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Abstract  
Intelligent Transportation Systems (ITS) have become 

an essential component of modern transportation by 

improving traffic management, enhancing road safety, 

and promoting sustainable mobility. However, the 

adoption of ITS in many developing countries, 

including Nigeria, remains constrained by numerous 

technological, institutional, financial, and operational 

challenges. This study investigates the barriers 

affecting the adoption of Intelligent Transportation 

Systems among road transport stakeholders in South-

South Nigeria. A descriptive survey research design 

was employed, and primary data were collected using 

a structured questionnaire administered to road 

transport stakeholders across Rivers, Akwa Ibom, and 

Cross River States. A total of 107 valid responses were 

analyzed using SPSS Version 29. The Reliability 

Cronbach's Alpha=0.727, indicating acceptable 

internal consistency. Descriptive statistical 

techniques, including frequency distribution, 

percentages, mean, standard deviation, and ranking, 

were used to analyze the data, while thematic analysis 

was applied to open-ended responses to identify major 

barriers and corresponding solutions. The results 

revealed that inadequate technological infrastructure, 

insufficient funding, weak institutional and policy 

support, limited technical expertise, ineffective traffic 

management practices, and low public awareness 

constitute the most significant barriers to ITS 

adoption. The highest-ranked barrier recorded a mean 

score of 4.282, whereas the lowest-ranked barrier 

recorded a mean score of 2.871, indicating varying 

levels of stakeholder agreement regarding the 

identified challenges. The study concludes that 

accelerating ITS adoption in South-South Nigeria 

requires sustained investment in digital transport 

infrastructure, strengthened institutional 

collaboration, supportive government policies, 

continuous capacity building, and increased public 

awareness.  
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(ITS), Adoption, Transportation barriers, Descriptive 
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I. Introduction 
The rapid growth of urbanization, 

motorization, and population has intensified 

transportation challenges across the world, including 

traffic congestion, road accidents, environmental 

pollution, and inefficient mobility. These challenges 

have prompted governments and transportation 

authorities to adopt Intelligent Transportation Systems 

(ITS) as an innovative approach to improving the 

safety, efficiency, and sustainability of transport 

networks (U.S. Department of Transportation, 2023; 

World Road Association (PIARC), 2020). ITS refers 

to the integration of advanced information and 

communication technologies (ICT), sensing 

technologies, artificial intelligence, wireless 

communication, and data analytics into transportation 

infrastructure and services to enhance real-time traffic 

monitoring, traveler information, incident 

management, and transport decision-making (Sumalee 

and Ho,  2018; Wang et al., 2022). Over the past two 

decades, ITS has evolved from conventional traffic 

signal control systems to sophisticated smart mobility 

solutions incorporating the Internet of Things (IoT), 

cloud computing, connected vehicles, autonomous 

transportation technologies, and big data analytics 

(Chen et al., 2021; Abduljabbar et al., 2019)  

Globally, ITS has become an essential 

component of smart city initiatives and sustainable 

transport development. Developed economies, 

including the United States, Japan, Germany, 
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Singapore, and the United Kingdom, have invested 

substantially in ITS infrastructure to reduce travel 

delays, improve road safety, optimize traffic flow, and 

minimize greenhouse gas emissions (European 

Commission, 2021; UN-Habitat, 2022). The 

integration of intelligent traffic management systems, 

electronic toll collection, adaptive traffic signal 

control, vehicle-to-infrastructure communication, and 

real-time public transport information has 

demonstrated significant improvements in transport 

efficiency and user satisfaction (Litman, 2021; 

International Transport Forum, 2023). Furthermore, 

international organizations have consistently 

emphasized the strategic role of ITS in achieving 

sustainable mobility, reducing traffic-related 

environmental impacts, and enhancing economic 

productivity through improved transport operations 

(World Bank, 2020; United Nations, 2023). 

Consequently, the adoption of ITS is increasingly 

recognized as a critical enabler of resilient, data-

driven, and sustainable transportation systems capable 

of addressing the growing mobility demands of 

modern societies (United Nations Human Settlements 

Programme (UN-Habitat, 2022; European 

Commission, 2021).  

Despite the growing global adoption of 

Intelligent Transportation Systems (ITS), 

implementation across developing countries has 

progressed at a considerably slower pace due to 

infrastructural, institutional, financial, and 

technological constraints. Many low and middle 

income countries continue to rely on conventional 

traffic management systems characterized by 

inadequate road infrastructure, limited digital 

connectivity, weak institutional coordination, and 

insufficient investment in intelligent transport 

technologies (Kummetha and bhat, 2022; Adeleke and 

Jerome, 2021). Although several developing 

economies have initiated ITS projects such as 

electronic toll collection, traffic surveillance systems, 

GPS-based fleet management, and smart traffic 

signals, the sustainability and scalability of these 

initiatives remain constrained by poor maintenance 

culture, inadequate technical expertise, inconsistent 

government policies, and limited stakeholder 

participation (Ndzi et al.,  2018; Ndzi et al., 2023). 

These challenges have hindered the realization of the 

full benefits of ITS in improving traffic efficiency, 

road safety, and sustainable urban mobility (Oluranti 

and Adeyemi, 2024). 

