relevance to these fields.



The selection of experts was determined by the narrow research area requiring knowledge of both omni-channel and the role of logistics operators in building customer satisfaction and enhancing distribution network reliability. Twenty-four experts were invited to participate in the study. The expert self-assessment sheet included both knowledge and experience criteria. It was assumed that an expert is a person who works within the structures of a logistics operator in an independent decision-making position that is related to the implementation of warehouse or transport processes in a multi-channel and has professional experience in this area of more than 5 years. We determined the expert’s degree of familiarity with the problem in question on the basis of the expert’s self-assessment on a 10-point scale. The expert’s task was to objectively indicate their own familiarity with the problem, scoring themself from 0 to 10, where 0 meant that the expert had no familiarity with the problem and 10 meant that familiarity with the problem belonged to the expert’s narrow specialisation. On the basis of the competence index (according to the assumption made, it had to exceed 0.5), we qualified 8 experts for further research. The experts’ panel included only senior managers working in 3PL companies. The chosen experts are as follows:




	
Expert 1: Senior Logistics Manager, 12 years of experience, specializing in warehouse and transport management including e-commerce operation.



	
Expert 2: Operations Director, 15 years of experience, responsible for 3PL strategies, also omni-channel implementation.



	
Expert 3: Logistics Analyst, 10 years of experience, expert in supply chain management.



	
Expert 4: Logistics Manager, 8 years of experience, specializing in logistics resource management and warehouse processes in the e-commerce area.



	
Expert 5: Operations Manager, 11 years of experience, focused on optimizing logistics processes and managing transport in an omni-channel environment.



	
Expert 6: Logistics Specialist, 9 years of experience, expert in planning and implementing logistics strategies.



	
Expert 7: Logistics Specialist, 14 years of experience, specializing in logistics system integration and supply chain management.



	
Expert 8: Process Manager, 10 years of experience, responsible for implementing logistics solutions and managing warehouse operations in 3PL.








Each of the selected experts has extensive experience in logistics outsourcing, particularly in activities related to e-commerce and omni-channel strategies. Their individual experiences may influence their interpretations of specific coordination mechanisms; however, the use of the AHP method, which requires pairwise comparisons of factors, helps minimize subjective differences. The procedure also includes consistency verification (CI and CR), which further enhances the objectivity of the results. Therefore, while the experts’ experiences may bring unique perspectives, the AHP methodology and verification process ensure that the results are reliable and representative. Each of the experts was interviewed by the authors of the study and then completed a questionnaire in which they compared in pairs the importance of the different forms and mechanisms of coordination in the coordination of omni-channels.



The assembled experts were introduced to the concept of network coordination in order to clarify the questions that appeared in the survey questionnaire. The survey is one of the most popular and most used research methods [95]. The experts were also introduced to the basic information related to the AHP method—the information was given to them during the introductory interview that preceded their completion of the questionnaire. The expert proceeded to complete the survey after being familiarised with the information mentioned above and had an interviewer available throughout the survey to clarify any doubts. This approach allowed us to obtain correct answers, which were not influenced by dissonance related to the misperception and interpretation of the surveyed factors. On the basis of the responses, we created an AHP evaluation sheet, which primarily served to assess the impact and importance of the different elements of the coordination mechanisms. The analysis included a comparison on a nine-point scale of the impact of the different forms of network coordination and the mechanisms they use. The scale for the importance of assessment is the scale presented in the AHP literature [96].



The AHP method belongs to the group of methods for the multi-criteria evaluation of decision-making problems. It is a hierarchical approach to multi-criteria decision-making that combines quantified with non-quantified and objectively measurable with subjective criteria [96]. The method involves breaking a complex problem into its component parts and then comparing them in pairs using expert knowledge. AHP works particularly effectively when the relationships between the components of a decision are unknown, while the cumulative end result is easy to predict [97]. The AHP method is also used to evaluate individual components, in addition to indicating the abundance of individual scores for each component and inferring from the mean and median of the results obtained [96]. This approach implies the use of two measures, i.e., CI (consistency index) and CR (consistency ratio).



The CI increases as the inconsistency of the estimates increases and is calculated with the following formula:


  C I =     λ   m a x   − n   n − 1    











CR, in turn, is the ratio of the CI of the matrix containing the expert’s assessments of pairwise comparisons to the mean value of the random pairwise comparison consistency indices and is given by the following formula:


  C R =   C I   r   =     λ   m a x   − n   r ( n − 1 )   100 %  








where



	
λmax—the eigenvalue of the matrix and is one measure of the consistency of comparisons, reflecting the proportionality of preferences,



	
n—the number of elements being compared with each other,



	
r—the mean value of the coherence indices of the random pairwise comparisons.






As a rule of thumb, an expert’s judgements are assumed to be consistent if the CR is no greater than 0.1 (CR < 10%) [98]. The assumed value of r varies depending on the dimension of the matrix (n). The values of r determined from computer simulation are standard values from the literature [96].



A high CR and CI in the AHP method may be caused by imperfections in the hierarchy of criteria or inconsistency in the decision-making of an expert or group of experts. When there is inconsistency in expert judgements, this may be due to differences in experience or preferences, leading to subjective judgements. On the other hand, inadequacies in the hierarchy of criteria may be due to inaccurate prioritisation of criteria or failure to consider all relevant factors [99]. In order to minimise the impact of these factors on the results, it is important that an expert or group of experts carefully thinks through and agrees on the hierarchy of criteria and makes judgements consistently. After assessing the consistency of the individual experts, it was decided to assign weights to the individual experts’ assessments based on the criterion related to the value of the CR index and to reassess the importance of the individual factors in relation to network and logistical coordination. The AHP method, which we chose, has already been used to describe the problematic activities of logistics operators e.g., for sustainable development [82].




