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Abstract: 
 

Information technology is increasingly used in transportation and logistics related functions to connect the 

wider supply chain. A theoretical framework is devised to examine the antecedents and performance outcomes 

of technology adoption in transportation and its relationship with competitive advantage in the supply chain. 

In the motor carrier industry context, environmental factors related to information technology (IT) adoption 

(i.e. intelligent transportation systems and transportation management systems) are identified that will 

logically influence transportation performance and contribute to competitive advantage in supply chains. In 

other words, drawing the link between manufacturing operations, supply and distribution partners, the 

transportation systems they rely on, and how IT system adoption can be used to improve transportation 

performance for freight movements.  
 

This qualitative study is grounded in contingency theory and organizational information processing theory. 

Interviews with industry professionals and literature review were conducted to develop a conceptual model. 

Results from literature review and professional interviews suggest that benefits derived from the movement of 

freight can, in turn, benefit the wider supply chain through faster response times and lower holding costs 

realized from reduced inventories. Study contributes to IT system investment decisions in the transportation 

industry. Implications for industry improvements through the use of ITS and TMS applications are discussed. 

Social issues, such as delays from traffic congestion and heavy freight volumes, can be also mitigated with 

ITS and TMS usage. This research examines the interfaces between organizations in order to improve overall 

performance for supply and distribution networks. 
 

Keywords: Operations Management, IT Systems, Transportation, Freight Movements, Intelligent 

Transportation Systems (ITS), Competitive Advantage 
 

Introduction 
 

The motor carrier industry forms the links in modern supply and distribution networks (Calantone et 

al., 2017).This particular context can provide insights to competitive advantage from within the complex 

supplier network and distribution channels; specifically, within the logistics and transportation functions 

(Calantone et al., 2017). In an era of increasingly complex supplier network relationships, there is substantial 

growth in information technology (IT) in the sector (FMCSA 2018; Forger 2019). Researchers have long 

acknowledged the relationship between implementation of technology systems to gaining a competitive 

advantage (Reed et al., 1990; O‟Leary, 2008; Bayraktar et al., 2010; Barros et al., 2013). In the motor carrier 

industry, some of these IT enabled systems provide operational information within the organization and its 

trade partners (i.e. transportation management systems), while other IT enabled systems are paired with public 

IT infrastructure in order to derive any benefits (i.e. intelligent transportation systems). However, barriers to 

adopting these technologies are inhibiting their widespread use (Wolfe et al., 2005; Perego et al., 2011). In 

particular, a lack of knowledge assessing both the availability and benefits of IT enabled systems have limited 

the adoption in transportation and logistics (Wolfe et al., 2005; Perego et al., 2011). Additionally, there is 

scant literature related to effects of intelligent transportation systems (ITS) on private enterprise outcomes 

(Perego et al. 2011; Schafer et al., 2016; Goldsby and Zin 2019).  
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Given the growing interest and salient stature of technology in supply chains, this study addresses 

three important questions related to environmental drivers, IT systems adoption, performance outcomes, and 

competitive advantage. First, what environmental factors motivate IT systems adoption for motor carriers? 

Second, what types of adopted IT systems influence transportation performance objectives? Third, which 

transportation performance outcomes create competitive advantage within the supply chain? These research 

questions are informedthrough literature review and semi-structured interviews with industry professionals. 

The research questions are informed by developing a theoretical framework grounded in contingency theory 

and organizational information processing theory. Based on results from the literature review and interviews 

with industry professionals, propositions are discussed and a theoretical framework is devised. The conceptual 

frameworksuggests relationships between the environmental factors that drive IT enabled systems adoption 

and their effect on transportation performance in building a competitive advantage in the supply chain. 

Further,  
 

The remainder of this article is structured as follows. The next section discusses materials and 

methods. This includes subsections for relevant literature review, theoretical framework, and proposition 

development used to devise the conceptual framework for the study context. The third section reveals the 

results. The fourth section discusses results, limitations, and future research directions. Finally, the 

conclusions section discusses important theoretical and practical contributions.  
 

Materials and Methods 
 

A literature review and semi-structured interviews were conducted with industry leaders in the trucking, third 

party logistics providers, and manufacturing industries to address the research questions. Key insights 

emerged from this process identifying issues in transportation and supply chain management that could be 

improved through the application of new technologies. These problems include: 
 

1. mitigating congestion (IFC Consulting, 2003) to improve efficiency and reliability of materials and goods 

movements (Golob et al., 2002), and 

2. information sharing to increase transparency and visibility (Klein, 2009; Cecere,  2014) so the supply 

chain is more responsive. 
 

This section is broken into subsections. The first subsection reviews the literature. The next 

subsection discusses the theoretical framework. The third subsection presents logic for the proposition 

development.  
 

Literature Review 
 

Given the multidiscipline nature of this study at the intersection of information technology, transportation, and 

supply chain, the literature review is organized into three sections. The first section discusses the background 

relevant to trucking in operations and supply chain. The second section describes research on IT systems 

related to motor carrier and supply chain operations. The third section describes previous technology adoption 

models. 
 

Background 
 

Transportation congestion and capacity shortages can be a major problem particularly with the 

prevalent use of just-in-time (JIT) (USDOT, 2008) manufacturing practices in many industries. Substantial 

changes in the trucking industry over the last 35 years have in turn led to changes in practice by the 

manufacturing sectors they serve. First, deregulation of the trucking industry brought about by the Motor 

Carriers Act of 1980resulted in a more efficient and flexible trucking industry. This, in turn, contributed to the 

development of just-in-time (JIT) deliveries and other mechanisms that fed the evolution of advanced logistics 

systems and supply chain management (Crainic et al., 2009; IFC Consulting, 2003). JIT requires the 

production and delivery of the right quantity at the right time with consistent conformance to performance and 

product specifications (Canel et al., 2000; Kros et al., 2006). These practices revolutionized manufacturing by 

reducing inventory levels from their facilities and warehouses; however they added congestion and other 

constraints to the transportation system.  
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By consequence, more trucks were required to service increasingly complex supply chains with 

origins and destinations of suppliers and customers across the global spectrum (USDOT, 2008). By moving 

inventories out of facilities and warehouses and onto trucks (Crainic et al, 2009), and relying on smaller 

payloads for deliveries, the total number of required deliveries increased and as a result, congestion increased 

(IFC Consulting, 2003). Increased congestion not only reduces efficiency and reliability of the system, but 

also contributes to the level of carbon emissions through increased delays and lower fuel efficiencies (Catulli 

et al., 2012; Kolosz et al., 2013).  
 