A study by Ajayi et al. (2021) noted that in 

Nigeria, rapid urbanization, increasing vehicle 

ownership, and inadequate transport infrastructure 

have intensified traffic congestion, travel delays, road 

crashes, and environmental pollution, particularly in 

major urban centres. While federal and state 

governments have introduced several ITS-related 

initiatives, including traffic monitoring cameras, 

automated traffic enforcement systems, electronic 

ticketing, and traffic management agencies, their 

effectiveness has been limited by inadequate funding, 

unreliable electricity supply, weak information and 

communication technology (ICT) infrastructure, 

fragmented institutional responsibilities, and poor 

policy implementation (Abduljabbar et al., 2019; Ojo 

and Aworemi, 2023). Also, the absence of integrated 

transport data platforms and limited public awareness 

have slowed the widespread adoption of intelligent 

transportation technologies (Ajayi et al., 2021). 

These challenges are particularly evident in 

South-South Nigeria, comprising Rivers, Akwa Ibom, 

and Cross River States, where increasing urban growth 

and commercial activities continue to exert pressure 

on existing transportation systems. Despite the 

strategic economic importance of the region, empirical 

evidence on the barriers affecting ITS adoption among 

road transport stakeholders remains limited. Existing 

studies have largely concentrated on metropolitan 

areas such as Lagos and Abuja, leaving a significant 

knowledge gap regarding the unique technological, 

financial, institutional, and operational challenges 

facing South-South Nigeria (Olayode et al.,  2021; 

Olowosulu and Ibrahim, 2019). Addressing this gap is 

essential for developing evidence based policies and 

investment strategies that can accelerate ITS 

deployment and support safer, more efficient, and 

sustainable transportation systems in the region. 

Although previous studies have examined 

Intelligent Transportation Systems (ITS) 

implementation in developing countries, the majority 

have focused on technology deployment, traffic 

management, and smart city applications (Ahmed et 

al., 2021), with relatively limited attention given to the 

adoption challenges experienced by road transport 

stakeholders in South-South Nigeria. Existing 

Nigerian studies have predominantly concentrated on 

major metropolitan areas such as Lagos and Abuja 

(Olayode et al.,  2021), while empirical evidence from 

Rivers, Akwa Ibom, and Cross River States remains 

scarce. Moreover, few studies have comprehensively 

ranked the barriers to ITS adoption using stakeholder 

perceptions and translated these findings into practical 

policy recommendations  (Adeniran et al., 2026). This 

gap limits the development of context specific 

strategies capable of supporting the successful 

implementation of ITS within the unique socio 

economic and institutional environment of South-

South Nigeria. 

Accordingly, this study aims to identify and 

rank the major barriers affecting the adoption of 

Intelligent Transportation Systems among road 

transport stakeholders in South-South Nigeria. 
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Specifically, the study seeks to examine the most 

significant technological, financial, institutional, 

operational, and human capacity challenges 

influencing ITS adoption and to propose practical 

solutions for enhancing ITS implementation. The 

findings contribute to the existing literature by 

providing empirical evidence from an under 

researched region, offering policy relevant 

recommendations for government agencies and 

transport authorities, and establishing a baseline for 

future studies on ITS adoption in Nigeria and other 

developing economies. The remainder of this paper is 

organized as follows: Section 2 reviews the relevant 

literature; Section 3 describes the research 

methodology; Section 4 presents Results and discusses 

the findings; and Section 5 concludes the study with 

policy implications, limitations, and recommendations 

for future research. 

 

II. Literature Review 
Intelligent Transportation Systems (ITS) 

have become a fundamental component of modern 

transportation planning by integrating information and 

communication technologies (ICT), artificial 

intelligence, sensing technologies, wireless 

communication, cloud computing, and data analytics 

into transportation infrastructure and services. The 

primary objective of ITS is to improve traffic 

operations, enhance road safety, reduce travel delays, 

minimize environmental pollution, and support 

sustainable mobility through intelligent traffic 

monitoring and decision-making (International 

Telecommunication Union, 2021; Okyere and Diko,  

2021 ). Recent advances in digital technologies have 

expanded the scope of ITS beyond traditional traffic 

signal control to include intelligent traffic 

surveillance, electronic toll collection, intelligent 

parking systems, real-time traveller information, and 

automated incident detection. These innovations have 

significantly improved transportation efficiency and 

service delivery in many developed economies while 

supporting the broader objectives of smart city 

development and sustainable transportation (Okyere 

and Diko,  2021).   

Despite the recognized benefits of ITS, the 

adoption and implementation of intelligent 

transportation technologies differ considerably 

between developed and developing countries (Sun et 

al., 2022). Advanced economies have achieved 

substantial progress through sustained investment in 

digital infrastructure, effective institutional 

coordination, favourable regulatory environments, and 

continuous technological innovation (Sun et al., 2022; 

Okyere and Diko,  2021). In contrast, many 

developing countries continue to experience 

challenges associated with inadequate communication 

infrastructure, unstable electricity supply, insufficient 

financial resources, weak institutional capacity, and 

shortages of skilled personnel (Okyere and Diko,  

2021; Ndzi et al., 2023). These limitations often 

reduce the effectiveness of ITS deployment and 

constrain governments' ability to modernize 

transportation systems (Sun et al., 2022). 