4. Results


The experts who took part in the study rated the links between the various forms of network coordination and then the network coordination mechanisms by weight. A heatmap showing the number of occurrences of each rating for each rated element is presented in Figure 7.



The elements of logistics coordination that the experts indicated most often as elements to the right of the heatmap are presented in Figure 3, and at the same time the elements that most often had a strong advantage over the elements compared, were the management of network participants’ resources from the logistics operator level and the forecasting of flows in the network. The latter element showed a deeper embeddedness with a greater impact on the other elements. Therefore, it can be concluded that these elements are the elements most often indicated by experts as those with the greatest advantage over the others in the coordination of omni-channels from the position of the logistics operator. Demand forecasting by the operator can bring a number of benefits, such as the fact that operator-generated forecasts can support the demand plans of producers in distribution networks [13] but also increase flexibility in response to fluctuations in demand that would be signalled by a well-structured forecasting system. Resources management in the network from an operator’s perspective is also an important element, which is a well-constructed system of resources management of the individual links in the network and will enable a reduction in the overall stock level, as well as a better availability of products from stock. On the other hand, the most frequently selected element that had the least importance in logistical coordination is the one related to the organisation of transport and extraordinary transport. Thus, the experts indicated that, according to past experience, extraordinary transport is not a mechanism commonly used in the coordination of flows in omni-channel systems. Among the mechanisms characteristic of the market, hierarchical and social forms, price, organisational integration, and trust are the most important. Table 4, Table 5, Table 6, Table 7 and Table 8 show the arithmetic averages and medians obtained from the given assessment. The given numerical values were presented as x(y), where x is the value corresponding to the mean of the results obtained; and y is the value corresponding to the median of the results obtained. Results were presented rounded to two decimal places.



Based on the averaged expert responses (Table 5), logistics coordination is deemed more important than other forms of network coordination. Given the survey’s focus on the logistics operator’s role, this result is expected. Experts recognize the significant role of logistics functions and services in distribution networks. Interestingly, experts prefer the hierarchical form over the social and market forms, with the social form slightly edging out the market form.



Based on the averaged expert responses (Table 6), the importance of various elements in logistics coordination is ranked as follows: network flow forecasting, resource management at the operator level, demand management, logistical information management at the operator level, human resources and network infrastructure management, and the organisation of transport and extraordinary transport.



The experts also determined the importance of the different elements related to market coordination mechanisms (Table 7), ranking them as follows: price, formal relationships, and bilateral collateral.



Based on the experts’ averaged assessment (Table 9), it can be concluded that the hierarchy of importance of the different hierarchical coordination mechanisms is as follows: organisational integration, structures and control systems resulting from management style, and the bureaucratic allocation of resources.



According to Table 9, the averaged evaluation of the experts showed the following hierarchy for social coordination mechanisms: trust, social standards, and significant information exchange. In a further analysis, according to the assumptions of the AHP, CR and CI values were calculated for the answers given by each expert. CR and CI values were rounded to three decimal places (Table 9, Table 10 and Table 11). Green boxes indicate reasonable consistency and red boxes indicate not consistent.



When assessing the forms of network coordination (Table 9), i.e., logistical, market, hierarchical, and social coordination, the highest consistency in responses was shown by expert No. 1 and the lowest by expert No. 7. The experts, in this case, gave mostly consistent answers (62.50% of experts with a CR indicator expressing the consistency of answers).



In the case of the assessment of logistical coordination (Table 10), only one expert (expert 4) showed consistency in the responses. A high CR in the AHP method indicates a lack of consistency in the assessments of an expert or group of experts and may mean that the hierarchy of criteria is imperfect. However, this does not mean that the expert’s assessment is completely invalid. The expert’s assessment may still have value but should be carefully analysed in the context of the performance of other experts and in the context of the hierarchy of criteria. A high CR may suggest that some of the expert’s assessments may be more subjective or flawed, leading to uncertain results.



With regard to the market, hierarchical, and social form (Table 11), the answers with the highest consistency were shown by expert No. 5, whose assessments were all consistent, while on the other hand, the expert whose assessments in this respect were the least consistent was expert No. 6 (all assessments were characterised by an excessively high CR indicator). In general, a high CR indicator can be seen in the experts’ assessments. A high CR indicator may suggest that it is worth re-examining the hierarchy of criteria or reflecting carefully on the results, but it does not mean that the expert’s assessment is completely worthless. An expert’s subjective assessment can be considered good when it is based on sound knowledge and experience in the field and is consistent with the hierarchy of criteria and the objectives of the analysis. The baseline results were further evaluated by means of a weighting assessment, where the importance of each assessment was averaged. This modified the baseline structure of the averaged scores shown at the beginning of the analysis. The weights were determined from the calculated consistency coefficients for the individual experts and were assigned based on an arbitrarily created scoring scale (Table 12), which was the starting point for developing the weights of the individual expert assessments.



The assigned scores based on the consistency of the experts’ responses for each factor and the assigned weights are shown in Table 13.



Regarding the consistency of the assessments, expert No. 8 received the highest weight due to the most consistent responses, while expert No. 7 showed the least consistency. These calculated weights were used to recalculate the averaged results from the experts’ answers, producing a weighted average. Figure 8, Figure 9, Figure 10, Figure 11, Figure 12 and Figure 13 display the importance ratings of individual factors, averaged using these consistency-based weights.



The management of network participants’ resources from the operator level has great advantages over elements related to the organisation of transport and extraordinary transport, the management of human resources and infrastructure in the network, and the management of logistical information from the logistics operator level.



The forecasting of flows in the network has great advantages over mechanisms related to the organisation of transport and emergency transport, the management of human resources and infrastructure in the network, and the management of logistical information from the level of the logistics operator.