This study contributes to the literature because examining transportation as the link between 

enterprises in the supply chain is not well understood. It is even coined as the forgotten factor in supply chain 

management research by some (Quinn, 2000; Mason et al., 2007).  
 

IT Systems 
 

IT systems adoption in transportation and logistics is seen as a key enabler to both mitigate congestion 

impedances and readily process and share information with supply partners (Bowersox and Closs, 1996; Closs 

et al., 1997; Bharadwaj, 2000; Spanos et al., 2002; Golob et al., 2002; Giannopoulos, 2004; Wolfe et al., 

2005).Applications such as intelligent transportation systems (ITS) for freight movements and transportation 

management systems (TMS) can be used to improve efficiencies and in some cases, reliability (Crainic et al, 

2009; Bharadwaj, 2000; Chapman et al., 2003; Mason et al., 2003; Pokharel, 2005) and equipment utilization. 

Benefits derived from the movement of freight can, in turn, benefit the wider supply chain (Jakobs et al., 

2001) through faster response times and lower holding costs realized from reduced inventories. 
 

ITS in general is defined as the application of new developments in information processing, 

communications, sensing, and computer control technologies used to solve surface transportation problems 

(Barfield and Dingus, 1998; Vandezande et al., 2012). ITS for freight are associated with commercial vehicle 

operators (CVO) and are defined as the „„advanced systems aimed at simplifying and automating freight and 

fleet management operations at the institutional level,” (Crainic et al. 2009, p. 544). This is a promising area 

in freight transportation to help mitigate increased congestion and help improve connections between entities. 

ITS is based on the use of computer and communication technologies to improve the sustainability of 

transportation movements, infrastructure and improve the even flows of freight. It is accepted among 

transportation planners that in a time of limited resources (i.e. space and funding) building evermore 

infrastructure is not sustainable, thus smarter alternative solutions must be sought (Crainic et al., 2009; Zhou 

and Shen, 2010). The goals and objectives of ITS are to improve the efficiency and flow of traffic, reduce 

transportation-generated pollution, improve safety, and to produce economic benefits through the application 

of information and computer technology (Iguchi, 2002; Zhou and Shen, 2010; Vandezande et al., 2012). Early 

research in ITS focused primarily on passenger automobiles on public infrastructure (Crainic et al., 2009, 

Perego et al., 2011). Recently, the focus of ITS is shifting to include freight movements (Crainic et al., 2009; 

Perego et al., 2011). Some research refers to freight ITS as intelligent freight technologies (IFT) (Wolfe et al., 

2005). 
 

TMS on the other hand, is a modular type of decision support system which facilitates transportation 

planning, optimization and execution, in addition to the typical functionalities of traditional fleet management 

including carrier load tendering, routing and scheduling, shipment tracking and tracing, and freight payment 

and auditing (Tyan et al., 2003; Mason et al., 2003; McCrea, 2013). TMS works in conjunction with a firm‟s 

enterprise resource planning (ERP) system to bring visibility to the transportation area of the enterprise 

(Roche, 2013). In general, ERP systems facilitate the planning, ordering and scheduling of facility operations 

based on customer orders. Integrating these systems helps identify the most cost effective and timely 

transportation options for shipments; in turn, information generated from the TMS system can be used for 

post-shipment analysis of the carriers‟ performance (Mason et al., 2003). Scheduling and routing functions 

allow for trip optimization (Kia et al., 2000) which has resulted in some recognized environmental benefits, 

including air pollution reduction and decrease of fuel consumption (Button et al., 2001). In addition, TMS can 

be used to facilitate dynamic pricing quotes (Moore, 2014). Adoption drivers of many IT systems for logistics 

and transportation functions are not as well understood and require further exploration (Perego et al., 2011, 

Wolfe et al., 2005). This study proposes the examination of several system types to gain a more 

comprehensive insight, whereas few studies examine more than one type of technology (Perego et al., 2011). 

Transportation and logistics services provide a vital function in the supply chain and a fair amount of research 

has integrated the two (Lai et al., 2004; Liu and Ma, 2005; Jayaram and Tan, 2010).  
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While today‟s evolving technology, such as ITS for freight and TMS, allows service providers to be 

fully integrated actors within the supply chain, there is a gap in the application of these technologies to 

achieve optimal performance, and in the integration and visibility of these functions within the wider supply 

chain (Cecere, 2014).   
 

Furthermore, when providers do use IT enabled systems; the data are often unintelligible to users and 

lack necessary decision support system capabilities (Crainic et al., 2009). Decision support systems are 

specialized software applications that typically provide users with a tool to quickly understand and evaluate 

solutions based on available data. It is nearly impossible for an individual user to make accurate decisions 

based on large amounts of data without assistance from custom programs or applications. Further research is 

needed to help address these gaps and add greater insight into the technology systems that provide optimal 

performance outcomes for the transportation and logistics segments in the supply chain (Perego et al., 2011).   
 