Consequently, many ITS projects in developing 

countries remain fragmented or operate below their 

intended capacity because of inadequate maintenance, 

limited interoperability, and inconsistent policy 

implementation (Okyere and Diko,  2021 ). 

Several theoretical perspectives have been 

proposed to explain the adoption of technological 

innovations within organizations. Among these, the 

Technology Organization Environment (TOE) 

framework developed by Tornatzky and Fleischer 

(1990) has become one of the most widely applied 

models for examining organizational technology 

adoption. The TOE framework argues that successful 

adoption is influenced by three interrelated 

dimensions: technological, organizational, and 

environmental (Tornatzky and Fleischer, 1990). The 

technological dimension considers the availability, 

compatibility, and complexity of innovation; the 

organizational dimension focuses on institutional 

readiness, managerial support, financial capability, 

and technical competence; while the environmental 

dimension includes government policies, competitive 

pressures, regulatory frameworks, stakeholder 

collaboration, and socio-economic conditions 

(Tornatzky and Fleischer, 1990). Because ITS 

implementation involves interactions among 

technology, institutions, and external policy 

environments, the TOE framework provides a suitable 

conceptual basis for interpreting the barriers identified 

in this study. Therefore, the TOE framework is 

adopted in this study solely as an organizing structure 

to group and interpret the percieved challenges to ITS 

deployement as reported by FRSC officers, 

AKSTMA/RSTMA staff, commercials drivers, and 

commuters in South-south Nigeria. The study does not 

test the influece of these factors on adoption intention. 

Several theoretical models have been 

developed to explain technology adoption. These 

include the Diffusion of Innovation (DOI) (Rogers, 

2003), the Technology Acceptance Model (TAM) 

(Davis, 1989), the Unified Theory of Acceptance and 

Use of Technology (UTAUT) (Venkatesh et al., 

2003), and the Technology Organization Environment 

(TOE) framework (Tornatzky and Fleischer, 1990). 

While these models have contributed significantly to 

technology adoption research, the present study adopts 

the TOE framework as its conceptual foundation 

because it captures the technological, organizational, 

and environmental factors that underpin the barriers to 
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Intelligent Transportation Systems adoption identified 

in this study. Although these theories have been 

extensively applied in information systems research, 

the TOE framework is particularly appropriate for the 

present study because it captures not only 

technological readiness but also organizational and 

environmental factors that influence the 

implementation of ITS within the Nigerian 

transportation sector. 

Previous empirical studies consistently report 

that infrastructure deficiencies remain among the most 

significant barriers to ITS adoption in developing 

economies. Inadequate broadband connectivity, 

unreliable electricity supply, obsolete traffic 

management infrastructure, poor communication 

networks, and limited access to real-time transport 

data significantly reduce the operational effectiveness 

of intelligent transportation technologies (Ndzi et al., 

2023; Tchao et al., 2023). Financial limitations also 

constitute a major obstacle because the acquisition, 

installation, operation, and maintenance of ITS 

infrastructure require substantial capital investment 

that is often beyond the capacity of many public 

transport agencies (World Bank, 2020; Ndzi el at., 

2018). Weak institutional coordination, fragmented 

governance structures, policy discontinuity, and 

inadequate regulatory frameworks further limit the 

successful implementation and long-term 

sustainability of ITS projects (Tornatzky and 

Fleischer, 1990; Ojo and Aworemi, 2023; Oluranti and 

Adeyemi, 2024).  

Human resource capacity is another critical 

determinant of ITS implementation. Successful 

deployment requires engineers, transport planners, 

software developers, data analysts, and traffic 

management professionals capable of designing, 

operating, and maintaining complex intelligent 

transport infrastructure. However, shortages of 

qualified personnel, limited technical training, and 

inadequate institutional capacity remain common 

challenges in many developing countries. 

Furthermore, public acceptance plays an important 

role in technology adoption. Limited awareness of ITS 

benefits, resistance to technological change, concerns 

regarding privacy and data security, and inadequate 

stakeholder engagement may reduce users' willingness 

to support intelligent transport initiatives.        These 

findings indicate that technological innovation alone 

cannot guarantee successful implementation without 

complementary investments in human capacity and 

public participation (Ndzi et al., 2023; Venkatesh et 

al., 2003 ). 

Within the Nigerian context, rapid 

urbanization, population growth, increasing vehicle 

ownership, and deteriorating transport infrastructure 

have intensified traffic congestion, road crashes, and 

travel delays across major cities (Olayode et al., 2020). 

Although several ITS initiatives have been introduced 

through traffic surveillance systems, automated traffic 

enforcement, electronic ticketing, and intelligent 

traffic control, implementation has remained 

inconsistent because of inadequate funding, weak 

policy implementation, insufficient digital 

infrastructure, and limited institutional collaboration 

(Ndzi et al., 2023). Existing Nigerian studies have 

largely concentrated on metropolitan areas such as 

Lagos and Abuja, leaving relatively limited empirical 

evidence from South-South Nigeria, despite its 

strategic economic importance and increasing 

transportation demand (Adebisi and Odusami, 2020). 