The organisation of transport and emergency transport has a slight advantage over resource management, however, it continues to be the element that is positioned lowest in the hierarchy.



The management of logistical information from the logistics operator level has a moderate advantage over the organisation of transport and extraordinary transport and the management of human resources and infrastructure in the network.



The demand management element has a strong advantage over the organisation of transport and extraordinary transport and a moderate advantage over logistical information management from the logistics operator level and the management of human resources and infrastructure in the network.



The element ‘human resources and infrastructure management in the network’ has a slight advantage over transport and extraordinary transport organisation, information management from the logistics operator level, and human resources and infrastructure management in the network. The final assessment of the individual forms of logistics coordination and the individual mechanisms was based on the results of the AHP method carried out, where the weights were calculated based on the local weights for the individual elements of the forms of coordination and the weights of the individual forms (Table 14).



The analysis reveals the following hierarchy in logistical coordination, highlighting the dominance of certain elements: forecasting network flows and managing stocks from the logistics operator level (both significantly more important than others); demand management and logistical information management from the operator level (both similarly rated); and, lastly, human resources and network infrastructure management (sharing economy) and organising transport and extraordinary transport. For market-based coordination mechanisms, the discrepancies between element weights are smaller, with the hierarchy as follows: price, formal relationships, and bilateral collateral. For hierarchical coordination mechanisms, the criteria are organisational integration, structures and control systems from management style, and bureaucratic resource allocation, with the first two elements similarly weighted. In social coordination mechanisms, trust is rated highest, followed by social standards and significant information exchange, with the latter two rated similarly. The final weights and the overall hierarchy of criteria for network coordination are shown in Figure 14.



The most important elements in network coordination by the form of coordination are organisational integration (hierarchical form, weight of 0.1342), forecasting of network flows (logistic form, weight of 01312), structures and control systems resulting from management style (hierarchical form, weight of 0.1216), and management of network participants’ resources from the logistics operator (logistic form, weight of 0.1148).




5. Discussion


The coordination mechanisms identified in the research, which logistics operators can apply as a personalised combination consisting of market, social, hierarchical, and logistical coordination mechanisms, are an extension of other authors’ research in both the area of network coordination and the role of the logistics operator in omni-channel systems. Many researchers point to the relationship between the development of omni-channel systems [100,101,102,103] and the increasing role of logistics operators in ensuring the reliability of flows in such complex distribution systems [48]. The mechanisms identified in our study allow us to address the challenges posed by the development of omni-channel. The results presented so far by other authors have focused in particular on pointing out the importance of LSPs in integrating omni-channel operations and reducing their operating costs [16,104,105]. Thus, the authors point to the relationship between selected flow mechanisms and the reliability of flows in distribution systems, without discussing the role of the logistics operator in network coordination. Publications on network coordination, on the other hand, do not delve deeper into logistics coordination [63,106,107], which we have expanded in our research as a set of flow mechanisms. The conceptualisation of logistics coordination is an important contribution to the study of network coordination, especially in supply, distribution, procurement, and production networks.



The role of the logistics operator in omni-channel network coordination, as we have shown, is not limited to logistics coordination based on flow mechanisms but points to the need to use mechanisms of various forms of coordination. We continued to identify as important mechanisms those based on price and also non-price mechanisms, including in particular formal relationships, structures, and control systems resulting from management style as well as organisational integration and above all trust. All of these factors have also been shown to be important in studies by other authors studying network coordination [61,63]. Interestingly, on the basis of the research conducted, the mechanism with the least importance among the mechanisms of the logistics coordination form is the one related to organising transport and extraordinary transport. Transport is one of the most important functions in the supply chain, and its role is particularly important in last-mile logistics, i.e., the final stage of delivering goods to the end customer [108]. Nowadays, with the development of e-commerce and online sales, transportation in last-mile logistics has become extremely important, as this is where end-customers have direct contact with the goods and the delivery service [109]. In our opinion, this is related to the global framing of the transport issue and the lack of targeting of the question precisely under the specifics of transport in the reality of last-mile logistics.



The methodology we used is not new and refers to the research of other authors. Due to its qualities, the AHP method is often used to assess multiple factors influencing the problem under investigation. Research using the AHP method has been conducted for omni-channel issues [110,111,112,113,114], logistics operator selection [115,116,117], and also the analysis of network coordination mechanisms [118,119,120]. Thus, various authors addressing the issues we have addressed have drawn on similar methodologies. Our practical contribution to this body of the literature is the development of a tool that is dedicated to participants in omni-channel distribution. We have named this tool the ‘Multicriteria assessment sheet of the coordination competence of logistics operators for omni-channel systems’ (Figure 15). This tool links the role of the logistics operator in such systems to the challenges posed to the logistics operation of such systems and also to the network coordination mechanisms.



The developed tool is at the same time a response to the needs of organisations expanding their omni-channel systems and looking for a service provider that is able to coordinate such networks. Indeed, with data on the coordination mechanisms used by potential logistics operators using the developed tool, it is possible to select the operator that is best suited to omni-channel network coordination. Based on AHP analysis there was a proposition of evaluation of logistics services providers [86], but firstly this issue could be extended by coordination mechanisms. Despite the very different mechanisms included in the developed tool, in order to standardise the calculations, we proposed the same assessment system. Each criterion is evaluated on a 10-degree scale. We have adopted the following scoring:




	
The operator does not use the mechanism.



	
1–4: the operator uses the mechanism only to a limited extent.



	
5–6: the operator uses the mechanism but not comprehensively (selected range of instruments and/or for a selected area of the network).



	
7–9: the operator uses the mechanism to a significant extent.



	
10: the operator applies the mechanism fully and comprehensively.