Technology Adoption Models 
 

Various factors contribute to the organization‟s environment and ultimately its decision-making 

process for the adoption of IT systems in transportation and logistics. Much of the extant technology adoption 

and acceptance research focuses on the antecedents of acceptance and use mainly through an individual‟s 

perspective. This research seeks to enrich current models by developing environmental factors from the 

organization‟s perspective. A number of models have been developed to understand the individual behaviors 

of technology acceptance. The basic concept of user acceptance models includes individual reactions to the 

technology, intentions to use the technology and then actual use. Some prevalent models include the Theory 

of Planned Behavior (TPB) (Ajzen, 1991), Theory of Reasoned Action (TRA) (Fishbein and Ajzen, 1975), the 

Diffusion of Innovation (DOI) (Rogers, 1995), and the Technology Acceptance Model (TAM) (Davis, 1989).  
  

Another model, the Unified Theory of Acceptance and Use of Technology (UTAUT) model 

(Venkatesh et al., 2003) combines key concepts from the above and other models to improve explanatory 

power of user acceptance of technology. In the unified model behavioral intention is predicted by three 

antecedents: performance expectancy, “the degree to which an individual believes that using the system will 

help him or her to attain gains in job performance,” (Venkatesh et al., 2003, p. 447); effort expectancy, “the 

degree of ease associated with the use of the system,” (Venkatesh et al., 2003, p. 450); and social influence, 

“the degree to which an individual perceives that important others believe he or she should use the new 

system,” (Venkatesh et al., 2003, p. 451).  Use behavior is then determined by behavioral intention to adopt 

and facilitating conditions, “the degree to which an individual believes that an organizational and technical 

infrastructure exists to support use of the system,” (Venkatesh et al., 2003, p. 453).  In general, the UTAUT 

model portrays the importance of environmental conditions and expected outcomes in facilitating technology 

adoption, acceptance and use. These general premises were considered when selecting the environmental 

factors affecting technology adoption decisions in transportation and logistics for this study.Examining 

environmental factors of technology adoption in the transportation and logistics area from a company 

perspective will contribute to the current understanding of technology adoption literature.   
 

This paper seeks to address these gaps through the creation of a research model that examines 

environmental conditions leading to the adoption of IT systems that can in turn create measurable improved 

performance outcomes. The research context is viewed through the lens of a blended theoretical framework 

utilizing contingency theory and organizational information processing theory.   
 

Theoretical Framework  
 

 Valuable research helps explain relationships between the study phenomena through a theoretical 

perspective. This theoretical framework is informed by contingency theory (CT) (Thompson, 1967; Van de 

Ven et al., 1985) and organizational information processing theory (OIPT) (Galbraith, 1973; Tushman and 

Nadler, 1978). Combining these theories provides a powerful lens to understand the complex relationships 

among environmental drivers, adopted IT enabled systems and practices, performance outcomes and building 

a competitive advantage through transportation and logistics functions in the supply chain. 
 

A dynamically changing environment affects strategic decision-making within an organization. 

Managers make decisions based on conditions in the external environment and their best understanding of the 

firm‟s internal environment. When these antecedents of successful systems implementation strategies are well 

understood, managers have a better opportunity to effectively implement new IT in a manner that achieves 

highly leveraged outcomes.  
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Not only are the success factors of IT adoption important, but also having an understanding of the 

performance outcomes for the systems under consideration are salient when making large capital investment 

decisions; especially with continuously evolving technology.  Furthermore, once IT systems are in place they 

must be able to handle an abundance of dynamically changing information in order to facilitate decision-

making toward optimal performance outcomes. Together, this framework suggests that environmental 

conditions affect strategic behavior (e.g. adoption of IT systems) used to advance performance outcomes that 

build or continue a competitive advantage in the supply chain (see Figure 1).   

 
Figure 1: Theoretical Model of Relationships between Driving Forces and Performance Outcomes of IT 

Systems Adoption in Transportation and Logistics on Competitive Advantage in the Supply Chain 
 

Environment 
 

Contingency theory states that a firm‟s performance is conditioned upon the alignment between its 

internal and external environments and its strategic behaviors (Van de Ven et al., 1985). When managers 

understand the context of their external environment, strategic decisions can be made to adapt internal 

structures and processes in order to improve the firm‟s competitive position. Contingency theory views the 

firm as an open system, where information is exchanged through an input-process-output procedure 

(Thompson, 1967). As such, an open system is changeable and adaptable based on dynamic input factors. 

“Input” refers to the contextual issues (e.g., environmental conditions) that reside within or outside 

organizational boundaries that create uncertainties or opportunities (Thompson, 1967), thus influencing how 

the firm should operate in the supply chain (Wong, C.W., 2011). The “openness” of this system allows a firm 

to adapt and change and to improve decision-making as new information becomes available to ultimately 

improve performance within its environmental constraints.   
 

Similar to many companies, transportation companies must assimilate changing environmental factors 

related to regional economics, trade partners, competitors, and industry and market trends for decision-

making. Though unique to transportation companies, they must also monitor roadway conditions for 

congestion and weather effects. In addition, these companies operate between changing regulatory 

environments set forth by governing authorities along routes which goods and materials traverse. These 

environmental conditions are subject to change and impact internal structures affecting strategic decision-

making in the firm, particularly in regards to IT systems.    
 

IT Systems 
 

 On one hand, input factors refer to how managers perceive the organization‟s external and internal 

environment for decision-making, particularly for implementing new strategies such as IT systems. On the 

other hand, once implemented, “input” also refers to the context of data received from IT systems. (e.g., 

coordination with partners, demand fluctuations, roadway and IT network conditions). IT systems in 

transportation and logistics act as the catalyst for the input-process-output of contingency theory in the context 

of the wider supply chain. “Process” refers to the organizational operations, in this case IT systems that 

manage and cope with those contextual issues, both by sharing information and coordinating business 

processes (Wong, C.W., 2011) among trade partners.   
 