Consequently, there remains a need for empirical 

studies that examine stakeholders' perceptions 

regarding the barriers affecting ITS adoption within 

this region. 

The present study addresses this knowledge 

gap by investigating the adoption challenges of 

Intelligent Transportation Systems among road 

transport stakeholders in Rivers, Akwa Ibom, and 

Cross River States. Unlike previous studies that 

primarily emphasize technological solutions, this 

research combines descriptive statistical analysis with 

thematic analysis to identify, rank, and interpret the 

major barriers influencing ITS adoption (Creswell and 

Creswell, 2023; Braun and Clarke, 2006). The study 

further provides practical policy recommendations 

that are directly applicable to transportation 

authorities, policymakers, and infrastructure planners 

responsible for promoting intelligent mobility in 

Nigeria. By interpreting the findings through the 

Technology Organization Environment framework 

(Tornatzky and Fleischer, 1990), the study contributes 

to the growing body of literature on ITS adoption in 

developing countries and provides context-specific 

evidence that can support future empirical 

investigations using advanced analytical approaches 

such as Exploratory Factor Analysis (EFA), 

Confirmatory Factor Analysis (CFA), and Structural 

Equation Modelling (SEM) (Hair et al., 2022; Kline, 

2016).  

 

III. Methodology 
3.1   Study Area 

This study was conducted in South-South 

Nigeria, one of the country's six geopolitical zones, 

comprising Rivers State, Akwa Ibom State, and Cross 

River State as shown in the Fig 1. The region occupies 

a strategic position within the Niger Delta and serves 

as a major economic hub due to its concentration of 

seaports, petroleum industries, commercial centres, 

and interstate transport corridors. The selected states 

experience increasing traffic volumes resulting from 

rapid urbanization, industrialization, population 
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growth, and expanding commercial activities. Major 

cities such as Port Harcourt, Uyo, and Calabar are 

characterized by recurrent traffic congestion, 

increasing road crashes, inadequate traffic 

management infrastructure, and growing demand for 

efficient mobility solutions.  

 
Fig 1: Study Area Map of South-South Nigeria 

showing Rivers, Akwa Ibom and Cross River 

States. 

Source: Adapted from the Administrative Map of 

Nigeria by the Office of the Surveyor General of the 

federation (OSGoF), with authors’ modifications 

 

These characteristics make the region suitable for 

assessing the challenges associated with the adoption 

of Intelligent Transportation Systems (ITS). 

Moreover, the presence of state traffic management 

agencies and the Federal Road Safety Corps (FRSC) 

provides an appropriate environment for obtaining 

diverse stakeholder perspectives regarding ITS 

implementation. 

 

3.2 Research Design 

A descriptive survey research design was 

adopted because it enables the collection of 

quantitative data from a diverse group of stakeholders 

regarding their perceptions of the barriers affecting the 

adoption of Intelligent Transportation Systems. The 

design is appropriate for studies aimed at describing 

existing conditions and identifying prevailing 

challenges without manipulating the study variables. 

 

3.3 Population and Sampling 

The target population comprised key road transport 

stakeholders, including personnel of the Federal Road 

Safety Corps (FRSC), State Traffic Management 

Agencies (AKSTMA and RSTMA), commercial 

drivers, commuters/passengers, and 

academic/engineering professionals with knowledge 

of transportation systems within Rivers, Akwa Ibom, 

and Cross River States in South-South Nigeria. A 

structured questionnaire was administered using a 

purposive sampling approach to ensure that 

respondents possessed relevant knowledge and 

experience concerning road transportation and ITS. A 

total of 107 valid responses were obtained and used for 

the analysis, providing sufficient data to evaluate 

stakeholders' perceptions of the barriers influencing 

ITS adoption in the study area. This is the first 

empirical study on ITS adoption challenges in South-

South Nigeria. Similar studies in developing countries 

have used sample sizes between n=88 and n=94 (Effah 

et al., 2021; Kumar  et al., 2022). Given the 

speciallized population of traffic agencies and 

commercial drivers in the region, and following Hair 

et al (2022), the minimum sample size requirement for 

PLS-SEM is 10 times the largest number of structural 

paths directed at a particular construct. With 107 valid 

responses, this study exceeds the minimun 

requirement and is therefore adequate for analyzing 

adoption chanlenges.   

 

3.4 Questionnaire Design 

A structured questionnaire was developed following a 

comprehensive review of the Intelligent 

Transportation Systems (ITS) and technology 

adoption literature (Ndzi et al.,2023; Hair et al., 2022). 

The questionnaire was designed to capture 

respondents' perceptions of the major barriers 

affecting the adoption of ITS in South-South Nigeria. 