This is the initially proposed concept for evaluating criteria, which is being used in the testing of this tool. Ultimately, we plan to detail the AHP evaluation sheet itself with one more level to assess mechanisms. This level will include a set of specific instruments that can be used for coordination through a specific mechanism. This concept requires separate research and will be pursued in the next stage of the tool’s development.



The main limitation of the study is the small number of experts who took part in the survey. In the survey, we set high requirements for the competence of the experts, in which we combined both knowledge and experience in the work of the logistics operator and the omni-channel logistics service. These requirements gave us a high degree of confidence in the results obtained; however, they limited the potential set of experts. In addition, the mechanisms identified are universal, which is both an advantage and a disadvantage of this research. The tool can be used by omni-channel irrespective of the geographical area; however, in order to obtain even more accurate results in the future, we want to extend the research to include mechanisms related to the impact also on last-mile transport, which is strongly dependent on solutions in individual countries. Thus, we believe that it is worthwhile to investigate whether the importance of individual network coordination mechanisms will vary from country to country.




6. Conclusions


As demonstrated in our research, a logistics operator aiming to effectively perform the role of a flow coordinator in an omni-channel network must possess a set of tools outlined within the mechanisms of logistics coordination. We have proposed that logistics coordination should be treated as one of the forms of network coordination. The framework of logistics coordination developed by us extends the previously identified flow coordination mechanisms within the network. This is justified by the requirements currently imposed on flow coordinators in omni-channel systems. The analysis conducted by the authors revealed a significant cognitive gap associated with the operational mechanisms of logistics operators within the context of intricate network coordination structures in omni-channel systems. Research on this subject has thus far been carried out separately for each of these domains, resulting in a lack of a coherent and holistic approach to the problem. As a result, the authors identified a deficit in existing literary positions that could genuinely present the essential characteristics required for logistics operators to achieve effective network coordination within diverse networks and supply chains. To address this existing knowledge gap, the authors opted for extensive research, integrating theoretical analysis with empirical field studies. Through this balanced approach, they aimed to comprehend deeper aspects of logistics operators’ functioning mechanisms within the context of modern omni-channel network structures. The theoretical analysis facilitated the extraction of key theoretical frameworks underpinning the functioning of omni-channel logistic systems, while empirical studies provided real-world data and examples that either confirmed or complemented the theoretical assumptions. The authors endeavoured to contribute to the advancement of knowledge in the realm of logistics operator activities in omni-channel networks by identifying missing pieces in the literature and subsequently filling these gaps through comprehensive theoretical and empirical investigations. Such an approach allowed for a more coherent and comprehensive perspective on the subject of network coordination, as well as the formulation of concrete conclusions and recommendations for business practices in the context of omni-channel networks and supply chains.



The research carried out using the AHP method allowed the development of a multi-criteria evaluation tool for the selection of a logistics operator for omni-channel system coordination. The presented multi-criteria evaluation sheet makes it possible to compare multiple logistics operators for a better fit to perform the function related to network coordination in omni-channel systems. In this evaluation sheet, the evaluation is achieved by means of the forms of logistical, social, hierarchical, and market coordination identified in the paper. Each of these forms is assigned weights determined by the authors on the basis of the AHP analysis carried out and additional analyses to determine the importance of the different elements of the mentioned forms of coordination. The AHP method, used in the research, is a mathematical tool that allows for the hierarchical comparison and weighting of different criteria. Thus, the authors were able to determine exactly which factors are most important in the evaluation of logistics operators for coordination in omni-channel systems. The results of this research and the developed multi-criteria evaluation tool for logistics operators can be very useful for companies that want to optimise their logistics processes in omni-channel systems. By doing so, they will be able to better match the choice of logistics operator to perform the network coordination function in omni-channel systems, thus improving their competitiveness. This tool can also be used by logistics operators, who can carry out a self-assessment and determine the development directions they want to take in omni-channel services.