However, in a modern dynamic environment where businesses search for greater quantities and 

quality of information (Daft and Lengel, 1986; Galbraith, 1973) recognizing and processing environmental 

cues alone is not adequate. Businesses must also be able to use and interpret relevant information to react, 

make, and adapt decisions based on their dynamic environment. To this end, recent attention has turned to 

organizational information processing theory (OIPT) (Galbraith, 1973; Tushman and Nadler, 1978) in supply 

chain management (Williams et al., 2013).   
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Based on OIPT, an organization must find alignment between its information processing needs and 

capabilities (Williams et al., 2013). Organizations must be able to collect, combine and assimilate information 

in a coordinated manner across the organization (Burns and Wholey, 1993) and the wider supply and 

distribution network. Being able to process information in a planned and logical manner helps reduce 

uncertainty and provides decision makers the ability to develop a shared understanding (Daft and Lengel, 

1986). Because supply chain information is dispersed not only across people and departments within the 

organization (Williams et al., 2013), but also across various organizations within the supply network, 

information processing is an important capability.   
 

Massive amounts of informational data are collected from IT enabled transportation and logistics 

systems that need to be processed, managed and analyzed in an effective manner. Business intelligence 

systems are a collection of decision support technologies for the enterprise that enable decision-makers such 

as executives, managers, and analysts to make better and faster decisions (Chaudhuri et al., 2011; Waller et 

al., 2013). For example, business intelligent technology is used in manufacturing for order shipment and 

customer support and also in transportation for fleet management (Chaudhuri et al., 2011). IT systems are 

business intelligent tools used in and among supply partners and transport providers. Through OIPT, using the 

right set of business intelligent tools provides the greatest advantage for improving performance outcomes. 
 

Performance Outcomes 
 

Finally, in contingency theory “output” refers to the outcomes of process procedures, that in turn 

reflect how well firms “process, adapt, or mitigate issues arising from the environment (i.e., input),” (Wong, 

C.W., 2011, p. 163). In other words, how well IT systems aid data interpretation to coordinate efforts among 

trade partners and assist decision-makers in responding optimally will affect performance outcomes. Wong, C. 

W. et al. (2011) describe their use of a contingency perspective to examine integrated information systems 

within a supply chain setting. Results from their study show that the performance outcomes of information 

integration are contingent on both external environmental conditions and internal operational characteristics.  

Furthermore, they conclude that information integration improves the firms‟ ability to perform, particularly 

when they operate under favorable environmental conditions.  Their findings advance contingency research on 

the performance outcomes of information integration for supply chain management.  
  

Organizational processes and assets bundled with IT systems can enhance competitive performance 

(Nevo and Wade, 2010). It is generally accepted in operations management that core performance measures 

are based on cost, quality, flexibility, and reliability (Skinner, 1969; Schmenner and Swink, 1998; Flynn and 

Flynn, 2004; Ferdows & DeMeyer, 1990; Rosenzweig & Easton, 2010).  Therefore, general performance 

outcomes are adapted and extended in this work to assess the transportation and logistics links in the supply 

chain.   
 

Competitive Advantage 
 

Through contingency theory, researchers have gained a better understanding of how organizations 

gather and process changing environmental cues. In the context of using IT systems it is important to combine 

CT with OIPT to ensure that information is used, analyzed, and interpreted to facilitate optimal decision 

making in order to gain or maintain a competitive advantage. A competitive advantage is attained by firms 

that add value and differentiate products and services (Porter and Millar, 1985; Ulrich, 1991; Barney, 1995) 

from competitors to gain market share. Careful management and coordination of links in the supply chain can 

be a valuable source of competitive advantage (Porter et al., 1985). As such, the theoretical framework 

presented in Figure 2 combines CT with OIPT to build performance outcomes that lead to a competitive 

advantage through the links - also known as the transportation segments - in a supply chain. 
 

Overall, this framework attempts to show that internal and external environmental cues should be 

interpreted to adopt and assimilate the right type of information processing capabilities in order to make 

decisions leading to optimal performance outcomes.  A key factor of success in the current global 

environment is the ability to respond to competitive challenges and maintain a competitive advantage (Teece 

et al., 1997; Porter, 1991; Prahalad and Hamel, 1990).   Theoretically, high performance outcomes that add 

value and/or differentiate products and services will in turn create an environment for sustainable competitive 

advantage.   
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Proposition Development 
 

Environmental Drivers of Transportation and Logistics IT Systems Adoption 
 

It is important to examine the relationships between environmental conditions and technological 

change (Tushman and Anderson, 1986) particularly with the emphasis and reliance on technology as a driving 

force in business. Several factors come into play when organizations choose to adopt new technology. Driving 

forces from both the organization‟s internal and external environment impact the decision process (Wolfe et 

al., 2005). Literature review findings for this study indicate that widespread adoption and use of technology in 

logistics and transportation functions – which typically span across organizations – lag behind their intra-

organizational system/practice counterparts (Cecere, 2014). For example, an internal system such as enterprise 

resource planning (ERP) features a centralized database which various departments and divisions can use to 

access the organization‟s internal operating information. Investments in these types of systems are common. 

However, similar systems that span across organizations to facilitate communication and coordination among 

supply chain partners have been less successful.Compatibility of systems and trust among trade partners and 

service providers are two commonly noted barriers (Wolfe et al., 2005) of adopting these types of systems. It 

is therefore vital to gain a better understanding of not only the environmental driving forces for adoption of IT 

enabled systems and practices in logistics and transportation, but also some of the associated barriers to 

adopting these technologies.   
 

In general, previous research findings indicate that adoption of IT based applications in freight 

transportation is quite low (Marchet et al., 2009; Zeimpekis and Giaglis, 2006). Indeed there are exceptions. 

Specifically, logistics operators seem to understand the importance of using mobile services and which ones to 

offer to their customers (Zeimpekis and Giaglis, 2006; Paetz, 2014). Additionally, order tracking and tracing 

seem to have widespread adoption through the use of vehicle position monitoring (Perego et al., 2011). 

Conversely, adoption drivers of many IT systems for logistics and transportation functions are not as well 

understood and require further exploration (Perego et al., 2011, Wolfe et al., 2005).   
 