It comprised three sections. Section A collected 

respondents' demographic information, including 

educational qualification, occupation, years of 

experience, and state of residence. Section B contained 

sixteen (16) closed-ended items measuring the 

perceived barriers to ITS adoption using a five-point 

Likert scale ranging from 1 = Strongly Disagree to 5 = 

Strongly Agree. Section C consisted of open-ended 

questions that enabled respondents to identify 

additional barriers and propose practical solutions for 

improving ITS implementation. The questionnaire 

was reviewed by transportation and engineering 

experts to ensure content validity and clarity before 

administration. The internal consistency of the 

instrument was assessed using Cronbach's Alpha, 

which yielded a coefficient of 0.727, indicating 

acceptable reliability for the study (Hair et al., 2022). 
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3.5 Data Collection 

Primary data were collected through a 

questionnaire survey administered to key road 

transport stakeholders across Rivers, Akwa Ibom, and 

Cross River States. The respondents comprised 

personnel of the Federal Road Safety Corps (FRSC), 

State Traffic Management Agencies (AKSTMA and 

RSTMA), commercial drivers, 

commuters/passengers, and academic/engineering 

professionals. The survey was conducted through 

direct distribution of printed questionnaires to 

respondents at transport terminals, government 

agencies, educational institutions, and selected public 

locations. Participation was voluntary, and 

respondents were informed of the academic purpose of 

the study. Out of the 120 questionnaires administered, 

107 valid responses were retrieved and considered 

suitable for statistical analysis, representing a 

satisfactory response rate for a descriptive survey. 

 

3.6 Data Analysis 

The collected data were coded, screened, and analysed 

using the Statistical Package for the Social Sciences 

(SPSS). Descriptive statistical techniques were 

employed to summarize the data.  

 

 
Fig 2: Research Methodology Flowchart 

 

Frequencies and percentages were used to 

describe the demographic characteristics of 

respondents, while means, standard deviations, and 

ranking were used to identify the most significant 

barriers to ITS adoption. The reliability of the 

measurement instrument was evaluated using 

Cronbach's Alpha. In addition, thematic analysis was 

conducted on responses to the open-ended questions to 

classify the identified barriers and proposed solutions 

into common themes, including technological and 

infrastructure, financial, institutional and policy, 

human capacity, traffic management, and public 

awareness. The combination of descriptive statistics 

and thematic analysis provided comprehensive 

empirical evidence for identifying the major adoption 

challenges and recommending practical strategies for 

improving ITS implementation in South-South 

Nigeria. Fig. 2 shown the Research methodology 

Flowchart. 

 

IV. Results and Discussion 
4.1 Respondents' Demographic Characteristics 

The demographic characteristics of the 

respondents' distribution by State are presented in Fig. 

3. A total of 107 valid questionnaires were analysed, 

representing road transport stakeholders from Rivers, 

Akwa Ibom, and Cross River States. The demographic 

information provides evidence that the respondents 

possessed diverse educational backgrounds, 

professional experience, occupational categories, and 

geographical representation, thereby enhancing the 

credibility and representativeness of the study 

findings. 

As shown in Table 1, Regarding educational 

qualification, 48 respondents (44.9%) possessed the 

Senior Secondary School Certificate Examination 

(SSCE), 15 (14.0%) held OND/NCE qualifications, 35 

(32.7%) possessed HND/B.Sc. degrees, while 9 

respondents (8.4%) held postgraduate qualifications 

(M.Sc./Ph.D.). 

The educational distribution indicates that 

respondents possessed varying academic backgrounds 

capable of providing informed opinions on 

transportation challenges. 

With respect to occupation, 38 respondents 

(35.5%) were personnel of the State Traffic 

Management Agencies (AKSTMA/RSTMA), 

representing the largest occupational group. This was 

followed by 23 Federal Road Safety Corps (FRSC) 

personnel (21.5%), 20 commercial drivers (18.7%), 20 

commuters/passengers (18.7%), and 6 

academic/engineering professionals (5.6%). The 

occupational diversity ensured that the study captured 

perspectives from both transport operators and 

transport users. 

 

Table 1 Demographic Profile 
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Characteristic Category  Frequency Percentage 

Education SSCE, OND/NCE, HND/BSC, MSC/PhD 48, 15, 35, 9 44.9, 14.0, 32.7, 

8.4 

 

Occupation FRSC, AKSTMA/RSTMA, Commercial Driver,  

Commuter/ Passenger, Academic/Engineer 

 

23, 38, 20, 20, 6 21.5, 35.5, 18.7, 

18.7, 5.6 

Years of 

Experience 

<2 years, 2-5 years, 6-10 years, >10 years 17, 20, 30, 40 15.9, 18.7, 28.0, 

37.4 

 

State River state, Akwa Ibom State, Cross River state 36, 39, 32 33.64, 36.44, 

29.90 

 

Regarding professional experience, 40 respondents 

(37.4%) had more than ten years of working 

experience, 30 (28.0%) had between six and ten years, 

20 (18.7%) had between two and five years, while 17 

respondents (15.9%) had less than two years of 

experience. The predominance of experienced 

respondents suggests that the survey findings were 

informed by substantial practical knowledge of 

transportation operations. 

The geographical distribution of respondents was 

relatively balanced across the study area. Akwa Ibom 

State contributed 39 respondents (36.44%), Rivers 

State accounted for 36 respondents (33.64%), while 

Cross River State contributed 32 respondents 

(29.90%). This balanced distribution ensured that the 

findings adequately represented stakeholder 

perceptions across the three states investigated. 