The limitations of the tool indicated in the discussion relate in particular to the omission of the last-mile issue from the survey. We believe that this is an extremely important element that should be included in the tool developed in the future. Indeed, logistics operators may have different capacities to cooperate with cities in the implementation of last-mile transport. Developing the right approach to include this element in the assessment of logistics operator competence requires separate research on this issue. The research must take into account the different organisational and legal arrangements for city logistics and the cooperation of freight transport stakeholders with the city. The challenge will be to integrate this part of the research into the methodology already developed to date for assessing logistics operators. According to the authors, however, this will allow a full assessment of the ability of logistics operators to coordinate omni-channels and to compare operators on the basis of their specificities. Such an approach, in addition to creating a full evaluation sheet for comparing operators, can also bring tangible practical benefits. Companies operating omni-channel systems can support their decision-making process related to the selection of a logistics service provider by including the aforementioned tool in their selection assessment. One significant area of exploration is the integration of last-mile delivery capabilities into the existing multi-criteria evaluation tool. Future studies could focus on developing specific metrics and criteria for assessing logistics operators’ competencies in managing last-mile logistics, especially in urban environments. This would involve detailed analyses of city logistics frameworks, regulatory environments, and the capabilities of logistics operators to collaborate with municipal authorities and other stakeholders in freight transport. Future research could also investigate the impact of emerging technologies on logistics coordination in omni-channel systems. Technologies such as artificial intelligence, blockchain, and the Internet of Things (IoT) offer the potential to enhance coordination mechanisms by providing real-time data, improving transparency, and enabling more efficient resource management. Examining how these technologies can be integrated into logistics coordination frameworks and assessing their impact on performance and customer satisfaction would be valuable. Another promising research direction is the exploration of sustainable logistics practices within omni-channel networks. As environmental concerns become increasingly critical, understanding how logistics operators can implement sustainable practices, such as green transportation methods, energy-efficient warehousing, and waste reduction strategies, will be essential. Future studies could develop and test evaluation criteria for sustainability and examine the trade-offs between operational efficiency and environmental impact.
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Figure 1. Clusters and connections between the main keywords based on SCOPUS elaborated on VOSviewier. 
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Figure 2. Connection with main cluster “network governance” elaborated on VOSviewier. 
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Figure 3. Connection with main cluster “3PL” elaborated on VOSviewier. 
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Figure 4. Connection with main cluster “omni-channel” elaborated on VOSviewier. 
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Figure 5. Number of papers about “network coordination” or “network governance” according to SCOPUS database. 
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Figure 6. Test procedure. 
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Figure 7. A heatmap for the number of occurrences of elements at the adopted impact scale (green—the factors with the less number of answers, red are the factors with the largest number of answers). 
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Figure 8. The importance of the element ‘management of participant resources in the network from the logistics operator level’ in relation to the other elements of logistics coordination in the averaged assessment and after applying the weighting assessment. 
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Figure 9. The importance of the element ‘forecasting flows in the network’ in relation to the other elements of logistics coordination in the averaged assessment and after applying the weighting assessment. 
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Figure 10. The importance of the element ‘organisation of transport and extraordinary transport’ in relation to the other elements of logistics coordination in the averaged assessment and after application of the weighting assessment. 
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Figure 11. The importance of the element ‘logistical information management from the level of logistics operator’ in relation to the other elements of logistics coordination in the averaged assessment and after applying the weighting assessment. 
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Figure 12. The importance of the element ‘demand management’ in relation to the other elements of logistics coordination in the averaged assessment and after applying the weighting assessment. 
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Figure 13. The importance of the element ‘management of human resources and infrastructure in the network’ in relation to the other elements of logistics coordination in the averaged assessment and after applying the weighting assessment. 
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Figure 14. The hierarchy of criteria in the network coordination framework taking into account the form of logistical coordination. 
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Figure 15. Multi-criteria evaluation sheet for coordination competence of logistics operators for omni-channel systems. 
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Table 1. Network coordination or network governance aspects connected with logistics based on research papers indexed in SCOPUS.
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Research Papers

	
Network Coordination or Network Governance Aspects




	
Important Role of Logistics in the Network Coordination

	
Logistics Coordination Concept

	
Important Role of Logistics Outsourcing (Like 3PL or LSP)

	
Network Coordination in the Context of Omni-Channels






	
[11,12,13]

	
yes

	
yes

	
yes

	
no




	
[21,22,23,24,25,26]

	
yes

	
no

	
no

	
no




	
[27,28,29,30,31,32,33,34,35]

	
no

	
yes

	
no

	
no




	
[36]

	
no

	
yes

	
no

	
yes




	
[37,38,39,40,41]

	
yes

	
yes

	
no

	
no




	
[42,43,44,45]

	
no

	
yes

	
yes

	
no











 





Table 2. Selected activities carried out by LSPs in distribution networks in which multi-channelism is present.
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Selected Activities Carried out by the LSP




	
in Multi- and Cross-Channels

	
in Omni-Channels






	

	
maintaining flexibility in dealing with



	
different distribution channels.



	
generating added value for the network’s



	
internal and end customers.



	
maintaining and making rational use of the



	
customer knowledge base across channels.



	
fitting a warehouse management system.



	
supporting various distribution models (e.g.,



	
drop shipping or VMI) with logistics services.



	
aligning the operator’s structures with



	
current market trends related to



	
digitalisation.



	
handling product returns.



	
implementation of last-mile logistics.



	
differentiating distribution in terms of last-mile logistics.






	

	
elements from multi- and cross-channel



	
operation.



	
handling significantly growing small consignments.



	
optimising distribution through various channels.



	
shortening the lead time for orders of an increasing number of SKUs.



	
designing backflows.



	
increasing the level of automation in



	
logistics processes.



	
implementing platforms and software for



	
information exchange.



	
supporting retailers, creating value for the



	
entire network.



	
reduction in omni-channel costs.



	
developing and implementing modern



	
technologies.
















 





Table 3. The network coordination mechanisms considered in the AHP method.
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	Forms of Network Coordination
	Coordination Mechanisms





	market
	
	
Price.



	
Formal relationships.



	
Bilateral security.








	hierarchical
	
	
Control structures and systems resulting from management style.



	
Organisational integration.



	
Bureaucratic allocation of resources.








	social
	
	
Trust.



	
Social standards.



	
Significant exchange of information.








	logistical
	
	
Network participants’ resources management from the logistics operator level.



	
Forecasting network flows.



	
Organisation of transport and extraordinary transport.



	
Logistical information management from the logistics operator level.



	
Demand management.



	
Management of human resources and infrastructure in the network.















 





Table 4. Mean magnitudes and median scores associated with determining the advantage between the forms of network coordination assessed.






Table 4. Mean magnitudes and median scores associated with determining the advantage between the forms of network coordination assessed.





	Network Coordination
	Logistical

Coordination
	Hierarchical

Coordination
	Social

Coordination
	Market

Coordination





	Logistical coordination
	1.00 (1.00)
	2.00 (1.00)
	3.25 (3.00)
	2.00 (1.00)



	Hierarchical coordination
	0.73 (1.00)
	1 (1.00)
	3.00 (3.00)
	2.00 (1.00)



	Social coordination
	0.38 (0.33)
	0.47 (0.33)
	1.00 (1.00)
	1.42 (1.00)



	Market coordination
	0.73 (1.00)
	0.73 (1.00)
	1.09 (1.00)
	1.00 (1.00)










 





Table 5. Mean magnitudes and median scores associated with determining the advantage between the logistical coordination mechanisms assessed.