External Environmental Pressures 
 

Many aspects affect the context of a firm‟s external environment such as, customers, competitors, 

technology changes, regulations, and globalization and disbursement of SC partners, among other things. In 

the case of transportation service firms, navigating the physical environment also comes into play. Time 

delays due to congestion, road closures, tolling booths and even weigh stations affect the company‟s ability to 

meet customer demands. In turn, these forces affect the firm‟s decision- making process for adopting IT 

systems to help mitigate both contextual and physical environmental effects.  External environmental 

pressures are defined as the extent of pressure from the external environment originating from customers, 

regulations, competition, industry technology changes or other external sources that influence the adoption 

and use of IT enabled systems or practices (Perego et al., 2011; Catulli and Fryer, 2012). 
 

The context of an organization‟s external environment plays a key role in the decision-making 

processes of the firm. Results of a 2008 survey of CEOs by Lieb and Lieb (2010) indicated that pressure from 

customers and competitive pressures from other firms affect the firm‟s decision making process to adopt 

certain systems.  The transportation sector is a known producer of greenhouse gases and some IT systems in 

particular are implemented to reduce effects of carbon emissions (Wolfe et al., 2005; Crainic et al., 

2009).Regulation mechanisms, such as the Kyoto Protocol, were set up as part of the United Nations 

Framework on Climate Change (http://unfccc.int), as part of a global effort to help reduce greenhouse gas 

emissions to limit the effects of climate change and provide further incentives for carbon reduction (Diabat 

and Simchi-Levi, 2009). The use of clean energy technologies are generated by market pull (Klassen et al., 

1996; Melnyk et al., 2003; Wolfe et al., 2005), regulations (Wolfe et al., 2005), and other external 

environmental forces. 
 

Recently, competition among firms to become “greener” is prominent as a greater effort is being 

made by companies to be more appealing to a growing number of environmentally-conscious consumers as 

well as a next generation workforce that is eager to positively impact the world (Sorrell, 2003). Findings from 

the United Nations 2014 Climate Summit Report recognize certain technologies as a way to mitigate climate 

change (United Nations, 2014). Various IT systems in transportation and logistics can be used to facilitate 

coordination among supply partners through information sharing for load planning and shipment 

consolidation for deliveries. Some systems are used to mitigate and navigate congestion and traffic effects in 

the physical environment, and even help reduce carbon emissions to limit the effects of climate change.  

http://unfccc.int/
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 In spite of these advances, there are still barriers to the adoption of these enabling technologies. 

Several barriers discussed in the literature pertain to the external environment for technology adoption in 

transportation and logistics. First, compatibility of technology systems (Wolfe et al., 2005; Pokharel, 2005; 

Zeimpekis and Giaglis, 2006) is discussed as a complex issue fueled both by trust (Wolfe et al., 2005) and 

technological standards (Evangelista and Sweeney, 2006) among trade partners and service providers. 

Partners must have an adequate level of trust among players in order to willingly build standardized platforms 

for information sharing. The issue of trust is further accentuated with the integration of transportation 

providers that play a complementary, yet critical, role in the supply chain.      
   

Next, the influence of other companies (Forster and Regan, 2001) in the supply chain can also inhibit 

technology adoption. When partners try to integrate systems across organizations there can be limitations 

within the supply chain environment and possibly even reluctance of other firms to participate in integrating 

compatible systems (Forster and Reagan, 2001). Therefore,   
 

P1a: External environmental factors will exert pressure on the internal environment. 

P1b: External environmental factors will exert pressure on IT systems adoption of ITS  

         and TMS. 
 

Internal Organizational Environment 
 

Technology adoption from the internal organizational environment is defined as the extent of pressure 

from within the organization originating from management, drivers/owner-operators, or other internal sources 

to adopt and use new IT systems (Bardi et al., 1994; Perego et al., 2011; Catulli and Fryer, 2012). Top 

management involvement is well supported in the literature to promote change and encourage the need for 

innovation (Lai et al., 2008; Brown, 1991). In addition, the company‟s current technological development (i.e. 

current level of IT in place) and the company culture as exhibited by corporate policy and attitudes toward the 

implementation of IT (for example, the company‟s willingness to support IT devices) are among the most 

influential factors in the company‟s strategic decision of IT adoption (Pokharel, 2005).  Some recognized 

barriers to new technology adoption can even be overcome through the support of top management (Brown, 

1991).   

In transportation and logistics companies, drivers, and in some cases their unions, are identified as 

sources of significant change for the organization that can impact technology adoption decisions (McAvoy, 

2014). Unions can impose restrictions which limit management decision-making capabilities that impact the 

firm (Kerkvliet and McMullen, 1997). 
 

The adoption and use of IT systems stem from the pursuit of gaining a competitive advantage (Nevo 

and Wade, 2010; Wolfe et al., 2005) particularly against other logistics companies (Zeimpekis and Giaglis, 

2006). Pokharel (2005) results are consistent in general with organizational behavior literature suggesting that 

larger companies are more motivated to adopt IT compared to smaller ones based on their tendency to focus 

on longer-term objectives and have higher business volume expectations in regards to economic aspects.   
 

Similarly, Evangelista and Sweeney (2006) find low adoption levels of relatively sophisticated 

technologies among all 3PL types among small logistics service providers in the Italian 3PL market. 

Consistent with early interview findings from this study, in their study, the most used applications were 

telephone, fax, mobile phones, internet and e-mail, followed by other tools such as EDI and local area 

networks. Their overall findings suggest the degree of technology integration in the supply chain appears quite 

low, which is surprising given the potential improvements from using IT systems.  This clearly suggests there 

are barriers to technology adoption in the transportation and logistics sectors that must be overcome. 
 