The demographic profile demonstrates that the 

respondents possessed appropriate educational 

qualifications, professional experience, occupational 

diversity, and geographical coverage, thereby 

providing a reliable basis for assessing the barriers 

affecting the adoption of Intelligent Transportation 

Systems in South-South Nigeria. 

 
Fig. 3: Respondents' Distribution by State 

Source: Field Survey (2026) 

 

4.2 Reliability Analysis 

The internal consistency of the questionnaire was 

evaluated using Cronbach's Alpha, and the results are 

presented in Table 2. The analysis produced a 

Cronbach's Alpha coefficient of 0.727 for the sixteen 

measurement items, while the standardized 

Cronbach's Alpha was 0.739. According to established 

reliability guidelines, a Cronbach's Alpha value of 

0.70 or above indicates acceptable internal consistency 

for survey instruments (Nunnally and Bernstein, 1994; 

Hair et al., 2022; George and Mallery, 2022). 

Therefore, the obtained coefficient demonstrates that 

the questionnaire items consistently measured the 

barriers associated with the adoption of Intelligent 

Transportation Systems among road transport 

stakeholders. 

The satisfactory reliability coefficient confirms that 

the measurement instrument was appropriate for 

subsequent descriptive statistical analysis and 

supports the credibility of the study findings. 

Consequently, the responses obtained from the 107 

participants were considered sufficiently reliable for 

identifying and ranking the major barriers to ITS 

adoption in South-South Nigeria. 

 

Table 2: Reliability Statistics 

Cronbach’s 

Alpha 

Cronbach’s Alpha                     N 

of Items 

Based on Standardized         

Items 

        0.727    0.739                     

16 

Source: Researcher’s Field Work (2026) 

 

4.3 Descriptive Statistics of the Barriers to 

Intelligent Transportation Systems Adoption 

The descriptive statistics of the sixteen identified 

barriers to Intelligent Transportation Systems (ITS) 

adoption are presented in Table 3 and top ten ranked 

ITS adoption barriers are presented in fig. 4. The 

analysis was based on the responses of 107 road 

transport stakeholders using a five-point Likert scale, 

where higher mean scores indicate stronger agreement 

that a factor constitutes a significant barrier to ITS 

adoption.  

 

Table 3: Descriptive Statistics 
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RANK N MEAN STD 

D 

Q8 107 4.282 .9430 

Q12 107 4.216 .9560 

Q9 107 4.178 .9138 

Q14 107 4.083 .8426 

Q16 107 4.036 .9466 

Q15 107 3.514 1.111 

Q13 107 3.505 1.231 

Q20 107 3.458 1.246 

Q10 107 3.449 1.011 

Q17 107 3.410 1.158 

Q19 107 3.391 1.303 

Q11 107 3.382 1.097 

Q7 107 3.316 1.146 

Q18 107 3.249 1.262 

Q6 107 3.051 1.326 

Q5 107 2.871 1.182 

 

The findings indicate that Q8 recorded the 

highest mean score (Mean = 4.282; SD = 0.943), 

suggesting that respondents strongly perceived this 

factor as the most critical barrier to ITS adoption. This 

was closely followed by Q12 (Mean = 4.216; SD = 

0.956) and Q9 (Mean = 4.178; SD = 0.914), indicating 

widespread agreement regarding their influence on the 

implementation of intelligent transportation 

technologies. Similarly, Q14 (Mean = 4.083; SD = 

0.843) and Q16 (Mean = 4.036; SD = 0.947) also 

recorded high mean values above 4.00, demonstrating 

that these challenges remain substantial obstacles to 

ITS deployment in South-South Nigeria. 

The remaining barriers exhibited moderate 

levels of agreement, with mean scores ranging from 

3.514 to 3.051. Specifically, Q15 (Mean = 3.514), Q13 

(Mean = 3.505), Q20 (Mean = 3.458), Q10 (Mean = 

3.449), Q17 (Mean = 3.410), Q19 (Mean = 3.391), 

Q11 (Mean = 3.382), Q7 (Mean = 3.316), Q18 (Mean 

= 3.249) and Q6 (Mean = 3.051) indicate that 

respondents generally agreed that these factors also 

contribute to the slow adoption of ITS. In contrast, Q5 

recorded the lowest mean score (Mean = 2.871; SD = 

1.182), suggesting comparatively weaker agreement 

regarding its influence. 

 

 
Fig. 4: Top Ten Ranked ITS Adoption Barriers by mean scores (n=107) 

Source: Authors’ Field Survey (2026) 

Note: mean score is based on a 5-point Likert scale where 1=Strongly Disagree to 5=Strongly Agree 

 

The standard deviations ranged between 

0.843 and 1.326, indicating moderate variability in 

respondents' perceptions. Nevertheless, the relatively 

high mean scores across most questionnaire items 

suggest a strong consensus that multiple technological, 

institutional, financial, operational, and human-related 

constraints collectively impede the successful 

implementation of Intelligent Transportation Systems 

within the study area. 