Table 5. Mean magnitudes and median scores associated with determining the advantage between the logistical coordination mechanisms assessed.





	Forms of Logistical Coordination
	Network Participants’ Resources Management and from the Logistics Operator Level
	Forecasting Network Flows
	Organisation of Transport and Extraordinary Transport
	Logistical Information Management from the Logistics Operator Level
	Demand Management
	Management of Human Resources and Infrastructure in the Network (Sharing Economy)





	network participants’ resources management and from the logistics operator level
	1.00 (1.00)
	1.94 (1)
	7.5 (8.00)
	5.00 (5.00)
	2.05 (2.00)
	5.50 (6.00)



	forecasting network flows
	2.73 (1.00)
	1.00 (1.00)
	7.75 (8.00)
	5.50 (5.00)
	2.42 (3.00)
	6.75 (7.00)



	organisation of transport and extraordinary transport
	0.14 (0.13)
	0.13 (0.13)
	1.00 (1.00)
	0.62 (0.67)
	0.85 (0.14)
	1.55 (1)



	logistical information management from the logistics operator level
	0.22 (0.20)
	0.20 (0.20)
	2.75 (2.00)
	1.00 (1.00)
	1.10 (0.67)
	3.05 (3.00)



	demand management
	1.65 (0.67)
	0.82 (0.33)
	6.08 (6.99)
	3.33 (2.00)
	1.00 (1.00)
	2.50 (1.00)



	management of human resources and infrastructure in the network (sharing economy)
	0.22 (0.17)
	0.17 (0.14)
	1.75 (1.00)
	1.53 (0.33)
	0.79 (1.00)
	1.00 (1.00)










 





Table 6. Mean magnitudes and median scores associated with determining the advantage between the market coordination mechanisms assessed.






Table 6. Mean magnitudes and median scores associated with determining the advantage between the market coordination mechanisms assessed.





	Forms of Market

Coordination
	Price
	Formal Relations
	Bilateral Collateral





	price
	1 (1)
	1.75 (1)
	1.5 (1)



	formal relations
	0.82 (1)
	1 (1)
	1.5 (1)



	bilateral collateral
	0.83 (1)
	0.83 (1)
	1 (1)










 





Table 7. Mean magnitudes and median scores associated with determining the advantage between the hierarchical coordination mechanisms assessed.






Table 7. Mean magnitudes and median scores associated with determining the advantage between the hierarchical coordination mechanisms assessed.





	Forms of Hierarchical

Coordination
	Management Style Control Structures and Systems
	Organisational Integration
	Bureaucratic Allocation of Resources





	management style control structures and systems
	1.00 (1.00)
	2.00 (1.00)
	1.50 (1.00)



	organisational integration
	0.81 (1.00)
	1.00 (1.00)
	3.50 (3.00)



	bureaucratic allocation of resources
	0.83 (1.00)
	0.52 (0.33)
	1.00 (1.00)










 





Table 8. Mean magnitudes and median scores associated with determining the prevalence between the social coordination mechanisms assessed.






Table 8. Mean magnitudes and median scores associated with determining the prevalence between the social coordination mechanisms assessed.





	Forms of Social Coordination
	Trust
	Social Standards
	Significant Exchange of Information





	trust
	1.00 (1.00)
	4.25 (4.00)
	2.75 (3.00)



	social standards
	0.34 (0.27)
	1.00 (1.00)
	1.25 (1.00)



	significant exchange of information
	0.55 (0.33)
	0.92 (1.00)
	1.00 (1.00)










 





Table 9. CR and CI values for network coordination (n = 4; r = 0.89).






Table 9. CR and CI values for network coordination (n = 4; r = 0.89).





	Expert
	CR Value
	CI Value





	1
	0.043
	0.038



	2
	0.200
	0.180



	3
	0.058
	0.052



	4
	0.100
	0.090



	5
	0.127
	0.115



	6
	0.057
	0.052



	7
	0.562
	0.506



	8
	0.057
	0.052










 





Table 10. CR and CI values for logistical coordination (n = 6; r = 1.25).






Table 10. CR and CI values for logistical coordination (n = 6; r = 1.25).





	Expert
	CR Value
	CI Value





	1
	0.178
	0.221



	2
	0.170
	0.211



	3
	0.215
	0.267



	4
	0.065
	0.081



	5
	0.407
	0.505



	6
	0.240
	0.298



	7
	0.186
	0.230



	8
	0.170
	0.211










 





Table 11. CR and CI values for market, hierarchical, and social forms (n = 3; r = 0.52).






Table 11. CR and CI values for market, hierarchical, and social forms (n = 3; r = 0.52).





	
Expert

	
Market Form

	
Hierarchical Form

	
Social Form




	
CR Value

	
CI Value

	
CR Value

	
CI Value

	
CR Value

	
CI Value






	
1

	
0.025

	
0.015

	
0.259

	
0.150

	
0.117

	
0.068




	
2

	
0.000

	
0.000

	
0.000

	
0.000

	
0.117

	
0.068




	
3

	
0.000

	
0.000

	
0.117

	
0.068

	
0.000

	
0.000




	
4

	
0.117

	
0.068

	
0.401

	
0.233

	
0.070

	
0.041




	
5

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
6

	
0.117

	
0.068

	
0.117

	
0.068

	
0.401

	
0.233




	
7

	
0.000

	
0.000

	
0.516

	
0.299

	
0.025

	
0.015




	
8

	
0.000

	
0.000

	
0.025

	
0.015

	
0.025

	
0.015











 





Table 12. Adopted assessment scale for experts.






Table 12. Adopted assessment scale for experts.