Several IT adoption barriers that stem from an organization‟s internal environment are indicated in the 

literature. One main barrier addresses a lack of top management support (Proudlock et al., 1999; Pokharel, 

2005). In some cases, company decision-makers are reluctant to invest in technology changes (Button et al., 

2001). What‟s more, integrating new IT means that employees and drivers have new hardware and software to 

learn. Learning a new system is hindered in companies with a culture reluctant to change. This is evident in 

both employees and drivers (Button et al., 2001) particularly when personnel training is inadequate (Piplani et 

al., 2004; Pokharel, 2005; Evangelista and Sweeney, 2006; Zeimpekis and Giaglis, 2006). 
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In addition, another key barrier is finding appropriate IT within limited economic or financial 

resources.  Firms hindered by financial or economic reasons are often reluctant to take on a sizeable 

technology investment risk (e.g. Hollenstein, 2004; Pokharel, 2005; Zeimpekis and Giaglis, 2006; Evangelista 

and Sweeney, 2006). Long implementation periods (Pokharel, 2005) associated with a perception of 

technology obsolescence risk (Piplani et al., 2004; Pokharel, 2005) and a lack of knowledge regarding the 

return on investment (Evangelista and Sweeny, 2006) are frequently cited investment risk barriers. Likewise, 

it is fairly complicated to quantify both tangible and intangible benefits together in order to evaluate the true 

value new IT can contribute to the firm (Piplani et al., 2004; Pokharel, 2005; Evangelista and Sweeney, 2006; 

Zeimpekis and Giaglis, 2006).  
 

Finally, the level of IT awareness and involvement also plays a key role in adopting innovative IT. 

Zeimpekis and Giaglis (2006) suggest that, in general, transportation industry providers have a limited 

awareness of innovative IT systems.  Integrating new IT with current technologies is a frequently cited barrier 

(Button et al., 2001; Pokharel, 2005; Evangelista and Sweeney, 2006) particularly when considering the costs 

and problems associated with installation, interfacing and integrating new systems with current IT systems 

(Pokharel, 2005).  Limited knowledge of available IT combined with the complexity of evaluating new IT 

solutions has deterred many firms from adopting potentially useful IT, or conversely, into adopting IT that 

does not provide the expected benefits (Perego et al., 2011). Therefore,  
 

P2: Internal environmental factors will exert pressure on IT systems adoption of ITS and TMS.  

 

IT Systems in Transportation and Logistics 
 

Most of the Nation‟s freight is shipped using a collection of organizations referred to as supply chain 

partners, which include shippers, cargo handlers and receivers (Butler, 2009).  Many of these partners do not 

communicate electronically, resulting in delays, lost goods, and reduced efficiencies throughout the process 

(Butler, 2009). Reliable and inexpensive tracking methods essential for business success are limited (Butler, 

2009). To add further complication, freight supply chain partners are likely to have a variety of incompatible 

technology infrastructures and application platforms that are usually unable to share data (Butler, 2009).  

Improving the fit between information sharing needs and data handling capabilities can add necessary 

visibility and traceability through information sharing in the system. This improved information flow can add 

business value.   
 

In previous work relating IT to supply chain performance, Premkumar et al. (2005) developed a 

classification of “information processing needs” (based on the procurement environment) and “information 

processing capabilities” (based on the level of IT support) using Galbraith‟s (1973) information processing 

theory of fit between the two to examine performance. Results indicated the “fit as matching” (with roots from 

Venkatraman, 1989) positively affects procurement performance. In addition, Nevo and Wade (2010) 

examined the relationship between IT assets and business value and proposed that IT assets combined with 

organizational resources can create synergistic IT-enabled resources leading to capabilities that build 

competitive advantage. Their paper proposed that IT assets can play a strategic role when combined with other 

organizational resources. Similarly, Bhatt and Grover (2005) results suggest that by leveraging IT enabled 

capabilities with cultural attributes (i.e. organizational learning propensity) significantly affects competitive 

advantage.  In regards to the use of IT in buyer-supplier coordination efforts, Sanders (2008) evaluated how 

two patterns of IT use by suppliers (exploitation and exploration) relate to two specific types of coordination 

activities with buyers (operational and strategic), which in turn are posited to promote organizational benefits.   
 

Other work by Ward and Zhou (2006) addresses how managers should balance investments between 

lean/JIT practices and IT in order to minimize lead time. Their study empirically evaluates internal and 

external IT integration with JIT practices on lead time. Their results confirm that implementing lean/JIT 

practices significantly reduces lead time. Also, lean/JIT practices mediate the influence of IT integration on 

lead-time performance. Given earlier discussion regarding the deregulation effects of the transportation 

industry‟s contribution to JIT practices in manufacturing, it is surprising that so little has been done in this 

area examining the transportation effects on operations and supply chain management. Particularly in the area 

of IT systems which can help integrate the flows of materials, information and funds across organizations in 

their given supply and distribution networks. More work is necessary to fully understand the contributions to 

these performance effects. 
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Many major challenges in the freight transportation industry have directly resulted from changes in 

logistical processes in commerce. First, Crainic et al. (2009) explains how inventory reduction practices led to 

JIT procurement practices, thereby moving inventory out of facilities and onto trucks.  Next, globalization led 

to the restructuring of manufacturing distribution channels worldwide and the creation of free trade zones to 

bring in components for final assemblies from distant locations (often from emerging economy countries e.g. 

China, India, Brazil). Furthermore, centralized warehousing facilities and value-added distribution centers 

have changed the flow of goods all over. Therefore, new technologies and practices are necessary to maintain 

or improve flows among trade partners in increasingly complex supply networks.   
 

Based on the following review of literature it is suggested that IT systems (e.g. ITS for freight and 

TMS) can be used to mitigate the above issues and help improve performance outcomes. Information and 

communication technologies have increasingly improved over recent decades. Subsequently, several recent 

phenomena in the transportation and supply chain industry are driving the need for a better understanding of 

the technology systems and practices that result in higher performance outcomes.   
 