 

4.4 Thematic Analysis of Barriers and Proposed 

Solutions 

To complement the quantitative findings, 

responses to the open-ended questionnaire items were 

analysed using thematic analysis as shown in Table 4. 

The analysis grouped the identified barriers and 

proposed solutions into six major themes, namely: 

Technological and Infrastructure, Financial, 

Institutional and Policy, Human Capacity, Traffic 

Management and Operations, and Public Awareness 

and Social Factors.  
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The technological and infrastructure theme 

highlighted barriers such as manual ticketing systems, 

inadequate ICT facilities, poor mobile network 

coverage, limited digital transport infrastructure, and 

poor maintenance of ITS equipment. Respondents 

recommended upgrading transport infrastructure 

through smart traffic signals, solar-powered traffic 

facilities, broadband expansion, digital traffic 

management systems, and preventive maintenance 

programmes. 

 

Table 4: Thematic Analysis of Barriers and Proposed Solutions to ITS Adoption in South-South    Nigeria 

 

Theme 

Q22: Key Barriers Identified 

from Respondents 

Q23: Corresponding Solutions (derived 

from Q22) 

Technological and 

Infrastructure 

Manual ticketing, poor mobile 

network, lack of digital 

infrastructure, inadequate ICT 

facilities, poor maintenance of ITS 

equipment 

Install solar-powered traffic infrastructure, 

replace analogue with smart traffic signals, 

digitize traffic management, improve 

broadband/mobile connectivity, and 

establish preventive maintenance programs. 

 

Financial Inadequate government funding, 

high equipment costs, high 

maintenance costs, import duties, 

insufficient research funding 

Increase government investment, establish 

public private partnerships (PPP), allocate 

dedicated ITS budgets, reduce import duties 

on ITS equipment, support local research 

and innovation. 

Institutional and 

Policy 

Weak political commitment, policy 

discontinuity, lack of legal 

framework, poor planning, absence 

of standards, weak collaboration 

among agencies  

Develop national/state ITS policies, 

strengthen institutional coordination, 

establish ITS standards, improve inter-

agency data sharing, and ensure policy 

continuity across administrations. 

 

Human Capacity

  

Limited technical expertise, 

inadequate training, lack of data 

analysts, low digital skills among 

traffic officers, shortage of 

maintenance personnel  

Provide regular professional training, 

strengthen university and industry 

collaboration, build local technical capacity, 

and establish ITS training centers. 

 

Traffic Management 

and Operations 

Poor road signage, illegal parking, 

weak law enforcement, outdated 

traffic management practices, lack of 

central traffic control systems  

 

Improve road markings and signage, 

strengthen enforcement of traffic 

regulations, establish intelligent traffic 

control centers, and deploy real-time traffic 

monitoring systems. 

Public Awareness 

and Social Factors 

Low public awareness, resistance to 

ITS technologies, privacy concerns, 

vandalism, theft of public 

infrastructure  

Conduct public awareness campaigns, 

engage communities and transport unions, 

educate road users on ITS benefits, 

strengthen security for ITS infrastructure, 

and implement anti-vandalism measures. 

 

 

The financial theme emphasized inadequate 

government funding, high implementation and 

maintenance costs, import duties, and insufficient 

research funding. Suggested solutions included 

increased public investment, public-private 

partnerships, dedicated ITS budgets, and incentives to 

encourage local technological innovation. 

The institutional and policy theme identified 

weak political commitment, policy discontinuity, 

absence of ITS standards, poor planning, and weak 

collaboration among transport agencies. Respondents 

recommended stronger institutional coordination, 

comprehensive ITS policies, improved data sharing, 

and sustained policy implementation. 

Similarly, the human capacity theme 

revealed shortages of technical experts, inadequate 

training, and limited digital skills among traffic 

personnel. Capacity-building programmes, university-

industry collaboration, and specialized ITS training 

centres were recommended. The traffic management 

theme focused on poor road signage, weak law 

enforcement, illegal parking, and outdated traffic 

management practices, while the public awareness 

theme highlighted limited awareness, resistance to 

technology, vandalism, and privacy concerns. 
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Respondents recommended intensified public 

education campaigns, stronger enforcement 

mechanisms, community engagement, and improved 

security of ITS infrastructure. 

 

4.5 Discussion 

The findings demonstrate that the adoption of 

Intelligent Transportation Systems in South-South 

Nigeria is constrained by a combination of 

technological, institutional, financial, operational, and 

social factors. The high mean scores recorded for the 

leading barriers indicate that respondents perceive 

infrastructure deficiencies and institutional 

weaknesses as the most significant impediments to 

successful ITS implementation. These findings are 

consistent with previous studies, which reported that 

inadequate ICT infrastructure, insufficient 

government investment, and weak policy 

implementation remain major barriers to intelligent 

transport deployment in developing economies 

(Abduljabbar et al., 2019; Ajayi et al., 2021; Ndzi et 

al., 2023).  

The thematic analysis further confirms that 

successful ITS implementation requires an integrated 

approach involving technological investment, 

institutional reforms, sustainable financing, 

professional capacity development, improved traffic 

management, and enhanced public awareness. The 

convergence between the quantitative rankings and the 

qualitative themes strengthens the validity of the study 

and demonstrates that ITS adoption cannot be 

achieved through technological investment alone. 