	
Size Range of CR for Individual Elements

	
Assessment




	
from

	
to

	






	
0.000

	
0.050

	
5




	
0.050

	
0.100

	
4




	
0.100

	
0.150

	
3




	
0.150

	
0.180

	
2




	
0.180

	
0.200

	
1




	
0.200

	
∞

	
0











 





Table 13. Assessment of experts’ responses for consistency of their responses.






Table 13. Assessment of experts’ responses for consistency of their responses.





	Expert
	Number of Decision Matrices with CR < 0.1
	Number of Points Network Coordination
	Number of Points Logistical Coordination
	Number of Points Market Coordination
	Number of Points Hierarchical Coordination
	Number of Points Social Coordination
	Total Points
	Assessment Weight *





	1
	2
	5
	1
	5
	0
	0
	13
	0.101



	2
	2
	0
	1
	5
	5
	5
	18
	0.140



	3
	2
	4
	0
	5
	3
	3
	17
	0.132



	4
	3
	4
	4
	3
	0
	0
	14
	0.109



	5
	3
	3
	0
	5
	5
	5
	21
	0.163



	6
	1
	4
	0
	3
	3
	3
	14
	0.109



	7
	2
	0
	1
	5
	0
	0
	8
	0.062



	8
	4
	4
	1
	5
	5
	5
	24
	0.186







   *   g r a d e   w e i g h t   =     e x p e r t ’ s   g r a d e   s u m   o f   g r a d e s   o f   a l l   e x p e r t s     













 





Table 14. The final evaluation of the hierarchy of expert-assessed elements of network coordination from a logistical coordination perspective.






Table 14. The final evaluation of the hierarchy of expert-assessed elements of network coordination from a logistical coordination perspective.





	
Criterion

	
Criterion Weight

	
Sub-Criterion

	
Sub-Criterion Weight

	
Final Weight






	
Forms of logistical coordination

	
0.41

	
network participants’ resources management and from the logistics operator level

	
0.28

	
0.11




	
forecasting network flows

	
0.32

	
0.13




	
organisation of transport and extraordinary transport

	
0.06

	
0.02




	
logistical information management from the logistics operator level

	
0.10

	
0.04




	
demand management

	
0.17

	
0.07




	
management of human resources and infrastructure in the network (sharing economy)

	
0.06

	
0.02




	
Market forms

	
0.14

	
price

	
0.40

	
0.06




	
formal relations

	
0.33

	
0.05




	
bilateral collateral

	
0.27

	
0.04




	
Hierarchical forms

	
0.32

	
management style control structures and systems

	
0.38

	
0.12




	
organisational integration

	
0.42

	
0.13




	
bureaucratic allocation of resources

	
0.20

	
0.06




	
Social forms

	
0.13

	
trust

	
0.60

	
0.08




	
social norms

	
0.20

	
0.03




	
significant exchange of information

	
0.19

	
0.02

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
ot
oo oo S o

= o s
o oo -
e T—————— : =
i o
ey T e ey o
I o mn .
ot o
= T m—
o o £ e






media/file4.png
o i
® .ana'ﬁ-:he *‘r \e-‘.s'

.ru“..’rw“f
02 Itk s o O OO« -
TR ase @udies logisticdipdustry N
® e @ @ L4 . / per’fOf%ﬂC.‘t“Qme*n‘.
.‘"r.,;r'.
. Py 1.-/1!43(\1' 30 "5 ‘H.V"{C‘”"" . — e
o i 1" W provide
g g
«® ‘® ' | AR

S freight trappo rta
cost cll.r.--mg, N .3

cmﬁa O |
!rwc.xa”tm, s’ ‘, : A
x‘-.: o 1':'.. ‘ : W\
* f,'.-‘.'.-'u'.'.‘. _‘r. 3 ® :f'.fhi )I‘.r..g‘. .‘ N por@Lion .
O i anems
® e o
_~ «: ode < .
w7 9.
e °. o ma‘ 30 _ "f.“‘“‘?"' sales e
* Sy remuot sy " ogistics service supply chain
44 & .
- a . . ‘.'v' ..1..
2 pups eder ABocaton
4 _,__.,{_. ° order diocatio

i foysty
.
L)
* om i
@ ANSPOrtIPOn system
. & RO figdas @ - migdelve
. b con@ et o
o (g i
aade .."';A .'..-'.'. n
werenni L7 AR A0S
hanne @eraion @ ° omni-Chatiel strategy
oo '. nese

explorsry study rets





media/file30.png
LOGISTICS OPERATOR

ATTRIBUTES

Operator

. . assessment Weighting Final
Forms of network coordination (A) Weight (B) (from 0 to 10) | assessment (D) asse(s::l;lent
©
organisational integration 0.1344
forecasting flows in the network 0.1312
control structures and systems resulting from the management style 0.1216
network participants resources management and from the level of logistics{ 0.1148
trust 0.0780
demand management 0.0697
bureaucratic allocation of resources 0.0640
price 0.0560
formal relationships 0.0462
logistical information management from the level of logistics operator 0.0410
bilateral collateral 0.0378
social standards 0.0260
significant exchange of information 0.0247
organisation of transport and extraordinary transport 0.0246

human resources and infrastructure management in the network (sharing ec

0.0246

column (D) = (B) * (C)
column (E) = sum of values fr(D)






media/file18.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

forecasting flows in the networ

"4
%

management of resources  forecasting flows in the organisation of transport: logistical information demand management human resources and
of the network participants network and extraordinary management from the infrastructure
and from the logistics transport level of logistic operator management in the
- - - 5 3

AVERAGE WWEIGHTED AVERAG





media/file21.jpg
logistical information management from the level of logistic operator

e iogend

oo






media/file31.png





media/file26.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

human resources and infrastructure management in the network (sharing
economy)

management of resources  forecasting flows in the organisation of transport  logistical information demand management human resources and
of the network participants network and extraordinary management from the infrastructure
and from the logistics transport level of logistic operator management in the
operator level network (sharing economy)