Intelligent Transportation Systems (ITS) for Freight 
 

ITS is defined as the application of new developments in information processing, communications, 

sensing, and computer control technologies used to solve surface transportation problems (Barfield and 

Dingus, 1998; Vandezande et al., 2012). The goals of ITS are generally to improve the safety of 

transportation, to reduce traffic congestion by maintaining traffic flow, to reduce transportation-generated 

pollution, to improve transport efficiency, and to produce economic benefits (Zhou and Shen, 2010). ITS does 

this by combining better infrastructure, advanced communication technologies, and information and control 

technologies across the entire transportation system rather than building more infrastructure (Zhou and Shen 

2010) which is not sustainable. Some of these technologies include the use of photo enforcement, electronic 

tolling, vehicle-mile taxing, weigh-in-motion, connected vehicle technologies, fleet management, computer-

aided dispatch (CAD), automatic vehicle location (AVL), automatic cargo tracking, electronic pre-clearance, 

vehicle compliance checking, and driver monitoring (Fries et al., 2012; Jarasuniene, 2007). 
 

Specifically, ITS for freight are associated with commercial vehicle operators (CVO) and are defined 

as the „„advanced systems aimed at simplifying and automating freight and fleet management operations at the 

institutional level,” (Crainic et al. 2009, p. 544).  Wolfe et al. (2005) succinctly categorize ITS functional 

components into five main areas below (p. 4):   
 

 Asset tracking uses mobile communications, radio frequency identification (RFID), and other tools to monitor 

the location and status of tractors, trailers, chassis, containers and, in some cases, cargo. 

 On-board status monitoring uses sensors to monitor vehicle operating parameters, cargo condition, and 

attempts to tamper with the load. 

 Gateway facilitation uses RFID, smart cards, weigh-in-motion, and nonintrusive inspection technologies to 

simplify and speed operations at terminal gates, highway inspection stations, and border crossings. 

 Freight status information uses web-based technologies and standards to facilitate the exchange of 

information related to freight flows. 

 Network status information uses services to integrate data from cameras and road sensors and uses display 

technologies to monitor congestion, weather conditions, and incidents.  

Currently, detailed data gathered from these systems are often acted on by human operators without the use of 

decision-support tools (Crainic et al., 2009; Paetz, 2014).   
 

Transportation Management System (TMS) 
 

Typically, companies have used fleet management software to manage day to day transportation 

operations.  Recently though – and quite possibly due to changing structures of transportation functions – 

TMS is becoming more prevalent across transportation and manufacturing industries for its integrative and 

analytical capabilities. TMS is defined as a decision support system that facilitates transportation planning, 

optimization and execution, in addition to typical functionalities of fleet management including carrier load 

tendering, routing and scheduling, shipment tracking and tracing, and freight payment and auditing (Gilmore 

and Tompkins, 2000; Tyan et al., 2003; Mason et al., 2003; McCrea, 2013).   
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TMS works in conjunction with ERP to bring visibility to the transportation area of the enterprise 

(Roche, 2013). It helps identify the most cost effective and timely transportation options for shipments; in 

turn, information generated from the system can be used for post-shipment analysis of the carriers‟ 

performance (Mason et al., 2003). Scheduling and routing functions allow for trip optimization (Kia et al., 

2000) which has resulted in some recognized environmental benefits, including air pollution reduction and 

decrease of fuel consumption (Button et al., 2001). In addition, TMS can be used to facilitate dynamic pricing 

quotes to improve company cost saving measures (Moore, 2014). Therefore, 
 

P3: IT systems adoption of ITS and TMS will positively affect transportation performance outcomes.  
 

Performance Outcomes and Competitive Advantage 
 

The first four performance outcomes in this study are related to competitive performance in 

manufacturing systems (e.g. cost, delivery, flexibility, and quality) (Skinner, 1969; Schmenner and Swink, 

1998). The fifth performance outcome, carbon emissions reduction, has been added to this study due to its 

prominence in literature and practice (Lieb and Lieb, 2010; Cooke, 2008; Murphy, 2008; Diabat and Simchi-

Levi 2009; Catulli and Fryer, 2012; McAvoy, 2014). The sixth performance outcome, equipment utilization is 

examined as an additional operational measure (Safizadeh and Ritzman,1997; Dahal, 2003).  
 

Efficiency in transportation and logistics is related to the cost performance, meaning materials are 

handled and delivered in a cost effective manner. Reliability is related to the delivery performance, because 

the premise of this research is based on delivery of materials, reliability refers to consistently delivering goods 

within a specified time window.  Responsiveness is related to the flexibility performance and refers to the 

ability to act or respond quickly in changing environments. Quality refers to the ability to securely deliver 

damage free materials and products. Carbon emissions reduction refers to the ability to reduce carbon 

emission levels in the supply chain. Equipment utilization refers to the extent to which firms make use of 

available equipment.    
 

Efficiency and responsiveness are well accepted strategies in supply chain management (Fisher, 2007; 

Lee, 2002).  However, some researchers have integrated the related concepts of flexibility and responsiveness 

and referred to this as an agile supply chain strategy (Swafford et al., 2008; Lee, 2002). Early work on 

competitive capabilities discussed trade offs among capabilities (Skinner, 1969; Schmenner and Swink, 1998); 

although mixed results have led more recent work to examine the area of cumulative capabilities (Flynn and 

Flynn, 2004; Ferdows & DeMeyer, 1990; Rosenzweig & Easton, 2010). In a hypercompetitive environment 

characterized by continuous change, combinative capabilities are the strategic capability that provides firms 

with a competitive advantage (Kristal et al., 2010). Swink and Way (1995) stressed that more studies of 

combinations of capabilities and performance measures are needed, in order to establish links between 

cumulative capabilities and performance (Flynn and Flynn, 2004).    
 