Instead, coordinated government policies, stakeholder 

collaboration, continuous technical training, and 

sustained infrastructure development are required to 

create an enabling environment for intelligent 

transportation technologies. 

These findings provide valuable empirical evidence 

for policymakers, transport agencies, and 

infrastructure planners seeking to accelerate ITS 

adoption in South-South Nigeria. The study also 

contributes to the growing body of literature on ITS 

implementation in developing countries by providing 

stakeholder-based evidence from a region that has 

received relatively limited scholarly attention. 

 

V. Conclusion and Policy Implications 
5.1 Conclusion 

This study examined the adoption challenges 

of Intelligent Transportation Systems (ITS) among 

road transport stakeholders in South-South Nigeria 

using a descriptive survey approach. The findings 

demonstrate that although ITS offers significant 

opportunities for improving traffic management, road 

safety, mobility efficiency, and sustainable 

transportation, its adoption in the study area remains 

constrained by multiple interrelated barriers. 

Descriptive statistical analysis revealed that 

respondents perceived technological and 

infrastructure deficiencies, inadequate funding, weak 

institutional and policy frameworks, limited technical 

expertise, ineffective traffic management practices, 

and low public awareness as the most significant 

obstacles to ITS implementation. The thematic 

analysis further consolidated these barriers into six 

major categories, namely technological and 

infrastructure, financial, institutional and policy, 

human capacity, traffic management and operations, 

and public awareness and social factors. 

The study concludes that successful ITS 

adoption requires more than technological 

deployment. Effective implementation depends on 

sustained government commitment, adequate 

financial investment, robust digital infrastructure, 

institutional collaboration, continuous capacity 

development, and active stakeholder engagement. 

Addressing these barriers will not only enhance 

transport system efficiency but also contribute to safer 

roads, reduced traffic congestion, improved 

environmental sustainability, and economic 

development within South-South Nigeria. The 

findings therefore provide valuable empirical evidence 

for transport authorities and policymakers seeking to 

accelerate digital transformation in the Nigerian 

transport sector. 

 

5.2 Policy Implications 

The findings have several important policy 

implications for government agencies, transport 

regulators, and infrastructure planners. 

1. Governments at both the federal and state levels 

should prioritize investment in digital transportation 

infrastructure, including intelligent traffic signals, 

surveillance systems, communication networks, and 

integrated traffic management centers. 

2. A comprehensive national and state-level ITS 

policy framework should be developed to provide 

clear implementation guidelines, technical standards, 

institutional responsibilities, and sustainable funding 

mechanisms for intelligent transportation projects. 

3. Transport institutions should strengthen 

collaboration among the Federal Road Safety Corps 

(FRSC), State Traffic Management Agencies, 

ministries responsible for transportation, 

telecommunications regulators, and academic 

institutions to facilitate knowledge sharing and 

integrated transport planning. 

4. Public awareness campaigns should be intensified 

to educate road users, transport operators, and other 

stakeholders on the benefits of Intelligent 

Transportation Systems, thereby improving public 
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acceptance and encouraging greater participation in 

future ITS initiatives. 

 

 

5.3 Summary of Findings 

The study established that: 

• Road transport stakeholders generally agreed 

that significant barriers hinder the adoption of 

Intelligent Transportation Systems in South-South 

Nigeria. 

• The most highly ranked barriers were 

associated with technological infrastructure 

deficiencies, inadequate funding, weak institutional 

support, limited technical expertise, and ineffective 

transport management practices. 

• The thematic analysis classified the identified 

barriers into six major categories: technological and 

infrastructure, financial, institutional and policy, 

human capacity, traffic management and operations, 

and public awareness. 

• Respondents recommended increased 

investment in digital infrastructure, stronger policy 

implementation, institutional collaboration, capacity 

development, sustainable financing, and public 

sensitization as key strategies for improving ITS 

adoption. 

 

5.4 Study Limitations 

Despite its contributions, this study has several 

limitations. First, the research was limited to three 

states in South-South Nigeria; therefore, the findings 

may not fully represent the experiences of all 

geopolitical regions of the country. Second, the study 

relied on self-reported questionnaire responses, which 

may be influenced by respondents' perceptions and 

subjective judgments. Third, the analysis employed 

descriptive statistical techniques and thematic 

analysis, making it suitable for identifying and ranking 

barriers but not for testing causal relationships among 

variables. Finally, the cross-sectional nature of the 

survey captured respondents' opinions at a single point 

in time and may not reflect changes in ITS adoption 

over time. 

 

5.5 Suggestions for Future Research 

Future studies should expand the geographical scope 

to include all six geopolitical zones of Nigeria to 

enable broader national comparisons of ITS adoption 

challenges. Researchers are also encouraged to 

employ advanced analytical techniques such as 

Exploratory Factor Analysis (EFA), Confirmatory 

Factor Analysis (CFA), Structural Equation Modelling 

(SEM), and Partial Least Squares Structural Equation 

Modelling (PLS-SEM) to examine the causal 

relationships among technological, organizational, 

and environmental factors influencing ITS adoption.  
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