B AVERAGE WBWEIGHTED AVERAGE





media/file27.jpg
Y

et . —16%

—— 145

Mt o —— 750
e et g . —— 7%






media/file3.jpg





media/file22.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

logistical information management from the level of logistic operator

management of resources  forecasting flows inthe  organisation of transport ogistical information demand management human resources and
of the network participants network and extraordinary management from the infrastructure
and from the logistics transport level of logistic operator management in the
operator level network (sharing economy)

AVERAGE W WEIGHTED AVERAGE





media/file19.jpg
EEEEEEEEES

organization of transport and extraordinary transport





media/file7.jpg





media/file28.png
organisation of transport and extraordinary transport

human resources and infrastructure management in the network (sharing economy)
significant information exchange

social standards

bilateral collateral

logistical information management from the level of logistics operator

formal relationships

price

bureaucratic allocation of resources

demand management

trust

network participants resources management and from the logistics operator level
control structures and systems resulting from the management style

forecasting flows in the network

organisational integration

I [ 3.44 %

I [ 3.12%

I [ 2.16%

I [ 1.48%

I 7. 80%

I (.97 %

I 6.40%

I 5.60%

I 462 %

I 4.10%

I 3.78%

I 2 .60%
I 2 .47%
I 2.46%

I 2.46%

0.00% 2.00% 4.00%

6.00%

8.00% 10.00% 12.00% 14.00% 16.00%





media/file10.png
n of apers

== No of papers - network coordination

= = No of papers - network governance

40
33
30 &
30 ! :
23 23
. 22
20 :
17 % : .
: 16
S 15 15 :
10
1 1 1 1 1
0 0 0 0 0 0 0
0 T L L
1995 2000

YEAR






media/file14.png
0.111

0.143

0.200

0.333

1.000

3.000

5.000

7.000

9.000

Logistic forms

network participants resources management and from the level of logistic
operator

forecasting flows in the network

organisation of transport and extraordinary transport

logistical information management from the logistics operator level

demand management

human resources and network infrastructure management (sharing economy)

Market forms

price

formal relationships

bilateral collateral

Hierarchical forms

management stvle control structures and systems

organisational integration

bureaucratic allocation of resources

Social forms

trust

social standards

significant

=~ | |4 |4=

b |Wh W | O






media/file11.jpg
Experts’ nswers

Separation of key. Getting the experts related to
‘mechanisns of ‘acquaiated with the determination of
network coordination e network coordination e relatonships berweer fmmf| AHP results analysis
and creating AHP in the aspect of individual elements
evaluation sheet logistcs coordination| of network
coordination

Geting e cxpes
i omematons ||| scqvaited with he
oy v s ad
ek e






media/file6.png
® 3in
4 S
1 -
NQIK governance 2% o
‘ N gre <3
oy
- laboratio
sight trafis
teust ™
EIWRCk gove s
)

o logistics sapvice pro
«
ovatic

mni-channel
etailing

chennel retsiling





media/file15.jpg





nav.xhtml


  applsci-14-05206


  
    		
      applsci-14-05206
    


  




  





media/file16.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

management of resources of the network participants and from the logistics

operator level

management of resources  forecasting flows in the  organisation of transport logistical information demand management human resources and
of the network participants network and extraordinary management from the infrastructure
and from the logistics transport level of logistic operator management in the
operator level network (sharing economy)

AVERAGE WWEIGHTED AVERAG





media/file2.png





media/file20.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

organization of transport and extraordinary transport

management of resources  forecasting flows in the  organisation of transport logistical information demand management human resources and
of the network participants network and extraordinary management from the infrastructure
and from the logistics transport level of logistic operator management in the
operator level network (sharing economy)

B AVERAGE BWEIGHTED AVERAGE





media/file23.jpg





media/file5.jpg





media/file24.png
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

demand management

management of resources  forecasting flows in the  organisation of transport  logistical information demand management
of the network participants network and extraordinary l“anag:l“—lut from the

and from the logistics transport of logistic operator

gperator lev

1]

AVERAGE M WEIGHTED AVERAGE

human resources and
infrastructure
management in the
network (sharing economy)





media/file29.jpg
Operstor

LOGISTICS OPERATOR.

ATTRIBUTES

Form ot eork cordanion s | ety
L @m0t 1) ssesment )
©
[
[cctin o e s

i i o e g

vt i ceces e o h vl f g | 01145
e e Soirr
o g G
gt s g o e et o g sprsee | o0u10
et exctose o i Sorer
[rmponl et s et Sori
[ s o oo ot o g 065t






media/file1.jpg





media/file25.jpg
human resources and infrastructure management in the network (sharing
economy)

Jrre e, ey oot ettt s o orsnd





media/file12.png
e ™ 4 D i R e ™
Experts’ answers
Separation of key Getting the experts related to
mechanisms of acquainted with the determination of
network coordination sl network coordination == relationships between s AHP results analysis
and creating AHP in the aspect of individual elements
evaluation sheet logistics coordination of network
coordination
s J e o \. ol N »
_ ~ R e 2
Analysis of the
literature on multi- : Getting the experts
: Conversations : :
channelism. network ) . acquainted with the
.. introducing experts to
~—— coordination. and answers and
. it the area of network : .
operations of logistic .. discussion on the
: coordination
operators in the results
multi-channels
& J \. Y . J






media/file9.jpg





media/file0.png





media/file8.png
neowo rks card
=g 1< M aReTe SenNstivie Naysis

IWET‘;'.‘CU&&Q!“BHCQ . .. “°: . “
‘..9