Furthermore, the logistics and transportation segments have recently been suggested as an area for 

improving competitive advantage in supply chains (Dias et al., 2009; Loebbecke and Powell, 1998). By 

differentiating service offerings (Porter and Millar, 1985; Ulrich, 1991; Barney, 1995), transportation 

providers can create value for customers through shortened lead times, low cost, high quality, and/or 

responsiveness to changing needs. In so doing, transportation providers can create new areas for competitive 

advantage through the links in the supply and distribution channels of the network. Therefore, 
 

P4: Transportation performance outcomes will positively affect competitive advantage in  

      the supply chain.  
 

Results 
 

Figure 2is a conceptual representation of the relationships between major constructs.  These particular 

constructs emerged from both industry stakeholder interviews (McAvoy, 2014; Paetz, 2014; Nagel, 2014) and 

literature sources (e.g. Perego et al., 2011).   
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Figure 2: Conceptual Model of Construct Relationships 

Discussion 
 

IT systems adoption in transportation and logistics as the link between enterprises in the supply chain 

is not well understood and this article explores the topic. Distinct drivers of IT systems adoption were 

identified to give managers, researchers and other decision-makers a better understanding of how to avoid IT 

system adoption barriers in the transportation and logistics areas. In general, previous research findings 

indicate that adoption of IT based applications in freight transportation is quite low (Marchet et al., 2009; 

Zeimpekis and Giaglis, 2006). In fact, findings fromone study indicate that widespread adoption and use of 

technology in logistics and transportation functions – which typically span across organizations – lag behind 

their intra-organizational system counterparts (Cecere, 2014). 
 

This is problematic particularly during a time when supply partners want greater transparency and 

information sharing regarding freight movements (Cecere, 2014). Thus, this study provides some relevance 

for investing in IT systems to improve visibility within the logistics links of the supply chain and distribution 

network. Enhanced visibility within supply and distribution channels allows firms to make more timely and 

accurate decisions regarding production and inventory management planning.  This in turn, improves 

decision-making capabilities among trade partners. This is an essential capability in the current climate where 

more materials and goods are in transit to their next destination rather than waiting in stockpiles of inventory.   
 

Furthermore, information gained through enhanced visibility is relevant for planning lead times and 

deciphering transit vs. holding costs in decision-making.  Knowing which tools to invest in can help managers 

invest in systems and practices to improve capabilities for their operations to provide optimal service levels 

for customers.    
 

ITS for freight are advanced information based technologies associated with commercial vehicle 

operators (CVO) aimed at simplifying and automating freight and fleet management operations at the 

institutional level for asset tracking, gateway facilitation, and monitoring vehicle, freight and network status. 

Some notable systems include GPS, satellite, mobile technology, radio frequency identification (RFID), or 

other technologies used to monitor location or status of tractors, trailers, containers and/or cargo. Other 

systems include the sensors or other technology used to monitor vehicle operating conditions, cargo 

conditions and load tampering.  Additionally, systems for seamless gateway facilitation include transponders, 

RFID, smart cards, weigh-in-motion, or other technologies to improve operations for tolls and terminal gates, 

highway inspections, or border crossings.   
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Finally, onboard display technologies to monitor congestion and weather conditions from road 

sensors, cameras and web or GPS technology can help drivers navigate more effectively.   
 

Key barriers to IT systems adoption in transportation identified from the literature include lack of top 

management support, lack of resources, and low levels of available systems and IT expertise. It is envisioned 

that bringing these areas to light will result in greater ease for future IT system adoption projects at the 

organizational level. According to practitioners interviewed at the beginning of this study, some of the above 

mentioned systems, such as weigh-in-motion systems, can be prohibitively expensive for small size carriers.   
 

Based on the literature reviewed, the use of some IT systems can improve or at least maintain delivery 

service levels even with increased strain and congestion on infrastructure in the transportation system. ITS 

systems can be used to help mitigate congestion on roadways (IFC Consulting, 2003) to improve efficiency 

and reliability of materials and goods movements (Golob et al., 2002). Congestion and infrastructure capacity 

can be a major problem in some areas, especially for industries heavily reliant on just-in-time (JIT) practices 

(US DOT, 2008).  ITS can also facilitate border and toll crossings in a more efficient manner to improve 

reliability of movements through the transportation network. Considering the potential performance 

improvements from using IT systems, supply partners particularly reliant on JIT should consider investments 

in these systems to improve routing decision-making through web and GPS enabled decision support systems.   
 

The qualitative and conceptual nature of this study provided important insights for researchers and 

practitioners related to identifying the antecedents and performance outcomes in the motor carrier industry. 

Future researchers should use this framework to examine these constructs empirically. ITS and TMS are 

promising area for motor carrier investments, however this and previous research in this area is mainly 

conceptual in nature, hence there is a call for more studies with quantifiable metrics (Perego et al., 2011). 
 

Conclusions 
 

A key contribution of this study is the development of the conceptual framework to understand 

antecedents and outcomes for the adoption and use of IT systems in the transportation sector as related to 

operations and supply chain. This began with an extensive literature review and interviews with practitioners 

in the transportation industry were conducted. Through this process the conceptual framework was theorized 

and grounded in contingency theory and organizational information processing theory. Combining these 

theories provided a rich foundation to build the framework for this study.  
 

When managers and researchers have a better understanding of contextual factors that drive 

technology adoption, it becomes easier to identify factors of success for innovative technology initiatives. It is 

suggested here that innovative technology adoption will help firms achieve better and more sustainable 

transportation and delivery outcomes which, in turn, will lead to a competitive advantage. Few studies 

examine more than one type of technology to gain comprehensive insight on their effects (Perego et al., 2011). 

Therefore, examining the effects of TMS in conjunction with ITS provides a broader context to identify 

specific technology factors leading to logistics and supply chain performance. Furthermore, TMS provides a 

platform for information sharing across entities while ITS informs users regarding infrastructure and 

regulatory conditions.Thus far in practice, ITS has primarily been hardware driven and lacks the full 

exploitation of available data. Consequently, the transportation literature calls for operations management 

research to develop software components, models, and decision-support tools to analyze and make the optimal 

use of data components from ITS (Crainic et al., 2009).   
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